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Pexs

ASTRO™ slpgioy b shas 10 syl ) Cavgn

Treated Organ

Recommended

Consider

Central Nervous System

Brain

Brain, Brainstem, Eye L/R,
Lens_L/R, OpticChiasm,
OpticNrv_L/R, SpinalCord

A _Carotid, Cochlea,
GInd_Lacrimal, Hippocampus_L/R,
Pituitary, Scalp

Spine - Cervical

Brainstem, Esophagus, Spinal Cord

Bone_Mandible, BrachialPlex_L/R,
Cavity Oral, GInd_Submand,
GInd_Thyroid, Larynx,
Oropharynx, Parotid_L/R, Trachea

Spine - Thoracic

Esophagus, Heart, Lung_L/R,
Lungs, Spinal Cord

Bowel_Large, Bowel_Small,
Kidney L/R, Liver, Stomach

Spine - Lumbar

Cauda Equina, Kidney_L/R,
Kidneys, SpinalCord

Bowel_Small, Bowel_Large, Liver,
Stomach

Spine - Sacral Cauda Equina Bladder, Bowel_Large,
Bowel_Small, Colon_Sigmoid,
Genitals, Ovary, Rectum,
SacralPlex, Testis L/R

Craniospinal Brain, Brainstem, Cochlea, Bladder, Bowel_Large,

Esophagus, Eye L/R, Heart,
Kidney_ L/R, Kidneys, Lens_L/R,
Lung L/R, Lungs, OpticChiasm,
OpticNrv_L/R, Pituitary,
SpinalCord

Bowel_Small, Breast_L/R,
Genitals, GInd_Thyroid, Liver,
Ovary, Rectum, Stomach,
Testis_L/R

Head and Neck

Face, Parotid

Bone_Mandible, Brainstem,
Eye L/R, Lens L/R, Lips,
Parotid_L/R, SpinalCord

Cavity_Oral, Cochlea,

GInd_Lacrimal_L/R,

GInd_Submand_L/R,

Joint_TM_L/R, Lobe_Temporal
L/R

Orbit Brain, Brainstem, Eye L/R, Cochlea_L/R, Lobe_Temporal
GInd_Lacrimal_L/R, Lens_L/R, _L/R, Parotid_L/R, Pituitary,
OpticChiasm, OpticNrv_L/R Retina

Sinonasal Brain, Brainstem, Cochlea, Bone_Mandible, Cavity_Oral,
Eye L/R, Lens_L/R, OpticChiasm, | GInd_Lacrimal_L/R,
OpticNrv_L/R, Parotid_L/R, GInd_Submand_L/R,
SpinalCord Lobe Temporal L/R, Pituitary

Nasopharynx Bone_Mandible, BrachialPlex_L/R, | GInd_Thyroid, Lips,

Brain, Brainstem, Cavity Oral,
Cochlea_L/R, Esophagus,

Eye L/R, GInd_Submand_L/R,
Larynx, Lens_L/R, Lobe_Temporal
_L/R, OpticChiasm, OpticNrv_L/R,
Parotid_L/R, SpinalCord

Musc_Constrict, Pituitary

¥ Standardizing Normal Tissue Contouring for Radiation Therapy Treatment Planning: An ASTRO Consensus

Paper
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Oropharynx

Bone_Mandible, Brainstem,
Cavity_Oral, Esophagus,
GInd_Submand_L/R, Larynx, Lips,
Parotid_L/R, SpinalCord

BrachialPlex_L/R, Cochlea_L/R,
Eye L/R, GInd_Thyroid,
Lens_L/R, Musc_Constrict,
OpticChiasm, OpticNrv_L/R

Larynx (except early stage*),
Hypopharynx, Thyroid or Cervical
Esophagus

Bone_Mandible, BrachialPlex_L/R,
Brainstem, Cavity_Oral,
GInd_Submand_L/R, Parotid_L/R,
*SpinalCord

Esophagus, GInd_Thyroid, Heart,
Lips, Lung_L/R, Lungs,
Musc_Constrict

Elective or Definitive Neck

Bone_Mandible, Brainstem,
Cavity Oral, GInd_Submand_L/R,
Parotid_L/R, SpinalCord

BrachialPlex_L/R, Cochlea_L/R,
Esophagus, GInd_Thyroid, Larynx,
Lips, Musc_Constrict

Thoracic

Breast/Chestwall

Heart, Lung_L/R

A_LAD, BrachialPlex_L/R, Breast
(contralateral), Lungs, Ribs,
Ventricle_L

Supraclavicular Fossa

Lung_L/R, SpinalCord

BrachialPlex_L/R, Esophagus,
GInd_Thyroid, Lungs

Axilla Heart, Lung_L/R, SpinalCord BrachialPlex_L/R, Esophagus,
GInd_Thyroid, Lungs
Lung Esophagus, Heart, Lung_L/R, A_LAD, BrachialPlex_L/R,

Lungs, SpinalCord

Bronchus_L/R, Bronchus_Main,
Chestwall_L/R, GreatVes, Liver,
Stomach, Trachea

Mediastinum/Thymus

Esophagus, Heart, Lung_L/R,
Lungs, SpinalCord

A_LAD, Bronchus_Main, Trachea

Esophagus

Esophagus, Heart, Lung_L/R,
Lungs, SpinalCord, Stomach

Kidney_L/R, Kidneys, Larynx,
Liver

Abdominal

Lower Esophagus/
Gastroesophageal Junction

Bowel_Small, Esophagus, Heart,
Kidney_L/R, Kidneys, Liver,
Lungs_L/R, Lungs, SpinalCord,
Stomach

Bowel_Large

Spleen Heart, Kidney_L, Lung_L, Bowel_Large, Bowel_Small,

SpinalCord, Stomach Kidney R, Kidneys, Lung_R,
Lungs

Stomach Bowel_Small, Esophagus, Heart, Bowel_Large
Kidney L/R, Kidneys, Liver,
Lung_L/R, Lungs, SpinalCord

Pancreas Bowel_Small, Duodenum, A Aorta, Bowel _Large,
Kidney_L/R, Kidneys, Liver, V_Venacava_l,
SpinalCord, Stomach

Liver Bowel_Large, Bowel_Small, BileDuct_Common, Chestwall,

Duodenum, Kidney L/R, Liver,
SpinalCord, Lung_R

Esophagus, GallBladder, Heart,
Kidneys, Lung_L, Lungs, Stomach,
V_Venacava_|

Renal/Adrenal

Bowel_Large, Bowel_Small,
CaudaEquina, Kidney_L/R,
Kidneys, SpinalCord

Liver (Rt), Spleen (Lt), Stomach
(LY)

Retroperitoneal Space

Bowel_Large, Bowel _Small,
Kidney L/R, Kidneys, Liver,
SpinalCord

Stomach

Paraaortic

Bowel_Small, Kidney L/R,
Kidneys, SpinalCord

Bowel_Large, CaudaEquina,
Duodenum, Liver, Stomach
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Pelvic

Bladder

Bowel_Small, Colon_Sigmoid,
Femur_Head L/R, Rectum

Bladder, BoneMarrow,
Bowel Large, Prostate

Cervix/Uterus/Vagina/Vulva

Bladder, Bowel_Small,
Colon_Sigmoid, Femur_Head L/R,
Rectum

BoneMarrow, Bowel_Large,
Kidney L/R, Kidneys, Ovaries

Prostate Bladder, Femur_Head L/R, Bowel_Large, Bowel _Small,
PenileBulb, Rectum Colon_Sigmoid

Rectum Bladder, Bowel_Small, BoneMarrow, Bowel_Large,
Femur Head L/R Genitals, Vagina

Anus Bladder, Bowel_Small, BoneMarrow, Bowel_Large,

Femur Head L/R, Rectum

Genitals, Vagina

Extremities

All extremities

Skin

| BoneMarrow
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Table 2.1. Prescription dose spillage requirement for lung and non-lung sites

Vol (100%) / PTV V100%
VRl () Target Tolerance Minor Dev
<20 1.20 <1.25 1.25-1.40
20 - 40 1.10 <1.20 1.20-1.30
> 40 1.10 <1.15 1.15-120

Table 2.2. Modified Gradient Index and other requirement for lung site

Lung-GTV Max dose > 2cm
Vol(PTV) VIEREEHE) P Al V20 (%) 3 fractions | 5-8 fractions

(cc) Target Tolerance dM_lnqr Tolerance Tolerance M_mqr
eviation deviation
<20 7 9 9-11 <5 <35.1 Gy <35.8 Gy
20-40 55 6.5 6.5-7.5 <6 <37.8 Gy <35.8 Gy
40-60 5 6 6-7 <10 <37.8 Gy <35.8 Gy
60-90 4 5 5-7 <10 <37.8 Gy <35.8 Gy
>90 4 4.5 4.5-6.5 <10 <37.8 Gy <35.8 Gy

Table 2.3. Modified Gradient Index requirements for non-lung site

Vol(50%) / PTV V100%

Vol(PTV) (cc) Target Tolerance Minor deviation
<20 5.5 7.5 7.5-9.5
20-40 4.5 6.0 6.0-7.5
>40 4.5 55 5.5-6.5
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Table 3.1. Summary of published QA recommendations for SBRT and SBRT-related techniques.

Purpose Proposed test Reported achievable tolerance  Proposed frequency
End-to-end localization ~ Stereo x ray/DRR fusion 1.0 to 1.2 mm root mean square  Initial commissioning
accuracy and annually thereafter
Intljafr.a.ctlon targeting Stereo x ray/DRR fusion v MM average, 3 Daily (during treatment)
variability maximum
End-to-end localization ~ Hidden target (using stereo x Initial commissioning
: 0.41+0.92 mm

accuracy ray/DRR fusion) and annually thereafter
End-to-end localization ~ Hidden target (using 0.28+0.36 mm Initial commissioning
accuracy implanted fiducials) T and annually thereafter
End-to-end localization Dosimetric assessment of Initial commissionin

hidden target (using implanted  0.68+£0.29 mm g
accuracy S and annually thereafter

fiducials)

. Constancy comparison to MV Baseline at

CEC T madienes] imaging isocenter 0.50+0.5 mm commissioning

stability

(Using hidden targets)

and monthly thereafter

Overall positioning
accuracy,

including image
registration
(Frame-based systems)

Winston-Lutz test modified to
make use of the in-room
imaging systems

<2 mm for multiple couch
angles

Initial commissioning
and monthly thereafter

MLC accuracy

Light field, radiographic film,
or EPID

<0.5 mm (especially for IMRT
delivery)

Annually

End-to-end localization

Hidden target in

Initial commissioning

accuracy anthropomorphic phantom 1.100.42 mm and annually thereafter
Respiratory motion . .

tracking and gating ;T)i?é?]ms it ey el N/A N/A

in4D CT

CBCT geometric _Portal Image vs CBCT image +2 mm daily

accuracy isocenter coincidence
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Table 3.2. Minimum SRS-SBRT relevant equipment QA and tolerances for C-arm linac systems.

Frequency Test Tolerance

Laser localization — only if using SRS techniques relying on lasers 1 mm

for target localization (e.g., frame-based SRS without X-ray IGRT)

Collimator size indicator for clinically relevant aperture 2 mm total

Radiation isocentricity test (limited gantry and 1.0 mm SRS, 1.5 mm

Daily couc.h positions) — maximum deviation in center of target object SBRT

relative to each projection’s beam central axis

IGRT positioning/repositioning 1 mm SRS, 2 mm SBRT

Imaging subsystem interlocks Functional

Stereotactic interlocks — cone size, backup jaws Functional

Accelerator output constancy +3%

Radiation isocentricity test — covering complete range of gantry, 1.0 mm SRS, 1.5 mm

couch, collimator positions used clinically — maximum deviation in SBRT

center of target object relative to each projection’s beam central axis

Monthly *Note: If both MLC and fixed conical collimators are used, both must

be evaluated at least monthly

Treatment couch position indicators: relative over 1 mm/0.5°

the maximum clinical range

Output constancy at relevant dose rates 2%

SRS arc rotation mode (if used clinically) 1 MU, 1°

MU linearity (>5 MU to highest MU used clinically) +2%

Accelerator output +1.5%

Coincidence of radiation and mechanical isocenter 1.0 mm maximum 3-D
displacement from center
of target object

Annually Verification of small-field beam data — relative output +2% from baseline for

factors for cones and/or MLC

>1.0 cm apertures,
+5% from baseline for
<1.0 cm apertures

E2E localization assessment “hidden target test” using
SRS frame and/or IGRT system

1.0 mm

E2E dosimetric evaluation using SRS frame and/or IGRT system

+5% measured vs.
calculated

Tolerances are absolute accuracy, not variation from baseline, unless otherwise stated.
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Table 3.3. Minimum equipment QA and tolerances for robotic linac systems.

Frequency Test Tolerance
Head laser alignment check 1.0 mm
Safety interlocks Functional
Daily" Automatic QA (AQA) test™ Total targeting <1.0 mm from baseline, not
exceeding
manufacturer’s specification
Accelerator output constancy +3%
Energy constancy 2%
Beam symmetry, relative +3% for 40 mm field, £4% for 60 mm field
Accelerator output constancy 2%
Monthly Imager alignment 1 mm or center pixels £2 pixels
Iris™ field size spot check (3 or more field sizes >10 0.5 mm
mm)
Picket fence for MLC (if applicable) Visual check
Quarterly E2E Iocaliz_ation assessment. _ 1.0 mm static target, 1.5 mm motion
(Each tracking mode used clinically) tracking
Emergency Power Off (EPO) button, safety Functional
interlocks
Accelerator output +2.0%
MU linearity (>10 MU to highest MU used +2%
clinically)
Path verification <0.5 mm maximum per node, <0.3 mm
average
Annually Imager kVp accuracy, mA station exposure linearity,  +10%, £20%, and 1 mm, respectively

isopost alignment with center pixel

Beam laser and radiation beam alignment for cone,
Iris™, and MLC

0.5 mm from baseline

AQA baseline

Recheck AQA baseline

Beam data verification — Relative output factors for
cones,

Iris™, and/or MLC covering the range used
clinically

+2% from baseline for >1.0 cm apertures,
5% from
baseline for <1.0 cm apertures

*On days of clinical use
**|f the clinic has both fixed cones and IrisTM collimator, the AQA test should alternate between fixed cones and Iris™, with each system tested

at least weekly
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Table 3.4. Minimum SBRT relevant equipment QA and tolerances for helical tomotherapy

systems.

Frequency Test Tolerance
Red laser initialization (congruence with 1 mm
green laser)

. Image/laser coordinate coincidence 1 mm

Daily ——— -
Image registration/alignment 1 mm
Accelerator output constancy (rotational +3%
or static)
Transverse beam profile 1% average difference in field core
Longitudinal beam profile (each slice 1% of slice width FWHM
width)
Output constancy and rotational output +2%

Monthly variation
Beam quality constancy +1% PDD10 or TMR?yg
Red and green laser alignment 1 mm
Couch positioning accuracy 1 mm
CT dimensional accuracy 1 mm
Couch speed uniformity +2% dose nonuniformity
Couch translation per gantry rotation 1 mm per 5 cm
Accelerator output +1.5%
Beam quality (each slice width) +1% PDDjo or TMR%4
Verification of small-field beam data +2% from baseline for >1.0 cm apertures, +5% from

Annually baseline for <1.0 cm apertures

CT imaging — treatment — laser 1.0 mm
coordinate coincidence
E2E localization assessment “hidden 1.0 mm

target test”

E2E dosimetric evaluation

+5% measured vs. calculated

SRS is not included in the scope of this document for helical tomotherapy.
Tolerances are absolute accuracy, not variation from baseline, unless otherwise stated.
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Frequency Test Tolerance
Weekly (IMRT | i.e., matched segments (Qualitative test Visual inspection for discernable deviations such
machines) aka “picket fence”) as an increase in interleaf transmission
Backup diaphragm settings (Elekta only) | 2 mm
Travel speed (IMRT) Loss of leaf speed > 0.5 cm/ s
Monthly Leaf position accuracy (IMRT) 1 mm for leaf positions of an IMRT field for four
cardinal gantry angles. (Picket fence test may be
used; test depends on clinical planning-segment
size)
MLC transmission (average of leaf and +0.5% from baseline
interleaf Transmission), all energies
Leaf position repeatability +1.0 mm
C spoke shot* ML <1.0 mm radius
Annually Coincidence of light field and x-ray field | £2.0 mm

(all energies)

Segmental IMRT (step and shoot) test

<0.35 cm max. error RMS, 95% of error counts
<0.35cm

Moving window IMRT (four cardinal
gantry angles)

<0.35 cm max. error RMS, 95% of error counts
<0.35cm
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Equipment Frequency | Test Tolerance
Planar kV and MV | Daily Collision interlocks Functional
(EPID) imaging . ——— ——
Daily Positioning/repositioning <2mm
Daily Imaging and treatment coordinate coincidence (Single gantry angle) <2 mm
Cone-beam CT Daily Collision interlocks Functional
(kV and MV) . : . ——
Daily Imaging and treatment coordinate coincidence <2 mm
Daily Positioning/repositioning <1 mm
Planar MV Monthly Imaging and treatment coordinate coincidence <2mm
imaging (EPID) .
(four cardinal angles)
Monthly Scaling <2mm
Monthly Spatial resolution Baseline
Monthly Contrast Baseline
Monthly Uniformity and noise Baseline
Planar kV imaging | Monthly Imaging and treatment coordinate coincidence (four cardinal angles) <2 mm
Monthly Scaling <2mm
Monthly Spatial resolution Baseline
Monthly Contrast Baseline
Monthly Uniformity and noise Baseline
Cone-beam CT Monthly Geometric distortion <2mm
(kV and MV) _ _ _
Monthly Spatial resolution Baseline
Monthly Contrast Baseline
Monthly HU constancy Baseline
Monthly Uniformity and noise Baseline
Planar MV Annual Full range of travel SDD 5 mm
imaging (EPID) _ _
Annual Imaging dose Baseline
Planar kV imaging | Annual Beam quality/energy Baseline
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Annual Imaging dose

Baseline

Cone-beam CT
(kV and MV)

Annual Imaging dose

Baseline
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Table 4.1. Essential planning aspects for an SBRT or SRS program.

Recommendations

Duration or frequency

1. Establish clinical program goals, specify disease sites, identify program

specialists, develop protocols for treatment, follow-up, and assessment. Initially

2. ldentify required resources: expertise, personnel, technology, time. Initially, and for each new
technology or disease site.

3. Perform technology assessment commensurate with clinical goals; | Initially, and for each new

identify equipment and processes for simulation, immobilization, image | technology or disease site.

guidance, treatment planning, motion management, treatment delivery.

4. Perform assessment of staffing levels, develop processes for initial and | Initially, and for each new

ongoing training of all program staff and evaluation of proficiency.

technology or disease site; assessed
when changes occur (eg, patient
volume and other new modalities/
technologies that compete for
existing resources).

5. Develop and use documented routines/checklists for SRS/SBRT
processes.

Initially, for each new technology or
disease

site; ongoing for quality assurance
purposes.

6. Establish a culture of safety and promote an environment fostering clear
and open communication. Provide documentation to support SRS/SBRT
processes.

Ongoing

7. Develop quality assurance processes that encompass all clinical and
technical SBRT program aspects, clearly following available guidance,
regarding procedures and tolerances.

Initially, for each new technology or
disease site; ongoing for quality
assurance purposes.

8. Conduct clinical patient conferences/meetings/rounds for pretreatment
planning and posttreatment review in an interdisciplinary/multidisciplinary
setting.

Ongoing

9. Establish standard protocols for pretreatment imaging:

_ For SBRT, a CT simulation slice thickness of <2 mm is recommended; 4-
D simulation should be considered for any treatment site where internal
motion is a possibility.

_ For SRS, pretreatment MRI slice thickness should be 1 mm and time from
MRI to SRS treatment start date should be minimized, but not exceed 14
days. Standard sequences and contrast dosing techniques should be
established for common clinical scenarios (eg, brain metastases,
meningioma, trigeminal neuralgia, AVM).

Initially

10. Establish specific SRS/SBRT treatment planning protocols:

_ Develop planning objectives and evaluation criteria.

_ Use appropriate calculation algorithm for specific site eg, avoid pencil
beam for lung.

_ Use smallest possible calculation grid size for all SRS and SBRT.

Ongoing

11. Develop processes for documentation and reporting, peer review,
regular review of processes and procedures, updating protocols and
recommendations, ongoing needs assessment, and continuous quality
improvement into SRS/SBRT processes.

Ongoing
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Abbreviations: 4-D = 4-dimensional; AVM = arteriovenous malformation; CT = computed tomography; MRI = magnetic resonance imaging;

SBRT = stereotactic body radiation therapy; SRS = stereotactic radiosurgery.

Table 4.2. Personnel qualifications of a stereotactic program.

Personnel requirements

Duration or frequency

1. All personnel must demonstrate initial attainment of knowledge and
competence in their respective discipline through graduation from an
approved educational program, board certification and licensure as
appropriate.

Initially

2. All personnel must receive equipment-specific training before
involvement in an SRS/SBRT program. This may involve multiple vendors,
including device

manufacturers in addition to imaging systems. Training can be done by
existing trained staff in established programs.

Initially, and ongoing with any
upgrade or update to equipment or
software.

3. All personnel must receive disease-site-specific training before
involvement in a stereotactic program. This can be done by existing trained
staff in established

programs.Additionally, clinical cases should be observed under direct
supervision before independently performing any new procedure.

Varies based on staff member
profession, case load complexity
and

treatment modality.

4. All personnel must maintain their skills through continuing professional
development. This can be done by peer review or completion of CME
accredited SRS/SBRT activities.

Ongoing

5. There must be adequate resources in place to meet the demands of the
stereotactic program with sufficient staff. Staff must have sufficient time to
carry out the

necessary tasks without undue pressure.

Ongoing

6. Job description and list of responsibilities should be clearly delineated in
writing for all stereotactic program individuals.

Initially

7. Other non-radiation oncology specialists can lend expertise in the area of
target delineation for SBRT, given a deep understanding of knowledge in
the anatomy of various body sites, eg, specialists include neurosurgeons,
pulmonologists, hepatologists, and oncologic surgeons.

Ongoing

Abbreviations: CME = continuing medical education; SBRT = stereotactic body radiation therapy; SRS = stereotactic radiosurgery.
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