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SCIENTIFIC EXCELLENCE

SBRT is difference from conventional radiotherapy!

Radiation delivery to a demarcated tumor target, with ablative intent

Few large dose treatments
Tight margins — not treating microscopic disease
Potentially heterogeneous target dose
Compact dose distribution
steep dose gradients outside targets
many small fields
accurate targeting
Optimal immobilization
Motion management as needed
Systematic use of dose constraints

Courtesy: R. Timmerman
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TasLE II. ASTRO six point action plan.

ASTRO six point action plan
Creation of an anonymous national database for event reporting
Enhance and accelerate the ASTRO/ACR Practice Accreditation Program
Expand education and training programs to include intensive focus
on quality and salety
Develop tools for cancer patients to use in discussions with
radiation oncologists
Accelerate development of the THE-RO (Integrated Health
Enterprise—Radiation Oncology) program
Advocate for passage of the CARE (Consistency, Accountability,
Responsibility. Excellence in Medical Imaging and Radiation Therapy) act

Hendee WR, Herman MG. Improving patient safety
in radiation oncology. Med Phys 38(1): 78-82, 2011
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HDR Written by 8 “experts”

Peer Review Reviewed by 8 independent “experts”

Endorsed by AAPM, ACR, AAMD, ASRT
Reviewed by AANS, MITA, public




ASTRO SRS / SBRT White Paper

+ SRS / SBRT, the delivery of 1-5 high dose fraction, is
fundamentally different than conventional radiotherapy
in that the intent is ablative.

* This leaves no margin for error.

* The approach to SRS/SBRT quality and safety requires:

a much more broad approach than simply preventing
human / technical errors

adherence to an appropriately high standard of care
in all aspects, clinical as well as technical/physical

Should SBRT be considered a special procedure in the same
way heart or liver transplant are special procedure?

IMRT and SRS/SBRT White Papers, A Clinical Practice Webinar ’
(D www.astro.org/webinars ASTRO

Practical Radiation Oncology (2012) 2, 2-9 p ro
www.practicalradonc.org

Special Article

Quality and safety considerations in stereotactic
radiosurgery and stereotactic body radiation therapy:
Executive summary

Timothy D. Solberg PhD®*, James M. Balter PhD®, Stanley H. Benedict PhD ¢,
Benedick A. Fraass PhD ¢, Brian Kavanagh MD ¢, Curtis Miyamoto MDf,
Todd Pawlicki PhD9, Louis Potters MD ", Yoshiya Yamada MD

White Paper Goals:

Standardize practice of SRS/SBRT at a universally high level
Maximize efficacy, minimize complications

Prevent SRS/SBRT errors
Ensure Safety

IMRT and SRS/SBRT White Papers, A Clinical Practice Webinar ’
(D www.astro.org/webinars ASTRO




ASTRO SRS / SBRT White Paper

SRS/SBRT as a well thought out program, not an addition/afterthought
Team approach, plan ahead

SRS/SBRT specific training

SRS/SBRT expertise/competence, including personnel certification
Follow nationally accepted clinical and technical standards

Must have adequate resources: Time, equipment, personnel
Physician and physicist supervision for each procedure

Quality management system, including reporting and ongoing
quality improvement, and peer review

SRS/SBRT accreditation / credentialing programs?

IMRT and SRS/SBRT White Papers, A Clinical Practice Webinar ’
(D www.astro.org/webinars ASTRO

pro Quality and safety considerations in stereotactic
radiosurgery and stereotactic body radiation therapy

W practicalradone org

Table 1. Essential planning aspects for developing a new

SBRT program and/or considering new di sites.

Recommendation Duration or Frequency Reference
Establish clinical program geoals, specify disease sites, identify
program specialists, develop guidelines for treatment, follow-up Initially | 33-34,36
and assessment. |

Identify required resources: expertise, personnel, technology, time. Initially. and for each new technology and/or disease site | 32-33

Parform technology assessment commensurate with clinical goals, |
identify equipment and processes for simulation, iImmaobilization, Initially, and for each new technology and/or diseasa site | 32-33
image guidance, management of organ mation, treatment delivery. |

Perform assessment of staffing levels, develop processes for initial and

ongolng tralning of all program staff, Initially, and for each new technology and/or disease site | 32-35

Develop and use checklists for all aspects of SRS/SBRT processes. Initially. and for each new technology and/or diseasa site | 34-36

Provide documentation for a culture and environment fostering clear

and apen communication, Ongeing . R

Develop quality assurance processes that encompass all clinical and |
technical SBRT program aspects, clearly following available guidance, | Initially, and for each new technology and/or disease site | 32-36,43
with regard to procedures and tolerances,

Conduct clinical SBRT patlent conferences for pre-treatment planning

0 i
and POST-Treatment review. g
Develop processes for documentation and reparting, peer review,
regular review of processes and procedures, updating clinical Qngoing | 3235

quidelines and recommendations, ongoing needs assessment, and
continuous quality Improvement.

Define your goals, then establish your clinical and technical processes




SBRT PRIMARY NSCL AND LUNG METASTASES

1 Scope

This is a summary clinical guideline for Radiation Oncologists on the use of Stereotactic Body
Radiotherapy Treatment (SBRT) in primary non-small cell lung cancer (NSCLC) and lung
metastases.

2 Responsibility
Radiation Oncology Lead, Lung Cancer

3 Other Relevant Documentation
Intravenous Contrast Administration protocol
Gated Radiotherapy protocol

4 Policy

Surgery and radiotherapy (RT) are potentially curative treatment options for patients with
early stage primary lung cancer or oligometastatic disease.’ The choice between treatments
should be based on multidisciplinary team discussion and consideration of patient, tumour
and treatment factors.

For early stage non-small cell lung cancer (NSCLC) (Stage): stereotactic body RT (SBRT) is
recommended for patients who are medically inoperable.and who refuse surgery after
thoracic surgery evaluation. SBRT has achieved primary tumour conrol and overall survival
rates comparable {0 surgery” and higher than conventional 3D-conformal RT in non-

p in medically inoperable or older patients.*®

In addition to effcacy‘ SBRT has the advantage of convenience with less treatment visits
compared to conventional RT, and is well tolerated.

Published resufs from RTOG 0236 in ireatment of medically inoperable T1-2N0 NSCLC
using SBRT (54 Gy in 3 fractions) showed a 3 year primary tumour control rate of 98%.°
Long-term results presented.at ASTRO 2014 (median follow up 4 years) showed an
estimated 5 year local control fates of 93%. Five year disease-free and overall survival rates
were 26% and 40%, respectively. Phase Il trials had been initiated to compare SBRT with
surgery but these were closed due to poor accrual (Dutch ROSEL and Cyberknife trial). A
TROG initiated randomised control trial comparing SBRT with conventionally fractionated RT
(CHISEL) is ongoing.  Suitable patients should be considered for this trial.

SBRT is an effective and well tolerated local therapy for patients with limited metastatic
disease within the lung. Local control rates in patients with lung metastases have ranged
from 63-93% using various dose fractionation schemes.”® These results suggest that SBRT
provides similar local control rates to surgical resection; hence SBRT may be an alternative to
surgery in patients with oligometastatic disease.

41 Indications

«  Stage | (T1aand T1b), T2a and selected T2b tumours
« Medically inoperable or patient refusal of surgery.
«  Lung oligometastases (with < 5 systemic metastases).

42  Contraindications

«  Concurrent chemotherapy.
«  Inability to lie flat for 30-40 minutes.

Develop a rational, approach and
program goals for each disease site.

pro Quality and safety considerations in stereotactic
radiosurgery and stereotactic body radiation therapy
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Table 1. Essential planning aspects for developing a new
SBRT program and/or considering new disease sites.

Recommendation

Duration or Frequency Reference

Establish clinical program geoals, specify disease sites, identify
program specialists, develop quidelines for treatment, follow-up
and assassment.

Initially 33-34,36

Identify required resources: expertise, personnel, technology, time.

Initially, and for each new technology and/or disease site | 32-33

Perform technology assessment commensurate with clinical goals,
identify equipment and processes for simulation, iImmaobilization,
image quidance, management of organ motion, treatment delivery.

Initially, and for each new technology and/or diseasa site | 32-33

Perform assessment of staffing levels, develop processes for initial and
ongolng training of all program staff.

Initially, and for each new technology and/or disease site | 32-35

Develop and use checklists for all aspects of SRS/SBRT processes.

Provide documentation for a culture and environment fostering clear
and apen communication,

Initially, and for each new technology and/or diseasa site | 34-36

Ongoing 2

Develop quality assurance processes that encompass all clinical and
technical SBRT program aspects, clearly following available guidance,
with regard to procedures and tolerances,

Conduct clinical SBRT patlent conferences for pre-treatment planning
and post-treatment review.

Initially, and for each new technology and/or disease site | 32-36, 43

Ongoing

Develop processes for documentation and reparting, peer review,
regular review of processes and procedures, updating clinical
quidelines and recommendations, ongoing needs assessment, and
continuous quality Improvement.

Ongoing 32-35

Identify Required Resources: Personnel, Technology, Time




Technology for Motion Management

4DCT

Gating / Tracking

(-

Compression




Equipment for Dosimetry and Quality Assurance

pro Quality and safety considerations in stereotactic
radiosurgery and stereotactic body radiation therapy
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Table 1. Essential planning aspects for developing a new
SBRT program and/or considering new disease sites.

idelines and r wations, engoing needs and
continuous quality Improvement.

Resources: are staffing levels adequate?

Recommendation Duration or Frequency Reference
Establish clinical program geoals, specify disease sites, identify
program specialists, develop guidelines for treatment, follow-up Initially 33-34,36
and assessment.
Identify required resources: expertise, personnel, technology, time. Initially, and for each new technology and/or disease site | 32-33
Parform technology assessment commensurate with clinical goals,
identify equipment and processes for simulation, iImmaobilization, Initially, and for each new technology and/or diseasa site | 32-33
image gnida Nce, management O‘OJEFI mation, treatment delivery.
Perform assessment of staffing levels, develop processes for initial and = 5
ongolng tralning of all program staff, Initially, and for each new technology and/or disease site | 32-35
Develop and use checklists for all aspects of SRS/SBRT processes. Initially, and for each new technology and/or diseasa site | 34-36
Provide documentation for a culture and environment fostering clear
piy Ongoing 2
and apen communication,
Develop quality assurance processes that encompass all clinical and
technical SBRT program aspects, clearly following available guidance, | Initially, and for each new technology andior disease site | 32-36,43
with regard to procedures and tolerances,
Conduct clinical SBRT patlent conferences for pre-treatment planning
Ongoing
and post-treatment review.
Develop processes for documentation and reparting, peer review,
regular review of processes and procedures, updating clinical Qngoing 12.35
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Table 2. Personnel qualifications of a stereotactic program

Recommendation Duration or Freq y | Ref e
All personnel must d initial i of § and comp e In their
respective discipline through ¢ ion from an app educational board Initially 3233
certification and licensure 3¢ ppropriate,
All personnel must recelve vendor provided equipment -specific training prior to involvement inan 16 hours per staff m 3 32,34
SBRT program.
All personnel must receive disease-site-specific training prior to involvement in a stereotactic 16 hours per staff m 5 32,34
program.
All personnel must maintain their skills by lifelong learning through continuing professional o 2 32 3435
development. For physicians and physicists this is the ABR Maintenance of Certification process. ngomng Pt
T There must be adequate resources in place to meet the di of the ctic prog with
sufficient staff. Staff must have sufficient time to carry out the necessary tasks without undue Ongoing 32-33,37,39
pressure.
Job description and list of responsibilities should be clearly delineated in writing for all stereotactic o
Initially 3233
program individuals.
Non-radiation oncology specialists can sometimes lend expertise in the area of target delineation
for SBRT, given a deep fund of knowledge in the anatomy of various body sites, Examples of such
specialists Include and oncologic surgeons.
SRS specific training
SRS expertise/competence
Maintenance of certification
p r'o Quality and safety considerations in stereotactic
4 radiosurgery and stereotactic body radiation therapy
e practicalradonc o
Table 1. Essential planning aspects for developing a new
SBRT program and/or considering new disease sites.
Recommendation Duration or Frequency Reference
Establish clinical program geoals, specify disease sites, identify
specialists, develop guidelines for follow-up Initially 33-34,36
and assessment.
Identify required resources: expertise, personnel, technology, time. Initially, and for each new technology and/or disease site | 32-33
Parform technology assessment commensurate with clinical goals,
identify equipment and processes for simulation, iImmaobilization, Initially, and for each new technology and/or diseasa site | 32-33
image quidance, management of organ motion, treatment delivery.
Perform assessment of staffing levels, develop processes for initial and = 5 :
ongolng tralning of all program staff, Initially, and for each new technology and/or disease site | 32-35
Develop and usa checklists for all aspacts of SRS/SBRT processes. Initially, and for each new tachnology and/or diseasa site | 34-36
[- Provide documentation for a culture and environment fostering clear
e Ongoing 2
and apen communication,
Develop quality assurance processes that encompass all clinical and
technical SBRT program aspects, clearly following available guidance, | Initially, and for each new technology andior disease site | 32-36,43
with regard to procedures and tolerances,
Conduct clinical SBRT patlent conferences for pre-treatment planning Ongol
and post-treatment review. g
Develop pr for doc ion and ing, peer review,
regular review of processes and procedures, updating clinical
iclel nd rec dati going needs and Ongaing 3233

continuous quality Improvement.

Safety Culture: Open Communication, Nonpunitive
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Table 3. Essential commissioning elements of a stereotactic program.
Recommendation Duration | Reference

Appropriate resources, speclalized equipment, personnel, time, must be d and prior to
of acceptance and commissioning processes and procedures.

8-16 weeks 32-33

Independent assessment of measured beam data should be performed prior to initiating a clinical SBRT program. | 1 week

Independent verification of absolute ¢ should be performed prior to initiating a clinical stereotactic ot ikl
=RLCQLI)

Compreh system ¢ g Incor atull range of stereotactic delivery

parameters and techniques, and specifically add g use of inh \elty corrections with specific dose 4-8 weeks 33

algorithm({s), must be performed prior to initiating a clinical stereotactic program.

Independent verification of system commissioning, uti zZing appropriate specialized phantoms such as those from
the Radlological Physics Center, should be performed prior to Initiating a clinical tic andpriorto | 2-4weeks
initiating new clinical sites and/or treatment techniques.

Thorough commissioning of simulation devices and processes, including 40 CT if used, must be performed prior to

aclinical st tactic p 24 weeks 33
Management of respiratory motion is an essential element of SBRT simulation, planning and delivery. Measures 24 wRdls 33-34,40
must be developed to ensure effective and safe operation of these technologies. %
Evaluation of individual and end-to-end localization capabilities of the image guidance system must be performed
prior to initiating a clinical stereotactic program and prior to initiating new clinical sites and/or treatment 2weeks 33-34
techniques.

End-to-end procedures, incorp imulation, planning and dosimetry, image
guidance, management of motion, and treatment management systems, must be performed prior to initiating a
clinical tic prog and prior to inif new clinical sites and/or treatment techniques. In addition, 2weeks 33
users may find it useful to deliberately introduce known errors, and evaluate the capabilities of the system and
processes in detecting such errors.
Comprehensive Commissioning
Dosimetric commissioning: Do your MU VERIFICATION / POINT DOSE MEASUREMENT
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[Treatment site |2 nasa e 1010 |
S Bt Dose {Gy)]
Fisid #1 ]
Pl #3 [
Figld 83 o 2.308
6 13 2308

Total Dose (Gy): 2.598

1on Chamber PFTW31014 0.015¢c (senal #00954)
Cross-Calibration Energy [MV) P
[] 2,308
10 9,000
i 2.000

0G0E-09] 1000807

Eloctromatnr, Pel  cosana Suide 75630 - slemd -

Phantom ol Wk ek, Il hd
Pécters: Pisase sesect lon Chamber & Dlectiometer




Dosimetric commissioning: Do your calculations agree with measurement?
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Dosimetric commissioning: Do your calculations agree with measurement?
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Dosimetric commissioning: Do your calculations agree with measurement?

VERO POINT DOSE COMMISSIONING SUMMARY

SOLID WATER
Material Configuration Plan'  Measure _ Diff (%) Hetero Off _Diff (%) Monte Carlo® _ Diff (%)

SolidWater 4 Field Box 14 x 14 2504 2502 -0.08 2472 2498

SolidWater 4 Field Box 10 x 10 2.998 2.998 0.00 2.960 1.28 2.986 0.40
SolidWater 4 Field Box 8 x 8 2494 2490 -0.16 2.460 2.508

SolidWater 4 FieldBox5x5 2.506 2470 -1.44 2470 0.00 2514 -1.75
SolidWater 4 Field Box 4 x 4 2.500 2504 0.16 2464 2488

SolidWater 4 Field Box 2 x 2 2496 2499 0.12 2458 2468

SolidWater Parallel-Opposed Irreg ~ 6.5 x 6.5 2463 2418 -1.83 2317 4.36 2483 -2.62
SolidWater 5 Field Sphere ~8 x 8 4.050 3978 -1.78 3.887 234 4.060 -2.02
SolidWater 2DynArcs ~9.4x 94 2510 2481 -1.16 2.567 -3.35 2.530 -1.94
SolidWater 4 DynArcs - AB 4.028 4.037 0.22

SolidWater 3 DynArcs - AC 4.038 4.062 0.59

SolidWater 2 Isocenters - 1 DynArc each 3.070 3.071 0.03

SolidWater 7 Field IMRT 3.080 3.075 -0.16

SolidWater Mapped 5 Field IMRT 6.480 6.545 1.00

SolidWater Mapped 10 Field Lung SBRT 8/19/11 13.850 13.980 0.94

SolidWater Mapped 13 Field Prostate SBRT 8/19/11 9.980 10.059 0.79

SolidWater Mapped 13 Field Prostate SBRT 8/19/11 5.000 5011 0.22

SolidWater Mapped 12 Field Spine SBRT 8/19/11 20620  21.479 417

SolidWater Mapped 12 Field Spine SBRT 8/19/11 4210 4262 1.24

SolidWater Mapped 13 Field Spine SBRT 11.627 11.660 0.28

SolidWater Results Average
0.16

Std Dev
1.321

Dosimetric commissioning: Heterogeneous Media

Stereotactic body radiation therapy: The report of AAPM Task Group 101

VL.B. Problems associated with small-field
heterogeneity calculations

Head-and-neck and lung tumors are often situated at air-
tissue interfaces. The effects of transient electronic disequi-
librium and increased lateral electron range in air will result
in an important reduction in the central axis dose beyoqgl the
cavity and potentially an underdosage of the tumor. >

Recommendation: Algorithms that account for 3D scatter
integration such as convolution/superposition have been
found (including by the RPC study) to perform adequately in
most clinical situations, including (in many cases) circum-
stances where there is a loss of electronic equilibrium such as
the lung tissue interface or tumor margin in low-density me-
dium. Calculation algorithms accounting for better photon
and electron transport such as Monte Carlo would be ideal

for the most demanding circumstances, such as a small le-
sion entirely surrounded by a low-density medium. However,
at the time of this publication, Monte Carlo calculations are

No Pencil Beam
Algorithms for Lung

not yet widely available in the clinic. Pencil-beam algorithms
accounting for only 1D scatter corrections are not recom-,
mended for accurate estimate of the dose in such tumors and
in general for any lung tumors.”" For site-specific recom-
mendations, the clinical user should refer to Report 85 of
Task Group 65.7°

11



Dosimetric commissioning: Heterogeneous Media

Pencil Beam — Is it Correct?

L

Oreriem 1 Stes 1 [rr—— 1 [— !""Erglm‘_ﬁ?
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Monte Carlo — Is it Correct?

(N W 2

Dosimetric commissioning: Do your calculations agree with measurement?

VERO POINT DOSE COMMISSIONING SUMMARY

HETEROGENEOUS PHANTOMS

Material Configuration / Plan Algorithm Plan Measure Diff

IMT Thorax Phantom 11 Field Rt Small Lung Tumor coplanar PB 9.973 9418 -5.57
IMT Thorax Phantom 11 Field Rt Small Lung Tumor coplanar MC 2% / 4mm / water 9177 9.418 263
IMT Thorax Phantom 11 Field Rt Small Lung Tumor coplanar MC 2% / 2mm / water 9.267 9.418 1.63
IMT Thorax Phantom 11 Field Rt Small Lung Tumor coplanar MC 2% / 4mm / medium 9277 9418 1.52
IMT Thorax Phantom 11 Field Rt Small Lung Tumor coplanar MC 2% / 2mm / medium 9.330 9418 0.94
IMT Thorax Phantom 11 Field Rt Small Lung Tumor coplanar MC 1% / 2Zmm / medium 9313 9418 113
IMT Thorax Phantom 11 Field Rt Small Lung Tumor noncoplanar  PB 10.083 9477 -6.01
IMT Thorax Phantom 11 Field Rt Small Lung Tumor noncoplanar ~ MC 2% / 4mm / water 9.273 9477 2.20
IMT Thorax Phantom 11 Field Rt Small Lung Tumor noncoplanar ~ MC 2% / 2mm / water 9.277 9477 216
IMT Thorax Phantom 11 Field Rt Small Lung Tumor noncoplanar ~ MC 2% / 4mm / medium 9.330 9477 1.58
IMT Thorax Phantom 11 Field Rt Small Lung Tumor noncoplanar ~ MC 2% / 2mm / medium 9317 9477 1.72
IMT Thorax Phantom 7 Field Lt Large Lung Tumor coplanar FB 4.980 46894 -1.73
IMT Thorax Phantom 7 Field Lt Large Lung Tumor coplanar MC 2% / 4mm / water 4,843 4,894 1.05
IMT Thorax Phantom 7 Field Lt Large Lung Tumor coplanar MC 2% / 2mm / water 4.780 4.894 2.38
IMT Thorax Phantom 7 Field Lt Large Lung Tumor coplanar MC 2% / 4mm / medium 4833 4894 126
IMT Thorax Phantom 7 Field Lt Large Lung Tumor coplanar MC 2% / 2mm / medium 4777 4804 245
Average  MC 2% / 4mm / water 1.96

MC 2% / 2mm / water 2.06

MC 2% / 4mm / medium 1.45

MC 2% / 2mm / medium 1.70

13
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Table 3. Essential commissioning elements of a stereotactic program.
Recommendation Duration | Reference

Appropriate resources, speclalized equipment, personnel, time, must be evaluated and available prior to Initiation

of acceptance and commissioning processes and procedures. 8-16 weeks 3233

Independent assessment of measured beam data should be performed prior to initiating a clinical SBRT program. | 1 week

Independent verification of absolute calibration should be performed prior to initiating a clinical stereotactic

<1 week
program.
Comp treatment system ¢ g Incor atull range of stereotactic delivery
parameters and techniques, and specifically add use of inh \elty corrections with specific dose 4-8 weeks 33

Lalgorithmis) mustbe performed prior to initiating a dlinical stereotactic program,

Independent verification of system ¢ ing, utilizing approp specialized phantoms such as those from
the Radlological Physics Center, should be performed prior to Initiating a clinical stereotactic program and priorto | 2-4 weeks
Initiating new clinical sites and/or treatment techniques.

Thorough commissioning of simulation devices and processes, including 40 CT if used, must be performed prior to

itiating a clinical st tactic p 24 weeks 33
Management of respiratory motion is an essential element of SBRT simulation, planning and delivery. Measures 24 wRdls 33-34,40
must be developed to ensure effective and safe operation of these technologies. - y
Evaluation of individual and end-to-end localization capabilities of the image guidance system must be performed
prior to initiating a clinical stereotactic program and prior to initiating new clinical sites and/or treatment 2weeks 33-34
techniques.

End-to-end ¢ 1 procedures, incor imulation, t planning and dosimetry, image
guidance, management of motion, and treatment management systems, must be performed prior to initiating a
clinical tic prog and prior to new clinical sites and/or treatment techniques. In addition, 2weeks 33

users may find it useful to deliberately introduce known errors, and evaluate the capabilities of the system and
processes in detecting such errors.

Independent Review of System Commissioning

Independent verification: RPC Phantoms

14



THE UNIVERSITY OF TEXAS

Physics Gonter MDAnderson
e (s ot Ganeer Center
8060 EI Rio Strect, Houston, TX 77054 * Tel (713) 745-8989
rpe@mdanderson.org *hitp://rpe.mdandecson.org » Fax (713) 794-1364

Report of Lung
Phantom Irradiation

RPC Lung Phantom Benchmark

Date of Report: October 21, 2011
Institution: UTSW Med Ctr-Moncrief
Physicist , | Zeke Ramirez
Radiation Machine: Vero, Vero (201902) - 6 MV
Colimator: MLC
Technique:
Troatmant Planeing Systam: ‘BrainLab, iPlan (3DINIRT) ~ Monte Carlo
Date of Imadiation: August 31, 2011
Description of procedure:
ic lung phantom a cylindrical dosimetry insert that simulated the

leﬁ lung was placed in the supine position in a CT scanner and imaged. The insert contained a
‘spherical centered target. TLD capsules located near the center of the target provided point dose
information and three sheets of GAFChromic™ Dosimetry Media provided dose distributions in
the axial, coronal and sagittal planes. The phantom included heart and spinal cord structures,
each one containing one TLD capsule. The right lung was also included. The phantom with the
fl insert was irradiated to approximately 6 Gy using @ 3D-CRT technique. The analyses of the
results were based on dose calculation applying correction for tissue heterogeneity.

The dosimetric precision of the TLD is 3%, and the spatial precision of the fim and densitometer
system s 1 mm.

Summary of 'I’LD and film results:

[ Local [ RPCvsinst | Crteria |  Acceptable |
PTV_ m) su 0.96 0.92-1.02 Yeg="" |
PTV_TLD_inf 095 092-1.02 Yes ]
Fim Piane Gamma Index” Criteria Acceplable
Axial 97 80% es
Coronal 9% 80% s

Sagittal 96 80% )

Average over 3 planes %6 85% es

*Percentage of points meeting gamma-index criteria of 5% and 5 mm

The phantom irradiation results isted in the table above do meet the criteria established by the
RPC In colaboration wits the cooperaive sty groups, Therefor, your nsfuton hias satisfied
the phantom irradiation component of the credentialing process to enter patients onto clinical
trials.

TLD and Film Analysis by: Paola Alvarez, M.S. 1A%

Report Checked by:

Pencil Beam ‘ ‘ Monte Carlo

avi ‘oliowdll] Ph.D.
Director, Radiological Physics Center
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Table 3. Essential commissioning elements of a stereotactic program.
Recommendation Duration | Reference

} Appropriate resources, speclalized equipment, personnel, time, must be evaluated and available prior to Initiation

| of acceptance and commissioning processes and procedures. 8-16 weeks 3233

Independent assessment of measured beam data should be performed prior to initiating a clinical SBRT program 1 week

[
‘
[

| Independent verification of absolute calibration should be performed prior to initiating a clinical stereotactic

| <1 week
program.
Comg treatment system ¢ 1Q Incorporating a full range of stereotactic delivery
parameters and techniques, and specifically addressing use of inhomogeneity corrections with specific dose 4-8 weeks 33

algorithm({s), must be performed prior to initiating a clinical stereotactic program.

Independent verification of system ¢ oning, utilizing approp specialized phantoms such as those from
the Radlological Physics Center, should be performed prior to Initiating a clinical stereotactic program and priorto | 2-4 weeks
Initiating new clinical sites and/or treatment techniques.

Thorough commissioning of simulation devices and processes, including 40 CT if used, must be performed prior to

tiating a clinical st tactic p 24 weeks 33

Management of respiratory motion is an essential element of SBRT simulation, planning and delivery. Measures
_ ¥ . 2-4 weeks 33-34,40

must be developed to ensure effective and safe operation of these technologies.
Evaluation of individual and end-to-end localization capabilities of the image guidance system must be performed
prior to initiating a clinical stereotactic program and prior to initiating new clinical sites and/or treatment 2weeks 33-34
techniques.
End-to-end ¢ 1 procedures, incor imulation, t planning and dosimetry, image
guidance, management of motion, and treatment management systems, must be performed prior to initiating a
clinical stereotactic program and prior to initiating new clinical sites and/or treatment techniques. In addition, 2 weeks 33

users may find it useful to deliberately introduce known errors, and evaluate the capabilities of the system and
processes in detecting such errors,

End-to-end testing
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Image Guided End-to-End Assessment
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Image Guided End-to-End Assessment

Body Phantom

Localization and dosimetry targets

Reference CT Localization CBCT

Localization Images

Reference Images

(

xacTrac Setup CBCT Setup

End-to-end Localization Summary

Repeat 46 Times
Anterior-Posterior Right-Left Superior-Inferior
n Average Min Max Stdev| n Average Min Max Stdev| n Average Min Max Stdev
AllData 23 -0.02 -0.67 0.79 0.35 ( 23 -0.26 -0.75 0.46 0.28 ( 46 0.23 -0.34 0.73 0.28
2D/2D 10 0.13 -0.67 0.79 041 | 10 -0.23 -0.60 046 030 | 20 0.28 -0.29 0.69 0.27
0.28

CBCT 13 -0.13 -0.49 044 0.26 | 13 -0.29 -0.75 0.06 0.28 | 26 0.18 -0.34 0.73
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_Table 3. Essential commissioning elements of a stereotactic program.

Recommendation Duration | Reference
Appropriate resources, speclalized equipment, personnel, time, must be and prior to si6weeks | 3238
of acceptance and commissioning processes and procedures.
! ndent assessment of measured beam data should be performed prior to initiating a clinical SBRT program.__| 1 week
verification of should be p prior to init adlinical ik
program.
G system Inc atull range of stereotactic delivery
parameters and techniques, and specifically g use of inh ity corrections with specific dose 4-8 weeks 33
muslbe prior to ini adlnkal tic
Indepandem wummon of system ¢ uulldnq iate specialized such as those from
the Radlological Physics Center, should be performed prior to Initiating a clinical tic pi andpriorto | 2-4 weeks
initiating new clinical sites and/or treatment techniques.
Th mr of s devices and processes, including 40 CT if used, must be performed priorto | , ., 33
aclinical tic
Management of respiratory motion is an essential element of SBRT simulation, planning and delivery. Measures 24 33-34,40
must be developed to ensure effective and safe operation of these technologies. y
of and end d loc: [« of the image guidance system must be performed
prior to ini a clinical and prior to initiating new clinical sites and/or treatment 2weeks 33-34
techniques.
End: d procedures, incorp g and dosii y.image
guidance, management of motion, and treatment managemem systems, mustbe perfovmed prior to Initiating a
clinical tic program and prior to initiating new clinical sites and/or treatment techniques. In addition, 2weeks 33

users may find it useful to deliberately introduce known errors, and evaluate the capabilities of the system and
processes in detecting such errors.

Independent verification of absolute calibration

Radiclogcal Physics Center

jfiéc. MD Anderson DR .

Tel (713) 745-8989 i 1
Bediologlos Physice Canter iAol Independent verification of
Emai (pe@maandenon o . .
i npe masnderson g absolute calibration
%302

Tostitution: UTSW Med Cir - Radiation Oncology West, Dallas, TX

RTF Number

Person hrradiating dosimeters: Tim Solberg

Radiation Machine: \euﬁam 201902 (Vero 1)

Radiation Quality: 6 MV Xerays

Distance from source 1o reference point: 1015 cm

OUTPUT VERIFICATION:
Dute of RIC mewwsred dose »t lmum‘lwwﬁd&ntn Ratlo of abserbed dose determined by RPC to
Lradutxon dmax:* that stated by bestitution: OSLD INST
2GApe 2012 99.6 cOry 10 water 100.0 ¢Gy to water 100

Asseessent witin %5 s cooudered & sanfacioey check

e Ti0s BFORMATION SHOULD BE USED ONLY AS ACHECK
i ANDNOT AS A MACHINE
e CALIBRATION, 00 33 a0 altemative o freqect calfraoa by
1o
b The OSL AAPM TG-51 Dosimetry
.o
£ o 0
B *
2w ; >
e OSLDreadon:  15-May-2012
o OSEDread by:  Sonia Gonzalez
T R TR T T

Checked by: Jessica Lowenstein, M.S.

w\mmduhwwnq}rm"k\\uh ”
The OSLD sacgle. thefore, s s ecertusy of S%4at  ccnbidensce
tevel o Thss

Enanens’ emaduon techaaque

s m A e MDAnderson —
! et LaneerCenter @

g o oy




pro Quality and safety considerations in stereotactic
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Follow accepted guidelines for dose, fractions, constraints, margins, ...
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pro Quality and safety considerations in stereotactic
4 radiosurgery and stereotactic body radiation therapy

Clearly defined protocols and procedures

SBRT PRIMARY NSCL AND LUNG METASTASES

1 Scope

This is a summary clinical guideline for Radiation Oncologists on the use of Stereotactic Body
Radiotherapy Treatment (SBRT) in primary non-small cell lung cancer (NSCLC) and lung
metastases.

2 Responsibility

Radiation Oncology Lead, Lung Cancer

3 Other Relevant Documentation
Intravenous Contrast Administration protocol
Gated Radiotherapy protocol

4 Policy

Surgery and radiotherapy (RT) are potentially curative treatfent options for patients with
early stage primary lung cancer or oligometastatic disease.’ The choice between treatments
should be based on multidisciplinary team discussion and consideration of patient, tumour
and treatment factors.

For early stage non-small cell lung cancer (NSCLC) (Stage); stereotactic body RT (SBRT) is
recommended for patients who are medically inoperable.and who refuse surgery after
thoracic surgery evaluation. SBRT has achieved primary tumour control and overall survival
rates comparable to surgery’ and higher than conventional 3D-conformal RT in non-
randomised and population-based comparisons in medically inoperable or older patients.**
In addition to efficacy, SBRT has the advantage of convenience with less treatment visits
compared to conventional RT, and is well tolerated.

Published results from RTOG 0236 intreatment of medically inoperable T1-2N0 NSCLC
using SBRT (54 Gy in 3 fractions) showed a 3 year primary tumour control rate of 98%."
Long-term results presented.at ASTRO 2014 (median follow up 4 years) showed an
estimated 5 year local control rates of 93%. Five year disease-free and overall survival rates
were 26% and 40%, respectively. Phase Il trials had been initiated to compare SBRT with
surgery but these were closed due to poor accrual (Dutch ROSEL and Cyberknife trial). A
TROG initiated randomised control trial comparing SBRT with conventionally fractionated RT
(CHISEL) is ongoing.  Suitable patients should be considered for this trial.

SBRT is an effective and well tolerated local therapy for patients with limited metastatic
disease within the lung. Local control rates in patients with lung metastases have ranged
from 63-93% using various dose fractionation schemes.”® These results suggest that SBRT
provides similar local control rates to surgical resection; hence SBRT may be an alternative to
surgery in patients with oligometastatic disease.

41 Indications

«  Stage | (T1aand T1b), T2a and selected T2b tumours
« Medically inoperable or patient refusal of surgery.
«  Lung oligometastases (with < 5 systemic metastases).

42 Contrain

ations

«  Concurrent chemotherapy.
. Inability to lie flat for 30-40 minutes.

Develop a rational, approach and

program goals for each disease site.
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5  General Guidelines

5. Preplanning
(deally including a 6 min walk test).

Lung Function Test
Staging PET Scan
Path Report
Contrast CT

Lung Functon Testing. A low FEV1/DLco is not necessarily a reason for exclusion °.
Bronchoscopy report where performed.

Staging FDG-PET scan.

Pathology report confirming mali OR y consensus of

on clnical grounds when attempts to attain pathologic confirmation have failed or
deemed too high risk

«  CTscan with IV contrast

«  Informed consent (chest wall pain, rib fractures, pneumonitis, bronchial
stricture/obstruction, possible decrease in respiratory function longer term, brachial
plexopathy for apical tumours)

lsAz Patient Positioning l
+SUpIe, 4 above e Tead in arm rest and vacuum bag

«  Knees and feet fixed (Combifix).

“Acquisition of a 4DCT scan (with 2.5 mm slices) during quiet regular breathing
(uncoached) of the entire thorax.

«  Should it be difficult to discern a centrally located tumour from the adjacent mediastinal
vessels, the following could be considered:

4D CT
Fused PET

~  Aseparate free-breathing helical CT scan with IV contrast, or
~ Ashort’ (only covering the tumour region) 2nd 4DCT scan with IV contrast (useful if
there is irregular breathing with 4DCT artefacts — see below).
«  Ifbreathing is irregular and 4DCT artefacts involve region of tumour, consider performing
a‘short’ 4DCT (covering the tumour region only)

*  An additional 4DCT scan can'be acquired after 1 or 2 fractions to assess reproducibility if
matching issues are encountered on the treatment unit (e.g. due to atelectasis or
breathing pattern irregularities)

«  Fusion with diagnostic PET scan may be used to aid target volume delineation,
especially in setting of a nearby collapsed lung or effusion.

54 Target Volume Définition

6 lumour 1s contoured on all phases of the respiratory cycle. Contouring should be
performed Using:

Lung Windows
Mediastinal Windows
GTV +IM

«  Lung windows for tumours surrounded by lung parenchyma,
« . Mediastinal windows (for tumours located close to mediastinal structures)

GTV +internal motion (IM) = delineation of the tumour using all respiratory phases (or in the
case of two 4DCT scans, on 2nd short scan).

The Organs at Risk (OARs)

Amongst common OARs:

nloured on the Average Intensity Projection (Ave-IP),

(UR) on CT image
Both lungs
If one tumour on each lung, label

OAR Label Notes Task
Normallung | Ipsi-lung (L/R) | Exclude GTV + IM Radiation Therapist
Contra-lung Exclude fluid and atelectasis visible

OAR Definition

Proximal Proximal Contoured on mediastinal windows
bronchial tree | bronchial tree
Distal 2 cm of trachea, carina, right
and left mainstem bronchi, right and
left upper lobe bronchi, intermedius
bronchus, right middle lobe
bronchus, lingular'.

(Refer Appendix 1).

Radiation Therapist

Verified by
Radiation
Oncologist

Extend a minimum of 1.2 cm above
and below PTV'? and entrances of
non-coplanar beams. Include
intercostal muscles and rib.
Exclude skin, anterior vertebral
body, mediastinal soft issue.

Oesophagus | Oesophagus | Contoured on mediastinal windows | Radiation Therapist
From cricoid level togasto~ Verified by
oesophageal junction Radiation

Oncologist

Spinal cord | Spinal canal Within bony fimits of spinal canal | Radiation Therapist
Superfor-inferior extent of CT
dataset.

Ribs and Chest wall Can be auto-segmented from Radiation Therapist

chest wall corrected lung edges with 2 cm
expansion in outer axial
dimensions.

Skin Skin 0.5 cm from body surface

Radiation Therapist

Ofher structures (on case by case basis) - great vessels, heart, subsections of airways,

brachial plexus, stomach, liver.

PTV= (GTV+IM) +5 mm

5  Treatment Planning
@ Ave-IP, using 8-

aon A
prescr\bed lo the 80% covenng isodose line and ensured that this cove
The max dose will not exceed 140% of the prescription dose.

The fractionation and total dose for stereotactic radiotherapy depend on tumour features and

surrounding organs at risk. (See 5.6 Dose Fractionation Schedules).

anar beams. Treatment is
9 e PTV.

Treatment Planning
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56  Dose Fractionation Schedules "“]using a Type B dose algorithm calculation)

Primary lung cancers and pulmonary metastases

No x fraction size = Treatment

- - BED
Tumour sizellocation total dose duration (aBo Gy)

Maintain interval of

Dose Fractionation Schedules Tumour <3em 3x180r=%0y | Doy | 1512

between fractions

i Tumour < 3 om broad 5x 11 Gy =55Gy
S 1z& contact with thoracic wall @ 80% isodose 2weaks 1155

i 5x11 Gy = 55 Gy
Location Tumaur>3omand <7am | 5 HOI= 3G P T

Central tumour
1 1 eg. adjacent to pericardium, 8x7.5Gy =60 Gy
Prima ry/M etastatic hilum, brachial plexus, @ 80% isodose 2.5 weeks, J 2

stomach

Other dose fractionations for pi y
Tumour size No. x fraction size =total dose BED

(B0 Gy)
Pulmonary metastases < 2.5 cm @ go’f,/f;‘s;"m 1496
Pulmonary metastases > 2.5 cm & wf/a ’i‘slzfs’;f;gaeeks 1512

57  Dose Constraints to Organs At Risk (OAR) ]

g
Several publications/clinical trial protocols have suggested these lung dose constraints based

on various dose fractionation:

Dose constraints Dose prescription used End point Ref
V20 <10% Median dose 60 Gy in 3 9.4% grade 2-4 pneumonitis |
fractions to 80% isodose line
(24-72 Gy in 3-5 fractions)
. Ipsilateral MLD. 50 Gy in 4 fractions 1.5% grade 2-3 pneumonitis |
OAR Constra|nts <9.106y. (to 75-90% isodose lines)
Contralateral MLD | 54 Gy in 3 fractions IfITV <145 cm®: k
<360y 55 Gy in 5 fractions 2% grade 2 3 pneumonitis;
60 Gy in 8-12 fractions
60 Gy in 12 fractions IfITV > 145 cm’:
(all to 80% isodose line) 29% grade > 3
Chest wall

For tumours within 25 mm of the chest walll, the incidence of chest wall toxicities when using
risk adapted dose-fractionation (60 Gy in 3-8 fractions)”:

« Any chest wall pain 12%

«  Grade 3 chest wall pain (severe, limiting self-care) 2.3%

« Rib fractures 1.9%

Dose constraints Endpoint Ref
Chest wall (2 cm expansion - see OAR definition): | <20% of grade = 2 chestwall |
V30 <70 cm® pain
Individual rib: 0% risk of rib fracture ™ .
Daen’ < 3% 7 Gy = 21 Gy (in 3 fractions)
Individual rib: 5% risk of rib fracture ™ More OAR ConStra ints
Dzen’ <3 %9.1 Gy = 27.3 Gy (in 3 fractions)
Individual rib: 50% risk of b fracture "
Dyen’ < 3 X 16.6 Gy = 49.8 Gy (in 3 fractions)

Dose constraints of other OAR based on prescribed dose

. Dose constraints based on prescribed dose N\o..
AR Volume | 54Gyin3 | 55Gyin5 | 60Gyin8
fractions'’ fractions' fractions
Spinal cord Max 18 Gy 256y 326y | 36486y
(alp=2)
Oesophagus Max 276y 325Gy 206y 66 Gy
(aB=3)
Brachial plexus | Max 246y 30 Gy 6y 54 Gy
(a/p =3)
Heart Max 306y 395 Gy Gy 786y
(al=3)
Trachealmain Max 306y 375Gy 4Gy 78 Gy
bronchus
(a/B=3)

* If PTV shows overlap with heartitrachealmain bronchus do not make a dose concession to
the PTV, rather chose an appropriate dose/ fractionation scheme.

58  Gating

Gated treatment delivery shotild'be considered:

« For mobile tumours when substantial tumour motion exists (eg. >1.5 cm motion).

«  In patients with exceptionally poor lung function.

«  Whenclinically meaningful gain in normal tissue sparing can be achieved in terms of
V20, mean lung dose and V5 for the lung.

Gated treatment delivery takes more time, induces more set up inaccuracies, and requires

more QA. The patient’s ability to complete gated treatment must be balanced against the
expectediclinical benefit. Refer to Gated Radiotherapy protocol.

59 Intensity i (IMRT) and
IMRT and HybridArc can be utiised, if appropriate.

510  Treatment Review
See patient at least once during treatment. Consider premedication in case of ongoing
coughing interfering with treatment, .g. Pholcodine Linctus 1 mg/m, 10-15 mg 1-2 hrs before
treatment.
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| Follow Up

512

, 6, 9 and 12 months, 18 months, 24 months, then yearly.

VoW

Idea\ly 7 scan preceding visits at 3, 6, 9, 12, 18, 24 months and then yearly (ireatment

evaluation and research).

«  Assess symptoms and grade based on CTCAE version 4 (chest wall pain, coughing,
shortness of breath compared to pre-treatment). See Appendix

« Quality of Life questionnaire EORTC-QLQ-C30 version 3.0 and QLQ-LC13 (patient can
complete them prior to visit or while waiting or after the clinic).

«  Lung function ideally tested (6 monthly).

CHISEL Study

Refer to study protocol for eligibility criteria and detais.

(H:\SHARED\General\Trials\CURRENT OPEN CLINICAL TRIALS\CHISEL)

6
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Appendix 2 - CTCAE Version 4
Grade 1 2 3 4 5 Grade 1 2 3 4 5
Fatigue: Faligue relieved | Fatigue not o not B - Tracheal fistula: | Asymplomatic; ‘Symplomatic; lube | Severs symploms; | Life-threatening | Dealh
characterized by a | by rest relieved by rest; relieved by rest, char ed by clinical or thoracostomy or limiting self care ‘consequences;
state of limiting limiting self care an abnormal diagnostic medical sendoscopic | urgent operative
Generalzed insirumental ADL | ADL Gommunication | observatons only; | mevention oroporaiive ntvenon
Weainoss wih a between the ntervonton not | iclcated: it | Intevention ndicated (0.3
pronounced trachea and indicated instrumental ADL indicated (e.g., thoracoplasty,
nabiny 0 anothe organ o sten o pimary | chronic open
summon suficlent anatomic ste Gosurs) Grainage or
energyto ity
accomplih daly
acivites.
Bronchial fistala Tomaic: wbe T beath
characterized by clinical or thoracostomy or limiting self care nsequences;
ol dagrostc medical ADL endosopic. | wfentoperaie
‘communication observations only; | management or operative intervention with
Fetweon the ntorvonion pot | indicatoe Imiting | Inerventi iotacaplasy,
bronchus and indicated instrumental ADL | indicated (e.g., chronic.open
anciher organ or stenor prmaNy, | drainadeg?
anatorioste Sosure) malip
thoracotomies
indicated
Bronchial Aoy, | Syt oo, | S Lo reatoring | Death
stricture: clinical or rhonchi or breath wllh stndﬂn respiratory or
Charactarzod by a | dsgpostc wheezig) bt | B emodymamc
narmowing i tha | observatins only; | wihout respatonye | Ilerventon compromise;
Bronchialtube, | imervenion not | | disress: medical” "|\indialed (66.. | inubstion or
ndicated interveiiory loser sent urgent intenventon
indicated (o 0%, /| Pacsment) indicated
stroigd,
Pleural effusion: tomati ympt T Death
characterized by clinical or intervention respiratory respiratory or
daghostic indicited (2.g.% | distress and hemoaynamic
amounts of d | observatons onl{"dlurelcs o imted | hypona: surical | compromise:
il the ploural | imerventon pol. |nerapeute imerventon nubator
cavit indicated thoracentesis) including chest urgent intervention
nclude shoness ingeated
of breath, cough pleurodesis
and marked chest haicated
discomfort.
- fomai 0 Death
characterized by clinical or medical limiting self care respiratory
ntammaton  \\gisthesi inervanion ADL: ooygen | comprome;
focally or diffusely. | observations only; | indicated; limiting indicated urgent intervention
aecing he g "|iteiventon not | insirumental ADL indcated o
Barenchyma, | indcated racheolomy or
intabation)
Chest wall pain: Mild pain Moderate pain; Severe pain; - -
charablagzed by ming iming sl care
marked discomfort instrumental ADL ADL
Sensaton e
chest wall region.
Pulmonary WG poieri | adete Sovere Ui eatoring | Death
i dol xomi; o consequences
charactrzed by | pumonary s | ol of cvdence oiright: | (09
the replacement of | <25% of luny pulmonary sided heart failure; | hemodynamic/pul
thelungtssuaty | volume Vperenaior; | radegraphic | monary
connective tissue, radiographic pulmonary fibrosis | complications);
leading to pulmonary fbrosis | S50 75% ntubation wih
progressive 25-50% ventilatory support
ysprea, i
respiratory failure. radiographic
origh h Puminary Trosis
failure. >75% with severe
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Checklists, checklists, checklists.......




pro Quality and safety considerations in stereotactic
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Patient Specific Pre-treatment QA

Do we need Pre-Treatment Measurements?

Horizontal

Dose (%)

Dose (%)

-100 -50 0 50 100
Y (mm)
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Do we need Pre-Treatment Measurements? Isodoses -

00

X {mm)

Temperature (°C) 21.80

Pressure (mmHgq) 751.50

Planned Dose (Gy) 12.120
Measured Dose (Gy) 12.032 g
Difference (%) -0.72 i

SBRT is rapidly changing the practice of radiation oncology
and management of cancer

Doing so requires a systematic approach to clinical practice
and technology

complete diligence on the part of both physicians and
physicists

and adherence to a culture of safety on the part of all
stakeholders

-

Thank you from Philadelphia
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