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Radiation Therapy Section Template for NRG (Lung) SBRT Protocols

Note to Reader: This document has been designed to serve as a template for the radiation therapy
section (typically section 5.2, although this is subject to change) for NRG SBRT protocols in the lung.
However, it may be adapted to fit other SBRT sites, as deemed appropriate by NRG study chairs. This
template is meant to serve two purposes (1) to provide NRG institutions with the information they need
to perform protocol treatment safely and effectively, regardless of experience with the given technique
and (2) to serve as a quick reference for sites experienced with the protocol and wanting to find
information regarding the protocol details for patients on trial. As such, this template includes important
text to explain the protocol procedures in detail as well as “quick reference” tables that summarize the
information in the text. Physicians, physicists, dosimetrists, and other staff involved with protocol
treatment should review the entire protocol in detail prior to benchmarking and enrollment. This
template was designed for lung SBRT, as part of the mission from lung and SBRT work group, NRG
medical physics committee, Center for Innovation in Radiation Oncology (CIRO). Please note that both
photon and proton therapy are covered in this template. Wording specific to protons is highlighted in
blue for ease of removal.

Instructions for Protocol Pls: Yellow highlighted text indicates areas that are either notes to the
protocol PIs or sections that should be edited to be protocol specific. Ensure that any tumor size
limitations for protons or charged particle therapies are included in the patient selection criteria. The PI
should also consider whether to exclude patients with implanted cardiac devices from receiving proton
therapy.

5.2 Radiation Therapy

Stereotactic body radiation therapy (SBRT), also known as stereotactic ablative radiotherapy (SAbR),
is a treatment strategy used to deliver highly focused and accurate radiation dose to demarcated targets
outside of the brain where the entire course of therapy for an individual target is delivered in a few
fractions (<5, oligofractionation). The definition of SBRT and its appropriate conduct have been
extensively reviewed by several professional radiotherapy societies. For this protocol, the ACR/ASTRO
consensus definition of SBRT and the related conduct guidelines for SBRT, along with guidelines from
the AAPM Task Group 101, will be used. When and if there is a discrepancy between these professional
society guidelines and this protocol, this protocol should be followed.

Radiation Therapy Schema

**INSERT PROTOCOL SPECIFIC FIGURE DETAILING THE SCHEMA WITH RELEVANT RT
INFORMATION AND TIMELINE**



5.2.1 Treatment Technology Requirements
SBRT is a highly focused technique requiring many facets of modern technology in order to safely treat
patients with large fractions of highly conformal doses. To successfully treat an SBRT patient, centers
must satisfy a set of minimum technology requirements as well as use appropriate modalities for

treatment.

General treatment technology requirements for SBRT are given in Table 5.2.1A. Questions regarding
appropriate technology for this protocol can be directed to the protocol PI or medical physics co-chair.

Table 5.2.1A Quick Reference Summary of Treatment Technology Requirements

Technology Requirement Comments
Beam Modality MYV Photons Standard c-arm linacs and specialty equipment are
allowed.
Protons
Beam Energy Photons: 1 to 10 MV;>10-18 MV may be Minimize use of high energy photons in lung.
used in selected cases with >10 cm from skin
to target so long as > 50 % of target dose is
delivered by beams with energy <10 MV;
Flattened and non-flattened beams are
acceptable if credentialed.
Treatment Photons: 3DCRT (static, arc) or intensity- Photons: Tomographic and robotic techniques are
Technique modulated techniques (IMRT, VMAT). allowed.
Protons: Passive scattering, uniform
scanning, or pencil beam scanning proton
therapy. Proton arc therapy when available.
Image Treatment Machine must be equipped to Volumetric imaging to visualize soft tissue.
Guidance provide daily CBCT, kV or MV image For photons, kV imaging with fiducial or target
guidance. The minimum requirements for tracking is acceptable.

image guidance are given in Section 5.2.10.

5.2.2 Simulation
Proper immobilization and assessment and, if necessary, management of internal motion are essential
for SBRT treatment. Quick reference guidelines for simulation are given in Table 5.2.2A with additional

details below.

Table 5.2.2A Quick Reference Summary of General Simulation Guidelines

Topic/Parameter  Guideline

Immobilization Proper immobilization with appropriate clinical devices to ensure reproducibility is required.
Patient comfort should be prioritized.

Motion Ascertain the characteristics of target (and normal tissue) motion with regard to magnitude

Assessment (amplitude), timing (period), and regularity to determine the need for, and success of motion

Motion Control

control. This is carried out both in simulation and treatment using real time monitoring (e.g.,
fluoroscopy, 4D CT, marker tracking, etc.)

Typical motion control maneuvers include an internal gross target volume (IGTV) approach,
gating, breath hold, and tracking, but others may be applicable. Abdominal compression may be
used in combination with these but is typically used with the IGTV method. Recommended in
cases where the extent of motion quantified on motion assessment exceeds **INSERT
PROTOCOL SPECIFIC LIMIT HERE** For photon treatments, typical recommendations are that
motion control be strongly considered when the GTV excursion is more than 1 cm in any direction
Depending on the dose and body site, different recommendation may be appropriate per protocol.
Motion management mandates, as opposed to recommendations, may limit study accrual and
should be considered accordingly.




For proton treatments, if motion after mitigation still exceeds 1 cm, consider options for treating
with photons and appropriate management. Proton therapy immobilization should also be
scrutinized to ensure beam paths through the body are reproducible and the immobilization device
itself does not impede the beam path.

CT Slice 2 mm or less is recommended. No more than 3 mm shall be used. PTV size should be taken into

Thickness consideration when choosing the slice thickness. Slices of 1-2 mm are recommended for tumors
that are 1 cm or less in the largest dimension.

Use of Contrast IV contrast is encouraged for better delineation between tumor, atelectasis, vascular structures, and
chest wall, as well as better definition of normal tissue contours. Oral contrast can be used at the
clinical discretion of the treating physician. Generally, contrast scans are acceptable for dose
calculations for photon plans, although density overrides may be applied in areas of strong contrast
(such as oral contrast in esophagus).

Proton therapy dose calculations must be performed on a non-contrast CT scan.

Immobilization

Patients should be positioned in a stable position capable of allowing accurate reproducibility of the
target positions from treatment to treatment. Positions uncomfortable for the patient should be avoided
so as to prevent uncontrolled movement during treatments. A variety of immobilization systems may be
used, including stereotactic frames that surround the patient on three sides and large, patient contoured
rigid pillows (conforming to patients’ external contours. Immobilization equipment should not be so
bulky as to interfere with gantry rotation for plan imaging and delivery. At a minimum, patients should
be uniformly supported with large cushions or patient contoured rigid pillows rather than simply lying
on the treatment couch, which is uncomfortable for the period of time required for SBRT simulation,
setup, and delivery. Arms should be supported and knees elevated. Patients with COPD often prefer
that their head is elevated above their chest. Patient immobilization must be reliable enough to ensure
that the gross tumor volume (GTV) does not deviate beyond the confines of the planning target volume
(PTV) with any significant probability (i.e., < 5%) during the treatment. A treatment couch model should
be incorporated into the treatment plan whenever needed, and must be incorporated for proton therapy
if it 1s not in the planning image. Extended field of view should be considered to avoid treatment couch
model and motion mitigation device from being cut off. For protons, immobilization and motion
management devices can be subject to positional change from simulation to the end of treatment, causing
proton range uncertainty of a few mm; this should be closely monitored and accounted for as needed.

Assessment and Management of Internal Organ Motion

Special considerations must be made to account for the effect of internal organ motion (e.g., primarily
breathing associated motion but also bowel peristalsis motion) on target positioning and reproducibility.
As a first step, it is required that the treatment team quantify the specific motion of a target so as to
determine if management strategies listed in the next section are required to meet protocol guidelines.
The patient should be in normal free breathing at the time of initial tumor motion assessment. Deep
inspiration or expiration breath hold is not allowed for initial tumor motion assessment as such
assessment generally overestimates free breathing tumor motion. Options for motion assessment include
real time fluoroscopy and 4D CT scanning. Any strategy, including 4D CT, should incorporate
appropriate image review and quality assurance to ensure suitability for treatment planning and target
delineation.

In some tumor locations, tumor motion measurement may demonstrate motion exceeding the required
small tumor expansions per this protocol (resulting in marginal miss or excessive volume of irradiation)
unless a motion management strategy is employed. Acceptable maneuvers for motion management
include using an internal gross target volume (IGTV), beam gating with the respiratory cycle, active



breath hold, and tumor tracking. Inhibition strategies (e.g., abdominal compression) may be used in
combination with these but are typically used with the IGTV method. Other methods may be approved
by the study committee. Internal organ management maneuvers must be reliable enough to ensure that
the GTV does not deviate beyond the confines of the PTV with any significant probability (i.e., < 5%).

Proton SBRT requires special considerations for assessing and managing organ motion. Proton-specific
abdominal compression devices, i.e. less sensitive to unintended water-equivalent thickness variation
during beam penetration, are available and preferred. Body contour variations due to motion mitigation
devices can be accounted for with 4D robust proton planning. Range uncertainties should be evaluated
considering organ motion, tumor size, tumor density, and proton spot size (for pencil beam scanning.
Sufficient scan length should be acquired to include all the motion mitigation devices so that proper
patient clearance can be modeled to avoid collision with the range shifter (if employed).

Table 5.2.2B highlights the recommended and minimum requirements for motion assessment and
treatment planning imaging.

Table 5.2.2B Motion Assessment/Management Guidelines for Simulation

Treatment Recommended Minimum Method for Scan(s) Recommended for
Technique Method for Motion Motion Assessment Treatment Planning

Assessment During During Simulation

Simulation
Free breathing 4D CT 4DCT encompassing the Average intensity projection (AvelP)
treatment using an full excursion of the tumor  scan from a full field of view 4D CT for
internal gross target motion. dose calculations; the maximum intensity
volume (IGTV) projection (MIP) scan may be desirable to
approach (see 5.2.4), aid IGTV definition but may not be used
including abdominal for treatment planning; Free-breathing
compression scans are not recommended for treatment

planning.
Gating with a gating 4D CT Exhale CT plus Reconstructed average of gating window
window fluoroscopy (free- scans from a 4D CT or the median phase
breathing + fluoroscopy in the gating window.

strongly discouraged due
to baseline shift)

Breath hold (i.e. ABC) Reproducibility of breath N/A Scan in breath hold position (inhale
hold confirmed (examples: recommended since it maximizes lung
multiple low dose scans volume). If multiple CT acquisitions are
over tumor, repeat acquired to assess breath hold uncertainty,
fluoroscopy or scout select the most representative dataset.
images).

Tracking 4D CT or breath hold CT N/A 4D CT or breath hold CT

5.2.3 Imaging for Structure Definition, Image Registration/Fusion and Follow-up

Structure definition for SBRT may require multimodality imaging and image fusion. General guidelines
on imaging for structure definition are given in Table 5.2.3A

Table 5.2.3A Summary of Imaging Guidelines for Structure Definition
Topic Guidelines
Use of Multimodality Multimodality imaging such as PET/CT or MRI can be used, as deemed




Imaging appropriate by the treating institution, for structure definition.
**INSERT ANY PROTOCOL SPECIFIC IMAGING
REQUIREMENTS HERE**

Image Multimodality imaging information should be able to be accurately and

Registration/Fusion  reliably registered/fused to the planning scan. Centers using deformable
image registration are highly encouraged to follow AAPM TG132 QA
and commissioning procedures. **ALL PROTOCOLS THAT WILL
INCLUDE IMAGE REGISTRATION SHOULD CONSULT WITH
THE NRG MED PHYS IMAGING GROUP TO DETERMINE
APPROPRIATE DETAILS ON REGISTRATION TECHNIQUE,
APPROPRIATENESS OF DEFORMABLE IMAGE REGISTRATION
AND CREDENTIALING REQUIREMENTS**

5.2.4 Definition of Target Volumes and Margins

Note: All structures must be named for digital RT data submission as listed in the table below. The
structures marked as “Required” in the table must be contoured and submitted with the treatment plan.
Structures marked as “Required when applicable” must be contoured and submitted when applicable.
Resubmission of data may be required if labeling of structures does not conform to the standard DICOM
name listed. Capital letters, spacing and use of underscores must be applied exactly as indicated.

Synchronous tumors should be individually labelled as separate targets (IGTV, PTV) using the naming
conventions below. An additional identifier should be added to clearly define the targets, separately (ex:
IGTVO01 5400 and IGTV02_5400).

Entries in the first column of the list below should match the current NRG nomenclature, which was
designed in collaboration with AAPM TG263 (Nomenclature Standards). The protocol Pls are required
to specify the information in the second, third columns. The detailed specifications have to include
crucial items such as boundary definitions and margins.

Table 5.2.4A Description and Naming of Required Target Volumes

Standard Name Description Validation
Required/Required when
applicable/Optional
Target Volume A (eg. Description of Target Volume A (eg. Requirement for Target Volume A (eg.
GTV_5400) GTYV to receive 5400 cGy) Required when applicable)
Target Volume B (eg. Description of Target Volume B (eg. Requirement for Target Volume B (eg.
IGTV_5400) Volume enveloping GTV motion over Required when applicable)

the course of a respiratory cycle that will

be used in treatment)
Target Volume C (eg. Description of Target Volume C (eg. Requirement for Target Volume C (eg.
PTV_5400) PTV to receive 5400 cGy) Required)

Target Volume D (eg. Description of Target Volume D (eg. a Requirement for Target Volume D (eg.
PTV_5400+20) 20 mm expansion of the PTV definedto =~ Required)
control intermediate dose spillage)




Detailed Specifications

Note: Instructions on IGTV and PTV creation based on treatment technique are given at the end of this
section.

Targets in lung will generally be drawn using CT pulmonary windows; however, soft tissue windows,
ideally with contrast, should be used to avoid inclusion of adjacent vessels, atelectasis, or mediastinal
or chest wall structures within the GTV. Information from fusion of multimodality imaging (e.g. PET)
may be helpful in delineating tumor from normal tissue. For example, in the presence of large amounts
of atelectasis or fibrotic changes, PET may be necessary to aid in GTV definition. IV contrast used with
the planning CT is useful to differentiate more subtle atelectasis from tumor since atelectasis does not
enhance. When a multimodality image serves as the primary image for GTV delineation, an additional
margin to account for registration uncertainty should be considered when transferring the GTV to the
primary image.

The clinical target volume (CTV) for lung SBRT targets is considered to be equivalent to the GTV.
Thus, GTV targets will not be enlarged whatsoever for prophylactic treatment (including no “margin”
for presumed microscopic extension); rather, include only abnormal imaging signal consistent with
gross tumor (i.e., the GTV and CTV are identical).

The motion encompassing GTV will be defined at the IGTV. Note that the term “ITV” is explicitly
avoided to prevent confusion between a motion encompassing CTV and GTV:

GTV
4DCT-
Exhale i

I N
L. A
e X‘ IGTV (NRG
Definition)
ITV (ICRU
Definition)
NRG defined IGTV = ICRU defined ITV =
motion envelope for motion envelope
GTV for CTV

For photon treatments, the PTV shall be defined as the IGTV (or GTV when strict motion control is
applied) plus an uncertainty/set-up error margin. That set-up margin shall be 5 mm in all directions. Up
to an additional margin of 2 mm in any direction is acceptable if warranted by the individual institution.
If institutional set-up uncertainties suggest that this would not be a sufficient PTV margin for the
workflow and equipment involved, please contact the protocol Pls and physics co-chair for additional
guidance. Note that PTV margins are not to account for internal motion uncertainty (which is accounted
for within the definition of the IGTV). The addition of an inverse planning optimization “helper”



structure can be made to increase coverage to account for dose gradients (i.e. for coplanar VMAT in the
cranial/caudal direction) as deemed necessary by the treating institution. General guidelines for IGTVs
and GTVs based on treatment technique, as described in Table 5.2.2B, are summarized in Table 5.2.4B.

For proton therapy, a PTV margin is not used for planning. However, the same PTV as described above
for photon treatments could be used for conformity evaluation (R100% and R50%). To ensure coverage
of the IGTV and to account for setup and range uncertainties, robustness parameters, in mm and
percentage, are used and applied to the IGTV. Robust planning using phases of the 4DCT dataset, as
well as multiple breathing control/compression belt CT images, are recommended to account for
respiratory motion. Robust target coverage in proton SBRT is designed to achieve a similar probability
of covering the IGTV as with photon SBRT, with the position uncertainty being equivalent to the PTV
margin.

Table 5.2.4B Guidelines for Definition of IGTV corresponding to Treatment Technique
Treatment Technique Definition of IGTV

IGTV using 4DCT Boolean union of GTV defined on all phases of 4DCT or
(includes abdominal a maximum intensity projection image (*). An
compression) appropriate margin (2-5 mm) to account for breath pattern

reproducibility or uncertainty may be added as needed.

Gating with a gating Boolean union of GTV defined on the gated phases of

window 4DCT. An appropriate margin (2-5 mm) to account for
breath pattern reproducibility or uncertainty is
recommended

Breath hold (i.e. ABC) An appropriate margin (2-5 mm) to account for breath

hold reproducibility or uncertainty is recommended

Tracking An appropriate margin (2-5 mm) to account for tracking
reproducibility or uncertainty is recommended

(*) If a Maximum intensity projection dataset is used for IGTV delineation, care must be taken to verify the IGTV against
the GTV defined above on each individual phase. In addition, the MIP is not appropriate for tumors located near
boundaries with soft tissue density, such as near the diaphragm or mediastinum.

5.2.5 Definition of Critical Structures and Margins

Note: All structures must be named for digital RT data submission as listed in the table below. The
structures marked as “Required” in the table must be contoured and submitted with the treatment plan.
Structures marked as “Required when applicable” must be contoured and submitted when applicable.
Resubmission of data may be required if labeling of structures does not conform to the standard DICOM
name listed. Capital letters, spacing and use of underscores must be applied exactly as indicated.

Entries in the first column of the list below should match the current NRG nomenclature, which was
designed in collaboration with AAPM TG263 (Nomenclature Standards). The PIs are required to specify
the information in the second, third columns. The detailed specifications have to include crucial items
such as boundary definitions and margins.



Table 5.2.5A Description and Naming of Required Normal Tissue Volumes (**PHYSICISTS/PI
SHOULD WORK WITH NRG TO EDIT THIS TABLE AS NEEDED AND TRY TO ENSURE
CONSISTENCY WITH OTHER PROTOCOLS AND THE CURRENT NOMENCLATURE
STANDARDS.**)

Standard Name Description

Bowel Large and Small Bowel

BrachialPlex L Left Brachial Plexus

BrachialPlex R Right Brachial Plexus

BrachialPlexs Total Brachial plexus (Right plus Left Brachial Plexus)

Bronchus Carina, right and left main bronchi, right and left upper lobe bronchi, intermedius
bronchus, right middle lobe bronchus, lingular bronchus, right and left lower lobe bronchi

Bronchus+20 Proximal bronchial tree expanded by 2 cm

Chestwall Chest wall

Esophagus NAdj

Esophagus (Non-adjacent wall) Optional, PI should assess whether to include this
structure

Esophagus Esophagus
External Body surface
GreatVes Great Vessels

GreatVes NAdj

Great vessels (Non-adjacent wall) Optional, PI should assess whether to include this
structure

Heart Heart

Liver Liver

Lung L Left Lung

Lung R Right Lung

Lungs Combined Left and Right Lungs

Lungs-GTV Combined Left and Right Lungs minus GTV

Rib Ribs within 5 cm of the PTV should be contoured by outlining the bone and marrow.
Optional, PI should assess whether to include this structure or to rely solely on
ChestWall.

Skin Outer 0.5 cm of the body surface (rind)

SpinalCord Spinal cord

Stomach Stomach

Trachea Trachea




Trachea NAdj Trachea (Non-adjacent wall) Optional, PI should assess whether to include this
structure

Organ at risk contours will be drawn in axial planes of the primary planning dataset. In general, serial
OARs should be contoured if they are found within an axial slice within 5 cm in the cranial or caudal
direction of any PTV-containing slice treated on protocol. As such, OARs may be further than 5 cm
from the PTV by direct separation and will still require contouring. If a named serial OAR is further
than 5 cm from any PTV in the cranial or caudal direction, then it need not be contoured or submitted,
unless a non-axial beam is likely to contribute relevant dose. Parallel organs at risk to include the
lungs, liver, and kidneys must be contoured in their entirety.

Organ at risk contouring guidelines found below (with the exception of Rib) are based on the
publication: Mir R, Kelly SM, Xiao Y et al., Organ at risk delineation for radiation therapy
clinical trials: Global Harmonization Group consensus guidelines,
https://doi.org/10.1016/j.radonc.2020.05.038

Detailed Specifications (**PHYSICISTS/PI SHOULD WORK WITH NRG TO FILL OUT
THESE AND TRY TO ENSURE CONSISTENCY WITH OTHER PROTOCOLS - CARE
SHOULD BE TAKEN TO INCLUDE NORMAL STRUCTURES WITHIN 5 CM ABOVE AND
BELOW THE TARGET AND TO ENSURE CONSISTENT CONTOURING WITH SIMILAR
PROTOCOLS.*¥)

SpinalCanal
The spinal canal is contoured according to the inner limits of the spinal canal using bone windows.

The cranial border is at the level of the tip of the dens of the C2 vertebra. The caudal border is the
most caudal slice where the spinal canal is visualized, usually at the level of the L5-S1 vertebral
bodies.

Esophagus
The esophagus is contoured on mediastinal windows to include all muscle layers out to the fatty

adventitia. The esophagus starts at the lower edge of the cricoid cartilage and extends to the
gastroesophageal junction.

BrachialPlexs

Each brachial plexus (BrachialPlex L and BrachialPlex R) should be contoured separately. The
brachial plexus originates at the spinal nerve root foraminae C5, C6, C7, C8, and T1 and terminates at
the medial limit of the second rib. Begin contouring with a Smm diameter tool at the C5, C6, C7, C8,
and T1 neural foramina and continue caudally, contouring the region from the lateral aspect of the
spinal canal to the small space between the anterior and middle scalene muscles. At the levels where
no neural foramina are present, contour the space or soft tissue between the anterior and middle



scalene muscles. The middle scalene muscle, and therefore brachial plexus structure will terminate in
the region of the subclavian neurovascular bundle one or two slices below the clavicular head. The
first and second ribs serve as the medial limit of the brachial plexus contour. Co-registration with MRI
and/or the use of intravenous contrast can help distinguish between nerves and vessels. Be aware that
patient positioning may influence the position of the underlying anatomy and the brachial plexus.
BrachialPlexs is a summation of the right and left brachial plexus and may be used for dose reporting
purposes.

Heart+A Pulm

The heart is contoured on mediastinal windows to include the pericardial sac. The cranial border is at
the cranial aspect of the pulmonary artery. The caudal extent is at the apex of the heart where the left
ventricle blends with the diaphragm. Major vessels, including the inferior vena cava should be
excluded. The pulmonary arteries are excluded below the main bronchi.

Trachea

The trachea should be contoured on mediastinal windows. Contour from the caudal edge of the
cricoid cartilage continuing to 2 cm cranial to the carina (where the Bronchus Prox starts). Contour to
the outer boundary of the cartilage, including the lumen, and trachealis muscle. The esophagus lies
posteriorly and should be excluded.

Bronchus Prox

The proximal bronchial tree is contoured using mediastinal windows and includes the external aspect
of the cartilage rings. The cranial border is 2 cm cranial to the carina. Caudally, the proximal
bronchial tree includes the bilateral proximal airways: the carina, right and left mainstem bronchi,
right and left upper lobe bronchi, intermedius bronchus, right middle lobe bronchus, lingular bronchus,
and the right and left lower lobe bronchi. Contouring of the lobar bronchi should end immediately at
the site of a segmental bifurcation. Lung windows may assist in identification of the segmental
bifurcations.

Lungs
Each lung should be contoured separately on lung windows. Contour the whole lung, from the apex to

the diaphragm including all inflated and collapsed lung. Small vessels less than 10mm in diameter and
vessels beyond the hilar region are included. Exclude the proximal bronchial tree and the trachea.
Lungs is a summation of the right and left lung and may be used for dose reporting purposes.

E-PTV
Tissue outside the PTV. This volume represents the subtraction of the PTV structure from the external
contour.

E-PTV_Ev20
Tissue beyond a 2 cm (20mm) ring outside the PTV. This volume represents the subtraction of a 20
mm PTV expansion from the external contour.

Skin
The skin is the 5mm inner rind of the external body contour.



Rib

Ribs should be contoured by outlining the bone and marrow. Typically, several portions of adjacent
ribs will be contoured as one structure. Adjacent ribs, however, should not be contoured in a
contiguous fashion (i.e., do not include the inter-costal space as part of the ribs).

Chestwall

Each chest wall (Chestwall L and Chestwall R) should be contoured separately. The chest wall is a 2
cm rind of the hemi-thorax outside of the thoracic cavity. The structure includes ribs, intercostal
vessels, nerves and muscles, and excludes vertebral bodies, sternum, and skin. The anterior-medial
border is at the lateral edge of the sternum; the posterior-medial border is the lateral aspect of the
vertebral body.

Stomach
The stomach should be contoured from the gastro-esophageal junction to the pylorus. Contour to the
outer extent of the external wall, including stomach contents.

Liver

The liver should be contoured in entirety from the cranial diaphragmatic aspect to the caudal tip of the
right lobe, using soft tissue windows. The inferior vena cava should be excluded from the liver contour
when it is clearly separate from the liver. The gall bladder should be excluded. Intravenous contrast
may be helpful in distinguishing the left border of the liver from adjacent structures.

Great Vessels

The great vessels are contoured on mediastinal windows to include the vascular wall and muscle layers
out to the fatty adventitia. The structure abuts the Heart+A Pulm contour. Intravenous contrast may
be helpful in distinguishing the great vessels from adjacent structures. Contour the superior vena cava
and the aorta. The branches of the aortic arch: the brachiocephalic artery, the left common carotid
artery, and the left subclavian artery may be included. The inferior vena cava is included in the great
vessels structure. The cranial aspect is where the inferior vena cava is clearly separate from the right
atrium of the heart.

Other Structures

The constraints tables above contain other structures. These are required if the structure is within 5 cm
of the PTV.

In proton therapy, a PRV margin is generally not used for planning. To ensure sparing of OARs and
account for motion and range uncertainties, robustness parameters, in mm and percentage, are used.
Robust planning using phases of the 4DCT dataset, as well as multiple breathing control/compression
belt CT images when applicable, should be used to account for respiratory motion. Such robust
avoidance should be designed to achieve a similar probability of OAR protection as using a PRV in
photon SBRT.

5.2.6 Treatment Planning Guidelines



Treatment planning for SBRT should be approached with care and experience is recommended for sites
enrolling on an SBRT protocol. Table 5.2.6A summarizes the general planning guidelines for this

protocol.

Table 5.2.6A General Treatment Planning Guidelines

Topic/Parameter

Guidelines

Planning Technique

Number of Beams

Beam Arrangement

Beam Energy
Block Margin (for

3DCRT)

Minimum Field Size

Use of Contrast for CT

Dose Calculation
Algorithm

Dose Grid Resolution

Photons: 3DCRT, conformal arc, and intensity-modulated techniques (IMRT, VMAT)
allowed. Tomographic and robotic techniques also allowed.

Protons: Robust planning is used to mitigate proton range and setup uncertainties. Robust
4D planning is recommended when potential breathing or body contour or GI organ
variation are involved. Smaller spot and energy layer spacing, adding range shifter with
appropriated air gap, layer or volumetric repainting, etc., may be preferred to reduce
interplay effect.

Photons: As planning dictates although approximately 7-11 beams are generally suitable
for static beam plans. Note that dose should be properly distributed between beams due
to skin toxicity considerations. Similarly, arcs should cover an appropriate range so as to
deliver a safe dose to the skin. Single arc plans may be suitable for simple geometries
while additional arcs are preferred for more complex geometries.

Protons: Proton beams may be limited to fewer beams, typically 3-5. For improved
conformity, a greater number of beams may be desired.

Photons: Coplanar or non-coplanar (non-coplanar are encouraged), non-overlapping, non-
opposing beams or arc therapy (non-coplanar arcs encouraged to improve conformity and
OAR sparing in complex geometries). Combination of static and arc beams allowed.
Gantry clearance verification prior to treatment is recommended.

Protons: Select the beam directions to minimize path length and other uncertainties (edge
of the couch, immobilization devices, etc.).

Photons: As planning dictates, although lower energies preferred for lung (see 5.2.1A).

Photons: Generally 0 +/- 2 mm, but iterated to achieve coverage specifications. Negative
margin blocks are frequently useful to create steep gradients along the axial limits of the
PTV while positive margin (e.g., +2 mm) are often needed on the cranial and caudal
limits of the PTV.

Photons: As planning dictates, although only the smallest field size accurately
commissioned (e.g. small field output factors are within 5% of published standards or
values) at the institution should be used. Because of concerns with small field dosimetry,
field sizes above 2 cm x 2 cm are preferable.

Photons: Scans with contrast are generally acceptable for dose calculations. However,
density/material overrides are recommended in areas of strong contrast when dose
calculation accuracy may be affected (such as oral contrast in the esophagus).

Protons: Scans with contrast should not be used for dose calculations.

Modern algorithms that accurately handle tissue heterogeneity and scatter should be used.
IROC maintains an updated list of approved algorithms. Density corrections must be
applied. Density overrides of the GTV are not recommended for photon treatment. **/¢
is possible that these recommendations may change per IROC; Pls should verify the
above matches current IROC guidelines**

2.5 mm x 2.5 mm dose grid resolution or smaller is required. Use of 2 mm x 2 mm is
recommended, especially for targets less than 2 cm in diameter.




Protocol specific fractionation details as well as prescription definition and compliance guidelines are
given in Tables 5.2.6B and 5.2.6C.

Table 5.2.6B Protocol Specific Fractionation Details
Item Details

Number of Fractions **INSERT PROTOCOL SPECIFIC FRACTIONS**

When treating multiple lesions, protocol Pls should address dose
summation strategies and methods: For lesions within close proximity
to each other such that normal tissue dose overlap may exceed scatter
dose levels (10% of the prescription dose), biological summation using
an appropriate model should be considered. **This topic is currently
being studied by NRG - If any specialized dose summation methods
are expected to be used, the protocol PI should include here**

Dose Per Fraction **INSERT PROTOCOL SPECIFIC DOSE/FX**

Total Treatment Duration **INSERT PROTOCOL SPECIFIC TX DURATION**. Note:
Recommend every other or every third day treatments to avoid toxicity
although daily treatments may be used at the discretion of the treating
physician. Any limitations on total treatment duration should be
specified here by PI

Table 5.2.6C Protocol Specific Target Dose Details and Requirements
Metric Guideline Value

D95% [Gy] for PTV (ie. Dose **FEACH PROTOCOL SHOULD HAVE A NOMINAL
covering 95% of PTV) or robust CTV ~ PRESCRIPTION DOSE TO DEFINE THE DOSE COVERING
95% OF THE PTV or robust CTV.**

D99% [Gy] for PTV (ie. Dose **PROTOCOL SPECIFIC, but recommended to be 90% Rx
covering 99% of PTV) or robust CTV ~ Dose**

Dose Heterogeneity within PTV For 3DCRT photon delivery, typical normalization is 60-90% with
a hotspot within GTV. For inverse planning techniques, effort
should be made to design the cost function to mimic a 3DCRT
dose distribution with a hotspot in the central region of the GTV.

R100% (Rx Isodose volume/PTV) <1.2 desired. Exceptions can be made for small targets requiring a
block margin to satisfy field size criteria. Effort should be made
to avoid dose > 105% of the prescription dose outside of the PTV.

R50% (50% Rx Isodose volume/PTV) Effort should be made to have the 50% isodose surface be as small
as possible. Detailed tables of recommendations are given below
for single targets. For multiple targets and adjacent OARs these
tables may still be useful but compliance will be more challenging.




Table 5.2.6D Recommendations for Allowable Dose Spillage

PTV Volume Ratio of 50% Isodose Volume Maximum Dose at 2 cm from PTV
(cc) to the PTV, R50% in any direction as % of nominal Rx dose
D2cm|[%]
Per Protocol Variation Acceptable Per Protocol Variation Acceptable
1.8 <5.9 <7.5 <50.0 <57.0
3.8 <5.5 <6.5 <50.0 <57.0
7.4 <5.1 <6.0 <50.0 <58.0
13.2 <4.7 <5.8 <50.0 <58.0
22.0 <4.5 <5.5 <54.0 <63.0
34.0 <4.3 <53 <58.0 <68.0
50.0 <4.0 <5.0 <62.0 <77.0
70.0 <3.5 <4.8 <66.0 <86.0
95.0 <3.3 <4.4 <70.0 <89.0
126.0 <3.1 <4.0 <73.0 <91.0
163.0 <2.9 <3.7 <77.0 <94.0

5.2.7 Compliance criteria

The compliance criteria listed here will be used to score each case. Given the limitations inherent in the
treatment planning process, the numbers given in this section can be different than the prescription table.
The Per Protocol and Variation Acceptable categories are both considered to be acceptable. The Per
Protocol cases can be viewed as ideal plans, and the Variation Acceptable category can include more
challenging plans that do not fall at or near the ideal results. A final category, called Deviation
Unacceptable, results when cases do not meet the requirements for either Per Protocol or Variation
Acceptable. Plans falling in this category may be suboptimal and additional treatment planning
optimization is recommended. Institutions are encouraged to contact the PI or medical physics co-chair
prior to approving a plan for treatment with a known unacceptable deviation.

Dose volume metric nomenclature should be standardized with the help of protocol QA staff. Current
recommendations follow AAPM TG 263:

VxGy[ccl, VxGy[%], Vx%lcc], Vx%[%]: Volume (cc or %) receiving Dose (Gy, or %)

Dvece[Gy], Dvee[%], Dv%[Gy], Dv%[%]: Dose (Gy or %) to Volume (cc or % of total volume)
DCvcc[Gy], DCvcc[%], DCv%[Gy], DCv%[%]: Maximum Dose (Gy or %) received by Sub-Volume
X (cc or % of total volume)

CVxGylccl, CVxGy[%]., CVx%[cc], CVx%[%]: Complementary or Cold Volume (cc or %) receiving
less than Dose (Gy, or %)

Min[Gy] or Min[%]: Minimum dose is defined to a volume that is the total volume minus 0.03 cc
Max[Gy] or Max[%]: Maximum dose is defined to a volume of 0.03 cc

Mean[Gy] or Mean[%]: Mean dose in Gy or %

R100%: Ratio of 100% isodose volume over structure volume

R50%: Ratio of 50% isodose volume over structure volume

D2cm: Max dose 2 cm from the PTV




Note: Deviation Unacceptable occurs when dose limits for Variation Acceptable are not met

Table 5.2.7A Target Volume Constraints and Compliance Criteria (**THESE ARE JUST
EXAMPLES and should be determined by the protocol PIs — effort should be made to be
consistent with existing protocol when possible**)

Name of Structure | Dosimetric Priority | Per Protocol | Variation Notes
parameter Acceptable (if needed)

Target Volume A | eg. D95%[cGy] |eg.2 eg. >5400 cGy | eg. >5130 cGy

(eg. PTVO01_5400 eg. D99%[cGy] |eg.2 eg. >5130 cGy | eg. >4860 cGy

or worst case of
robust CTV)

Target Volume B

Table 5.2.7B Normal Structure Constraints and Compliance Criteria (**THESE ARE JUST
EXAMPLES and should be determined by the protocol PIs — effort should be made to be
consistent with existing protocol when possible. Also note that use of absolute dose objectives as
opposed to mean or percentage based goals are preferred for SBRT The current acceptable NRG
normal tissue structure objectives for lung SBRT are given below as a reference.

Name of Dosimetric Per Protocol Variation Notes
Structure parameter Acceptable
Spinal Canal .2 D0.03cc[cGy] e.g. <1400 cGy Does not apply | Absolute limit
e.g D1.2cc[cGy] e.g. <800 cGy Does not apply | Absolute limit
Esophagus* e.g D0.03cc[cGy] e.g. <1540 cGy Does not apply | Absolute limit
e.g D5cc[cGy] e.g. <1190 cGy Does not apply | Absolute limit
. e.g. D0.03cc[cGy] | e.g. <1640 cGy Does not apply | Absolute limit
Erpchialexus e.g. D3cc[cGy] e.g. <1360 cGy Does not apply | Absolute limit
Trachea and | e.g. D0.03cc[cGy] | e.g. <2020 cGy Does not apply | Absolute limit
Bronchus* e.g. D4cc[cGy] e.g. <1050 cGy Does not apply | Absolute limit
Stomach e.g. D0.03cc[cGy] | e.g. <2200 cGy Does not apply | Absolute limit
e.g. DScc[cGy] e.g. <1740 cGy Does not apply | Absolute limit
0
HearttA_Pulm | o © D0.03cc[cGy] | e.g. <2200 Gy e I
e.g. D15cc[cGy] e.g. <1600 cGy Does not apply
0
Gicaessels e.g. D0.03cc[cGy] | e.g. <2500 cGy ;}g{ = 1L o
e.g. D10cc[cGy] e.g. <2300 cGy Does not apply
1 0
Ri e.g D0.03ce[eGy] | eg <3300cGy | 3 S Lol
e.g. DScc[cGy] e.g. <2800 cGy Does not apply
Skin e.g. D0.03cc[cGy] | e.g. <2750 cGy Does not apply
e.g. D10cc[cGy] e.g. <2550 cGy Does not apply




Lungs-GTV e.g. V8Gy[%] e.g.<37% Does not apply
Lungs-GTV e.g. CV7Gy[cc] e.g. > 1500 cc Does not apply
Liver e.g. CV11Gy/[cc] e.g. > 700 cc Does not apply

Below are some constraints for the PI to consider using in order to populate the above tables based on

the desired fractionation. Do not include the table below in the published protocol.

1 Fraction 3 Fractions 5 Fractions
Serial Tissue Volume Per Protocol | Per Protocol | Per Protocol Endpoint
- - (cGy) (cGy) (cGy) (>Grade 3)
D0.03cc[cGy] 1400 2250 2800
Spinal Canal D0.35¢c[cGy] 1000 1590 2200 myelitis
D1.2¢cc[cGy] 800 1300 1560
D5cc[cGy] 1440 2250 3000
D0.03cc(cGy) 1540 2520 3500 .
%
Esophagus D5cc[cGy] 1190 1770 1950 stenosis/fistula
. D0.03cc[cGy] 1640 2600 3250
Brachial Plexus D3cc[cGy] 1360 2700 2700 neuropathy
D0.03cc[cGy] 2200 3000 3800 . o
Heart+A Pulm D15cc[cGy] 1600 2400 3200 pericarditis
Great vessels D0.03cc[cGy] 2500 4200 5250 EEE—
D10cc[cGy] 2300 3800 4700 L
D0.03cc[cGy] 2020 3000 4000
Trachea g
Bronchus* stenosis/fistula
D4cc[cGy] 1050
D5cc[cGy] 2580 3200
stenosis with
atelectasis
. D0.03cc[cGy] 3300 5000 5700 .
Rib D5cc[cGy] 2800 4000 4500 Bamlorracture
Skin D0.03cc[cGy] 2750 3300 3850 Glcertion
D10cc[cGy] 2550 3100 3650
D0.03cc(cGy) 2200 3000 3500 .
Stomach D5cc[cGy] 1740 2250 2650 ulceration/fistula
stenosis
malignant
hypertension
1 Fraction 3 Fraction 5 Fraction
c . Per Protocol | Per Protocol | Per Protocol Endpoint
Parallel Tissue Constraint oo 7)) (oo ) (cc or %) (>Grade 3)




CV7Gy|cc] >1500 cc |5tz 1L
CV10.5Gy[cc] >1500 cc Function
Lungs-GTV CV12.5Gy[cc] >1500 cc
V8Gy[%] <37 %
V11Gy[%] <37 % Pneumonitis
V13.5Gy[%] <37 %
CV11Gy]cc] >700 cc Lo
Liver CV17.1Gylcc] >700 cc B;flfcﬁgfr
CV21Gy]cc] >700 cc

* Avoid circumferential irradiation

Note: A complementary volume (CV) or “cold volume” is the volume of tissue receiving the indicated dose or
less. CVxGyJcc] are complementary or cold volume objectives for parallel tissues, where "xGy" is the threshold
dose and the critical volumes are displayed in the table. To use these objectives as conventional DVH-based
inverse planning objectives, the planner can convert using the total structure volume and the equation vinreshold
dose[%0] < [1 - (Veriticat / Viowal)] X 100% (note the change to "less than"). For example, for the CV12.5Gy][cc]
metric and a total lung volume of 4000cc, the corresponding maximum volume objective V12.5Gy[%] should be
kept less than [1 - (1500 / 4000)] x 100%, or < 62.5%.

Table 5.2.7C Additional Target and Normal Structure Recommendations — Not to be used in plan
scoring or acceptability (**THESE ARE JUST EXAMPLES and should be determined by the
rotocol PIs — effort should be made to be consistent with existing protocol when possible**)

Name of Dosimetric Recommendation Notes
Structure parameter
OAR B Eg. Dlcc[%] eg. <105%

Table 5.2.7D Delivery Compliance Criteria

Delivery Metric Per Protocol | Variation Acceptable | Notes

Start date (X days/weeks after X)
(Please remove this row when the start
date is not specified in the protocol.)

Overall Treatment time

Interruptions

5.2.8 Treatment Planning Priorities and Instructions

During treatment planning, it may not be possible to meet the per protocol or variation acceptable criteria
for all metrics. In cases where tradeoffs are required, the priorities listed in Table 5.2.8 A should be
followed. Figure 5.2.8A demonstrates these priorities graphically as applicable to photon treatments.

Proton treatments may require a different approach but the priorities remain unchanged. Much like the
PTV is a surrogate to ensure proper IGTV coverage in photon treatments, a robustness analysis must be
used to verify appropriate IGTV coverage for proton treatments. Robust analysis of any IMPT plan
should account for, at a minimum, eight positional offset scenarios (plus/minus in each direction) and



range independently. The value for the positional offsets should be similar to the photon PTV margin
(e.g. 5-7 mm) and the range should be the standard value for the institution (e.g. 3-5%).

For target coverage dose constraints of proton plans, the values reported must be obtained from the worst
case scenario of the robustness analysis. For OAR dose parameters (excluding PRV structures) of
proton plans, the dose parameters should be reported from the nominal plan only. For OAR that are
defined with a PRV of proton plans, the dose parameters should be obtained for the worst case scenario
of the robustness evaluation on the nominal structure contour (not the expanded PRYV structure).

Table 5.2.8A Treatment Planning Priorities

Planning | Instructions
Priority
1 Respect spinal canal, esophagus, brachial plexus, trachea, bronchus, and stomach
constraints in Table 5.2.7B
2 Achieve PTV coverage (for photon plans) or robust target coverage (for proton plans)
while minimizing conformity and gradient indices (i.e. achieve conformity and
compactness of the dose distribution). In cases of overlap with Priority 3 OAR criteria,
it is recommended to allow variation acceptable levels of target coverage and minimize
hotspots in OAR overlap areas. Intensity-modulated techniques may be desirable.
3 Meet other OAR criteria in Table 5.2.7B
4 Meet any recommended criteria in Table 5.2.7C
Violation Acceptable Acceptable
(Preferred for Parallel OAR) (Preferred for serial OAR)
Priority Priority Priority
1 OAR ! 1 OAR
1 OAR
(Cord) PTV (Cord) (Cord)
7" Priority S Priority Priority
3 OAR eboss RxDose S OAR

Figure 5.2.8A Graphical representation of preferred photon planning tradeoffs in areas of
overlap. See Table 5.2.8A for more detail.

5.2.9 Patient specific QA

Any patient-specific QA that needs to be acquired should follow institutional guidelines. For intensity-
modulated techniques, patient specific QA is highly recommended. Refer to ASTRO, AAPM, and ACR
guidelines for appropriate implementation.



5.2.10 Daily Treatment Localization/IGRT

Daily image guidance is required for all SBRT treatments. Table 5.2.10A lists details of IGRT and the
minimum requirements for IGRT in lung. Techniques should be consistent with Tables 5.2.2B and
5.2.4B. It is very strongly recommended that all calculated IGRT shifts of 1 mm and greater (using

primary localization imaging) be applied.

Volumetric imaging of all beam paths is highly recommended in proton therapy. Patient weight change,
breathing pattern variation, motion mitigation (such as breathing control and compression belt) and any
attenuative structures in the beam path should be closely monitored with CBCT for deviations from the

reference dataset.

Table 5.2.10A Guidelines/Instructions for Acceptable IGRT

Treatment Acceptable Methods for Daily Image Guidance Matching Instructions
Technique
Volumetric Imaging Initial rigid alignment followed by
Volumetric Imaging (i.e. CBCT or CT on rails) is soft tissue match with average CT
strongly recommended. and slow CBCT.
4D CT to 4D CBCT can be used
when capability exists.
Planar Imaging 1. Rigid alignment to bony anatomy.
If volumetric imaging is not available, then an 2. Repeat imaging to ensure tumor
appropriate tumor surrogate (i.e. implanted surrogate is within ITV.
fiducials) must be able to be accurately imaged in 5- Repeat imaging at each treatment
the treatment position with 2D imaging. The port fo ensure tumor surrogate
. : . remains within the ITV is very
patient surface is not an appropriate sprrogate for strongly recommended.
tumor setup, although surface based imaging may be
ITV/free used during treatment to assess unexpected patient
breathing motion.
(includes
abdominal Note that when orthogonal 2D imaging (with or
compression) without implanted fiducials) is employed for sites
where respiratory motion is expected and not
controlled via motion management techniques, care
must be taken to ensure accurate targeting of the
ITV within the treatment. For example, static kV
imaging at an undetermined breath hold position
would not be adequate IGRT for treating a free-
breathing lung tumor.
Repeat imaging during treatment is recommended to
verify that the tumor is in the ITV.
If any significant baseline shifts are noted,
resimulation should be strongly considered.
Gating with  The baseline gating position/phase should be Initial rigid alignment followed by
a gating verified using appropriate imaging techniques. soft tissue match for baseline gating
window position.




Volumetric Imaging (i.e. CBCT or CT on rails) is

strongly recommended for the initial localization to

verify isocenter and tumor trajectory.

Volumetric imaging recommended; planar at breath  Initial rigid alignment followed by

hold position acceptable — repeated imaging soft tissue match of tumor or
Breath hold fleoci(c)immended to ensure reproducibility of breath surrogate .
(ie ABC) '

All imaging should be done at breath hold treatment

position.

Volumetric imaging or real-time fluoroscopic Initial rigid alignment followed by
Tracking imaging of tumor surrogate required based on soft tissue match of tumor or

treatment machine capabilities. surrogate in baseline position.

Quality Assurance and Imaging Dose

**[GRT system QA and dose should be part of the IGRT credentialing process, not specific to each
protocol. However, any protocol specific items in this area should be included here**

Management of Radiation Dose to the Patient from IGRT

NRG Oncology is concerned about the estimated doses given from IGRT, and is committed to limiting
the imaging dose when IGRT is used in any of its protocols. This can be accomplished by avoiding the
use of this technology to make small changes in patient positioning that are within the stated PTV
margins. The imaging dose to the patient may become significant if repeated studies are done for patients
with severe set up problems (e.g. requiring frequent corrections that are larger than the PTV margins).
It is recommended that patients demonstrating severe set up problems during the first 1-2 fractions be
moved to a treatment with larger margins.

5.2.11 Case Review

The Principal Investigators will perform ongoing remote RT Quality Assurance Review after cases
enrolled have been received at IROC Philadelphia-RT.



