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5.2 Radiation Therapy 
 
 
In this section, the modality used to deliver radiation, the method for patient immobilization, and the 
method to correlate patient geometry and delivery geometry should be clearly described. Requirements 
for credentialing (including the phantom irradiation credentialing and the IGRT credentialing) should 
be explicitly specified in the protocol. 
 
[STUDY CHAIRS: Refer to the NRG web site for RTQA Protocol Prescription Guidelines for writing 
RT prescriptions in NRG protocols [link to come].] 
 
Text describing proton therapy-specific details were highlighted in green where possible.  
 

 
  

Underlined highlighted texts are either instructions or suggestions to be deleted or replaced by PIs 
with regular texts without highlight. 
 
Regular highlighted texts are examples to be selected (remove highlight), deleted or replaced by 
PIs with regular texts. 
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Radiation Therapy Schema  
 
Schema at the beginning of the protocol should be followed. 
 
Doses were selected based on available evidence. Where evidence was minimal, expert consensus was 
used. Metastases should be assigned to one of the following seven metastatic locations to determine 
preferred dosing schedules: 
 
1. Lung Peripheral: Metastases within the lung parenchyma with gross target volume (GTV) outside 

the zone of the proximal bronchial tree as described in RTOG 0813/0915, defined as a volume 2 cm 
in all directions around the proximal bronchial tree (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). A visual representation is shown below in Figure 1. 
 
 

 

Figure 1. Definition of zone of proximal bronchial tree. 

2. Lung Central: GTV within the zone of the proximal bronchial tree; tumors within or touching the 
zone of the proximal bronchial tree, tumors that are immediately adjacent to mediastinal or 
pericardial pleura (planning target volume (PTV) touching the pleura) also are considered central 
tumors and are eligible for this protocol. 
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3. Mediastinal/Cervical LN:  

o Mediastinal: GTV arising within the anatomic space between the lungs, above the 
diaphragm, and below the thoracic inlet at the level of the top of the sternal notch.  

o Cervical Lymph nodes: GTV occurring within cervical lymph node Levels I-VI and/or 
retropharyngeal spaces. 
 

4. Liver: GTV arising within the liver. 
 

5. Spinal: Metastases will be assigned to the spinal/paraspinal site if the GTV arises within the vertebral 
bodies expanded by 1 cm. Spinal metastases, shown in Figure 2 in black, can involve: 

(a) The vertebral body only OR 
(b) The vertebral body and pedicle OR 
(c) Posterior elements only 

 
Figure 2. Diagram of Spine Metastasis and Target Volume. 

For each of these metastases, the PTV delineation will include: 

(a) the involved vertebral body and both pedicles (solid red line in Figure 2a) OR 
(b) a more generous delineation of the involved vertebral body and both pedicles (dashed red 

line in Figure 2b) OR 
(c) the involved vertebral body, both pedicles, and the transverse and spinous processes (solid 

red line in Figure 2b) OR 
(d) the spinous process and laminae (solid red line in Figure 2c) 

o The target volume may be chosen at the discretion of the treating Radiation 
Oncologist based on the extent of tumor involvement. 

o Spinal metastases with epidural extension will only be included if there is > 3 mm 
gap between the edge of the epidural metastasis and edge of the spinal cord. 

o Osseous metastases planning guidelines are to be used for metastases arising in the 
ribs near the spine. 
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6. Osseous: GTV arising within an osseous structure, part of the axial skeleton, and not included in the 
spinal definition. 

7. Abdominal-pelvic: GTV arising within the anatomic space defined by the diaphragm superiorly, the 
genitourinary diaphragm inferiorly including the peritoneal and retroperitoneal spaces, not including 
liver, osseous, or spinal metastases. 

 
Patients will receive 1, 3, or 5 fractions of SBRT radiation with the doses to be determined based on the 
fractionation and protocol as shown in Table 5. The goal of SBRT treatment is to deliver appropriate 
metastasis-directed radiotherapy while minimizing exposure of surrounding normal tissues. 

5.2.1 Treatment Technology 
 
List allowed Treatment Modalities (including energy): photons, protons, etc. 
Combinations of technology per treatment site are allowed. Radiation therapy may be delivered in whole 
or in part using the following beam modalities and delivery techniques: 

 Externally administered megavoltage photon beams via either forward-planned 3DCRT, 
inverse-planned 3DCRT, or inverse-planned IMRT, VMAT, Tomotherapy, robotic radiosurgery, 
MR-linacs, PET/CT-guided linacs 

 Externally administered proton beams via either passive scattering or IMPT techniques  
Required Capabilities: IMRT, IGRT, gating, etc. 

This protocol requires stereotactic body radiation therapy (SBRT treatment) provided that the treating 
institution has completed the necessary credentialing. Proton (either passive scattering or spot scanning) 
or photon beams may be used. Photon energies of 6 MV and above are allowed. For metastases located 
within 3 cm of the lungs, only photon energies of 6-10 MV are allowed, whereas for lung central and 
lung peripheral metastases, photon beam energies >10 MV are allowed. IROC SBRT credentialling is 
required for the type of beams used (conventional beams with flattening filter, FFF beams). 3D 
conformal radiotherapy (3D-CRT) and intensity-modulated radiotherapy (IMRT) techniques, including 
Tomotherapy and volumetric modulated arc therapy (VMAT), are allowed. Motion management must 
be considered since IMRT (including VMAT) and proton therapy can result in dosimetric inaccuracies 
in circumstances where tumor motion is not properly considered. Planning techniques may differ for 
each lesion to be treated, provided that the tumor motion is properly accounted for with each technique 
when the target or targets experience significant internal motion, including targets in the thorax and 
upper abdomen. Daily image-guided radiotherapy (IGRT) is required and must be administered 
according to the guidelines provided in Section 5.2.10 below. 
 
5.2.2 Immobilization and Simulation 
 
Immobilization 
 
Proper immobilization is critical for this protocol. Patient setup reproducibility must be achieved using 
appropriate clinical devices. 
 
During simulation imaging, the patient may be positioned supine or prone as appropriate for patient 



 

7 
 

comfort, sparing of organs at risk (OAR), reproducibility of positioning or access to the target volumes. 
 
Patients will be positioned in a stable pose conducive to allowing accurate reproducibility of the target 
position throughout treatment. Positions uncomfortable for the patient should be avoided so as to prevent 
uncontrolled movement during treatments. Patient immobilization with equipment must be reliable 
enough to ensure that the GTV does not deviate beyond the confines of the PTV. Positioning patients 
directly on the couch and relying solely on image-guidance for reproducible set-up is strongly 
discouraged. 

For patients who received prior courses of radiation in the vicinity of the new treatment site, this should 
be considered at the time of the new simulation including identifying prior setup marks or field 
boundaries and considering consistent positioning with the prior treatment to facilitate dose 
accumulation. For pelvic re-irradiation, bladder and rectum preparation instructions should consider 
how the pelvic and abdominal organs will be positioned relative to each course of radiation to reduce 
total cumulative dose when possible and to achieve consistent setup at time of treatment. 

Motion Management Technique 
 
Please remove this subsection when motion management is not used. 
 
All metastases with potential for respiratory motion should be evaluated by appropriate means including 
4D CT scan, implanted fiducial marker, or fluoroscopy at the time of simulation. 
 
Respiratory motion management (RMM) including breath hold (voluntary or using active breathing 
coordinators), gating, abdominal compression, metronome, audio-visual feedback, or fiducial marker 
tracking, is recommended for any metastasis to be treated with motion > 5 mm. Using the internal target 
volume (ITV) method is a common approach, especially for motion amplitudes not exceeding 1 cm. For 
amplitudes larger than 1 cm, RMM techniques like the ones referenced above may be considered. 
 
If a treatment for multiple metastases (i.e., lung and spine) is designed on a CT scan employing RMM, 
all metastases should be treated with the motion management technique that is best for accurately 
treating the target with the understanding that a composite dose calculation can be generated and 
submitted for different situations. 
 
If the patient cannot comply with any RMM technique, or if the RMM does not reduce motion below a 
level deemed important (5 mm) and a larger margin expansion is used instead, the dosimetric constraints, 
without RMM, for OARs and targets, must still be met, per protocol. For treatments using protons, if 
RMM cannot reduce motion to an acceptable level, photon treatments less sensitive to motion may be 
considered. Other strategies mitigating motion effects for IMPT may also be considered including 
volumetric or layer re-painting. 
 
Target Localization 
 
Stereotactic Targeting: For the purposes of this protocol, the term “stereotactic” implies the targeting, 
planning, and directing of radiation beams along any trajectory in 3-D space toward a target of known 
3-D coordinates. The coordinate system is defined by reliable “fiducials” or reliably identifiable 
anatomy that is clearly visible on orthogonal (2D) or 3D volumetric imaging, including the tumor itself.  
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A fiducial may be external or internal to the patient’s body, and external fiducials may relate to a frame 
or treatment device. In all cases, the relationship between any fiducial and the actual tumor position in 
real-time should be reliably understood for both planning and treatment. 
 
5.2.3 Simulation Imaging 
 
Please indicate “Not applicable” if it does not apply to your protocol. Please do not delete this subsection. 

This subsection should include information about the extent of CT and MR imaging, the resolution of 
the scan information including the slice thickness, and details of the allowed use of contrast agents and 
the handling of tissue densities when contrast is used. 
 
CT-based simulation imaging 
 
Depending upon the requirements and restrictions of the protocol, the primary volumetric image 
acquired for target delineation and dose calculation purposes may be a CT image. The FOV and superior-
inferior extent of the primary planning image shall be large enough so as to encompass the target volume 
and fiducial system for stereotactic targeting (if used) and be adequate to ensure contouring of all 
targeted metastases, the entirety of the relevant OARs, and any regions through which treatment beams 
may enter or exit through the patient. In the case of re-irradiation with treatment records available, it is 
also recommended that the FOV encompass sufficient nearby anatomy to enable estimation of overlap 
with the prior treatment. 
 
The reconstructed axial slice thickness shall, in the vicinity of the target volumes, be sufficient to enable 
accurate dose calculation resolution.  The protocol recommends a reconstructed uniform slice thickness 
of 0.3 cm or less in this region. If a single CT scan cannot be obtained due to a large spatial separation 
between metastases (i.e., cervical and femoral metastases), or planning system slice number limitation, 
multiple CT scans are allowed provided that OARs are entirely encompassed in a single CT scan. CT 
imaging should be performed so that a composite dose distribution including all treated metastases can 
be created. Ideally, all metastases will be treated in one treatment position. When treating multiple 
metastases such as a lung and extremity, varying the treatment position may be necessary (i.e., 
simulation with arms up and arms to the side). Thus, more treatment positions can be used at the 
discretion of the treating oncologist, but every effort should be made to obtain a composite distribution. 
 
MR-based simulation imaging 
 
Although the primary data set for the basis of radiotherapy dose calculations shall be from a CT 
acquisition, MR images may also be acquired for the purposes of target delineation. The FOV and 
superior-inferior extent of the primary planning image shall be large enough so as to encompass the 
target volume, the entirety of the OARs to be defined on the MR images, and any regions through which 
treatment beams may propagate through the patient. 
 
The reconstructed axial slice thickness shall, in the vicinity of the target volumes, be sufficient to enable 
accurate dose calculation resolution. The protocol recommends a reconstructed slice thickness of 0.3 cm 
or less in this region. For regions of the patient either superior or inferior to the target-volume region, a 
greater slice thickness may be used (up to 0.5 cm). 
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The following MR imaging sequences will be collected: 

(a) A T1 gradient echo TS = 200 ms, TE = 2.3 ms, slice thickness = 3 mm, matrix = 376x116, 
FOV 47 cm 

(b) DWI TR = 600 ms, TE = 79 ms, slice thickness = 3 mm, matrix = 128x128, b = 0, 1000, 
2000, FOV = 47 cm 

(c) STIR TR = 12000 ms, TE = 110 ms, TI = 200 ms, slice thickness = 3 mm, matrix = 376x116, 
FOV = 47 cm 

 
Multimodality simulation imaging 
 
Additional images may be acquired to refine the definition of the target volumes; these include contrast-
enhanced CT images, functional MR images, and nuclear medicine images (e.g. FDG- and PSMA-
PET/CT, SPECT). Depending upon the anatomic region being treated, either rigid registration or 
deformable registration may be used.  
 
Use of Contrast Agents 
 
The use of IV contrast will be required for liver metastases. For other metastases (central/peripheral 
lung, cervical/mediastinal, abdominal/pelvic, and spinal/paraspinal), the use of IV contrast is 
encouraged but will be left to the discretion of the treating physician. The use of other contrast agents is 
left to the discretion of the treating oncologist. Vascular contrast from the planning dataset is 
recommended to be converted to water equivalent density if used for planning. Duplicate planning 
datasets obtained prior to injection of IV contrast may be used for dose calculation. CT scans containing 
contrast agents should not be used for proton dose calculation.  
 
Field of View 
 
The patient may be positioned such that the metastases and proximal skin surfaces are fully encompassed 
within the FOV. However, the entirety of the OARs tabulated in Section 5.2.5 must also be fully included 
in the FOV; no extrapolation of the OAR contours outside the FOV is permitted. For all planning 
techniques, treatment beam trajectories entering through regions truncated by the image FOV are not 
permitted. For proton therapy, the FOV must also encompass any immobilization devices in the beam 
path, with the exception of devices that may be virtually modelled in the TPS during planning. 
 
Artifacts in the Planning Image 
 
If the following categories of artifacts are present in the planning image, they may be resolved using the 
following techniques: 

 Motion artifacts: if there are residual motion artifacts that can be accounted for without re-
simulation, available data from imaging techniques such as 4DCT should be evaluated to 
determine if an appropriate volume can be defined. Whichever technique is used, it shall result 
in a planning image to best represent the geometry expected to be present during external beam 
radiotherapy (EBRT). 

 Image density artifacts: if low-density or high-density “streaks” or beam-hardening artifacts 
appear in the image within regions known to be of uniform density, density-override contours 
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may be drawn to encompass these artifacts, with an appropriate density forced within these 
contours. Residual contrast agent apparent within the planning image (an example being iodine 
contrast infused during CT simulation to visualize the LADA) should be similarly contoured, 
with the appropriate density override within the contour. Note that radio-opaque fiducials present 
on the skin surface during the planning CT simulation shall be corrected in this manner as well, 
if they cannot otherwise be excluded from the patient external contour and the subsequent dose 
calculation within the TPS. These considerations apply to photon and proton planning. Metal 
artifact reduction technique in CT scanner can be used for cases with dental filling or other high-
density objects. For proton therapy, CT imaging artifact must be carefully addressed (e.g., using 
density override). Proper material and density should be used for surgical implants and non-
tissue materials involved in the proton beam path. Beams passing through unknown materials 
(like dental filling) and high Z materials should be avoided with margin to reduce dose 
calculation uncertainty. 

 
Imaging for Structure Definition, Image Registration/Fusion and Follow-up 
 
Please remove this subsection if it does not apply to your protocol. 

Appropriate planning CT window/leveling, recommended additional modality scans to be fused for each 
metastatic location are listed in Table 1. Deformable or rigid registration will be permitted for multi-
modality fusion. 

Table 1: Appropriate planning CT window/leveling, recommended additional modality scans to be 
fused. 

 Metastatic location 

Planning parameter Lung peripheral Lung central Mediastinal/
Cervical LN 

Spinal/Paraspinal Osseous Liver Abdominal/
Pelvic 

CT window/level Pulmonary/Mediastinal Bone/Soft Tissue Hepatic Soft Tissue 

Additional studies FDG and PSMA-PET/CT FDG and PSMA-PET/CT/MRI 

Multiphase CT No Yes 

 

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. 
Data resubmission may be required if the labeling of structures does not conform to the standard DICOM 
name listed. Capital letters, spacing, and underscores must be applied exactly as indicated. 
 
Specific SBRT planning parameters depend on the location of the treated metastasis and the mechanism 
used for motion management/evaluation. Table 2 below (third column) defines the GTV, CTV, ITV, 
and PTV for each metastatic location (if no CTV expansion is employed, iGTV = ITV). In general, the 
GTV is defined as the entirety of the metastasis as seen on planning CT scans aided by additional 
diagnostic imaging studies (i.e., PET/CT or MRI). Use of additional diagnostic studies is left to the 
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discretion of the treating physician. The CTV is typically identical to the GTV, i.e., there is no margin 
added for microscopic extension. In general, either a helical CT or 4DCT will be used for defining the 
GTV/ITV depending upon the expected tumor motion, although both scans may be acquired at the time 
of simulation. Typically, the ITV is generated using 4DCT phase scans for respiratory-correlated scans 
or from reconstructed maximum/minimum intensity projection (MIP/MinIP) scans. MIP/MinIP image 
sets should be used with caution because the MIP reconstruction for lung or MinIP reconstruction for 
liver may erroneously define an ITV in cases of significant irregular breathing or when tumors abut soft 
tissue structures (e.g., the diaphragm for MIP or fat for the MinIP). 
 
Delineation may be done either manually or through an auto-segmentation process, provided that all 
contours are verified manually. 
 
Table 2 outlines the naming of the various normal and critical structures for submission to TRIAD. Each 
lesion should be labelled according to the anatomical site groups listed in Table 2 (e.g., 
“PTV_LungP_4500” is a peripheral lung lesion while “PTV_Liver_4500” is a liver lesion). If multiple 
lesions exist within a single anatomical site, each lesion can be distinguished by adding a number to the 
end of the PTV (“PTV1_LungP_4500” and “PTV2_LungP_4500”). Entries in the second column of the 
list below will be entered and edited by the QA Staff. The PIs are required to specify the information in 
the second and third columns. The detailed specifications shall include crucial items such as boundary 
definitions and margins. 
 
Table 2. Delineation and validation guidelines for target volumes 

Group Standard Name# Description Validation 
Required/Required 
when 
applicable/Optional 

Group 1: Lung - 
Peripheral 

PTVX_LungP_4500 or 
PTVX_LungP_3000  

Axial: PTV=CTV+5mm** 
Craniocaudal: 
=CTV+7mm** 

Required 

GTVX_LungP_4500 or 
GTVX_LungP_3000  

Metastasis; 
CTV=GTV/ITV* 

Required 

Group 2: Lung - 
Central 

PTVX_LungC_5000  Axial: PTV=CTV+5mm** 
Craniocaudal: 
=CTV+7mm** 

Required 

GTVX_LungC_5000  Metastasis; 
CTV=GTV/ITV* 

Required 

Group 3: 
Mediastinal/Cervical 
Lymph Node 

PTVX_MCnode_5000  Axial: PTV=CTV+5mm** 
Craniocaudal: 
=CTV+7mm** 

Required 

GTVX_MCnode_5000  Metastasis; 
CTV=GTV/ITV*+ 

Required 

Group 4: Liver PTVX_Liver_4500 or 
PTVX_Liver_3000  

Axial: PTV=CTV+5mm** 
Craniocaudal: 
=CTV+7mm** 

Required 
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GTVX_Liver_4500 or 
GTVX_Liver_3000  

Metastasis; 
CTV=GTV/ITV* 

Required 

Group 5: 
Spinal/Paraspinal 

PTVX_Spine_2000 or 
PTVX_Spine_3000 or 
PTVX_Spine_3500  

=PTV in RTOG 0631** 
(See Figure 2) 

Required 

GTVX_Spine_2000 or 
GTVX_Spine_3000 or 
GTVX_Spine_3500  

Metastasis; 
CTV=GTV 

Required 

Group 6: Osseous 
(non-spinal osseous tumors) 

PTVX_Osseous_2000 or 
PTVX_Osseous_3000 or 
PTVX_Osseous_3500  

Axial: PTV=CTV+5mm** 
Craniocaudal: 
=CTV+7mm** 

Required 

GTVX_Osseous_2000 or 
GTVX_Osseous_3000 or 
GTVX_Osseous_3500  

Metastasis; 
CTV=GTV 

Required 

Group 7: Abdominal-
pelvic metastases 
(lymph node/adrenal 
gland) 

PTVX_APnode_4500  Axial: PTV=CTV+5mm** 
Craniocaudal: 
=CTV+7mm** 

Required 

GTVX_APnode_4500  Metastasis; 
CTV=GTV/ITV* 

Required 

*NOTE: A GTV to ITV expansion of greater than 1cm in any one direction is strongly discouraged and 
alternative respiratory management technique is suggested. 

**NOTE: When osseous/rib metastases are classified into other specific metastatic locations, the 
planning guidelines for that metastatic location should be used. If rib metastases are grouped into the 
spinal metastasis location, then the metastasis should be contoured as defined for osseous metastases, 
but the prescription doses for the spinal region should be used. 

+NOTE: Mediastinal lymph nodes should undergo motion assessment and an ITV should be generated 
to account for motion. 

#NOTE: If using simultaneous integrated boost (SIB), the name of the boosted target should contain 
“SIB” between lesion designation and the dose. For example, PTV1a_Lung_SIB_4500 would be the 
boosted region within the PTV1a_Lung_3000. 

X = If multiple lesions exist within a single anatomical site, each lesion can be distinguished by 
substituting X with the lesion number starting with 1. If only one lesion in that anatomical site, omit 
numbering. 
 
Detailed Specifications  

Accounting for uncertainties in target location: 
 
Internal margin (IM):Internal margin accounts for expected variations in size, shape and position of the 
target (ICRU 62, 1999). The IM can be a symmetrical or asymmetrical expansion. The CTV expanded 
by the IM margin is the ITV. For gated or 4D acquisitions, the ITV is the union of the targets over all 
phases of the breathing that have been imaged. Otherwise, the IM will be based on population data 
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(offered by the trial PIs or based on the institution’s practice). 
 
Setup margin (SM): 
Setup margin accounts for uncertainties (inaccuracies and lack of reproducibility) in patient 
positioning and the alignment of the therapeutic beams (ICRU 62). Examples of lack of reproducibility 
include, for example, the variation in the breathing amplitude or breath-hold level. For breath-hold 
scans (voluntary or aided by a breathing coordinator device) it is recommended that 3 scans are 
acquired. SM equals the spreading between the three scans due to variability in the breath hold; the CT 
where the anatomy of the interest is “in the middle” is the recommended choice for planning. 

The CTV expanded by the IM and SM is the PTV. 

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 second column of the list below will be entered and edited by the QA Staff. The PIs are 
required to specify the information in the third, fourth columns. The detailed specifications must include 
crucial items such as boundary definitions and margins. 
 
For all metastases, specific OARs must be contoured. The specific OARs to be contoured will depend 
on the location of the metastases to be treated. The contours of structures that have a lumen (bronchus, 
trachea, esophagus, etc.) will include both the “wall” and the “lumen” to result in a cylindrical structure. 
In general, OARs within 3 cm of any single metastasis should be contoured. Parallel OARs and OARs 
laying in the same axial plane as the target should be contoured in entirety to ensure DVH metrics are 
accurate. To identify these OARs, all PTVs will be expanded by 3 cm and any OAR that overlaps with 
PTV + 3 cm must be contoured. 

For each of the critical structures the contour label, description of the target, delineation guidelines, and 
validation requirements are tabulated below. Note that these target volumes are adapted from NRG 
BR002. Validation may either be Required, Required when applicable, or Optional: 

Table 3:  Validation guidelines for organs at risk – Structure names to be confirmed by PI 

Group Standard Name Description Validation 
Required/Required 
when 
applicable/Optional 

Group 1: Lung - 
Peripheral 

PTV_LungP  PTV   

E-PTV_LungP External minus 
PTV 
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E-PTV_LungP_Ev20 External minus 
PTV+20 mm 
(PTV with a 20 
mm expansion)  

 

SpinalCanal  Spinal canal Required  

BrachialPlexs  Brachial plexus  Required when 
applicable 

BrachialPlex_R  Right Brachial 
Plexus  

Required when 
applicable 

BrachialPlex_L Left Brachial 
Plexus 

Required when 
applicable 

Bronchus_Prox 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  

Required  

Esophagus  Esophagus  Required  

Bronchus_Prox_PRV20 Proximal 
bronchial tree 
expanded by 20 
mm  

 

GreatVes Great Vessels  Required 

Larynx  Larynx  Required when 
applicable 

Chestwall  Chest wall  Required 

Rib Ribs within 5 cm 
of the PTV 
should  be 
contoured 

Required 
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Heart  Heart  Required 

External  Body surface   

Skin  Skin will be 
defined as the 
outer 0.3-0.5 cm 
of the body 
surface  

Required 

Lungs  Combined Left 
and Right Lungs  

Required 

Lung_R  Right Lung  Required 

Lung_L  Left Lung  Required 

Trachea  Trachea  Required 

Stomach  Stomach  Required when 
applicable 

Liver  Liver  Required when 
applicable 

BileDuct_Common Bile duct  Required when 
applicable 

v Both kidneys  Required when 
applicable 

Kidney_R  Right Kidney  Required when 
applicable 

Kidney_L  Left Kidney  Required when 
applicable 

Group 2: Lung - 
Central 

PTV_LungC PTV   

E-PTV_LungC External minus 
PTV  

 

E-PTV_LungC_Ev20 External minus 
PTV_LungC+20 
mm (PTV with a 
20 mm 
expansion)  

 

SpinalCanal  Spinal canal  Required 
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BrachialPlexs  Brachial plexus  Required when 
applicable 

BrachialPlex_R  Right Brachial 
Plexus  

Required when 
applicable 

BrachialPlex_L  Left Brachial 
Plexus  

Required when 
applicable 

Bronchus_Prox 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  

Required 

Esophagus  Esophagus  Required 

GreatVes  Great Vessels  Required 

Bronchus_Prox_PRV20  Proximal 
bronchial tree 
expanded by 20 
mm  

 

Larynx  Larynx  Required when 
applicable 

Chestwall  Chest wall  Required 

Ribs Ribs within 5 cm 
of the PTV 
should be 
contoured  

Required 

Heart  Heart  Required 

External  Body surface   

Skin  Skin will be 
defined as the 
outer 0.3-0.5 cm 

Required 
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of the body 
surface  

Lungs  Combined Left 
and Right Lungs  

Required 

Lung_R  Right Lung  Required 

Lung_L  Left Lung  Required 

Trachea  Trachea  Required 

Stomach  Stomach  Required when 
applicable 

Liver Liver Required when 
applicable 

BileDuct_Common Bile duct  Required when 
applicable 

Kidneys  Both kidneys  Required when 
applicable 

Kidney_R  Right Kidney  Required when 
applicable 

Kidney_L  Left Kidney  Required when 
applicable 

Esophagus_NAdj  Esophagus (Non-
adjacent wall)  

 

Trachea_NAdj  Trachea (Non-
adjacent wall)  

 

GreatVes_NAdj Great vessels 
(Non-adjacent 
wall)  

 

Group 3: 
Mediastinal/Cervical 
Lymph Node 

PTV_MCnode  PTV   

E-PTV_MCnode External minus 
PTV  

 

E-PTV_MCnode_Ev20  External minus 
PTV+20 mm 
(PTV with a 20 
mm expansion)  
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SpinalCanal  Spinal canal  Required 

BrachialPlexs  Brachial plexus  Required 

BrachialPlex_R Right Brachial 
Plexus  

 

BrachialPlex_L  Left Brachial 
Plexus  

 

Bronchus_Prox 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  

Required 

Esophagus  Esophagus  Required 

GreatVes Great Vessels  Required 

Bronchus_Prox_PRV20 Proximal 
bronchial tree 
expanded by 20 
mm 

 

Larynx Larynx  Required 

Chestwall  Chest wall  Required 

Ribs  Ribs within 5 cm 
of the PTV 
should be 
contoured by 
outlining the 
bone and marrow  

Required 

Heart  Heart  Required 

External  Body surface  
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Skin  Skin will be 
defined as the 
outer 0.3-0.5 cm 
of the body 
surface  

Required 

Lungs  Combined Left 
and Right Lungs  

Required 

Lung_R  Right Lung  Required 

Lung_L  Left Lung  Required 

Trachea  Trachea  Required 

Stomach  Stomach  Required when 
applicable 

Liver Liver Required when 
applicable 

BileDuct_Common Bile duct  Required when 
applicable 

Kidneys  Both kidneys  Required when 
applicable 

Kidney_R  Right Kidney  Required when 
applicable 

Kidney_L  Left Kidney  Required when 
applicable 

Esophagus_NAdj  Esophagus (Non-
adjacent wall)  

 

Trachea_NAdj  Trachea (Non-
adjacent wall)  

 

GreatVes_NAdj Great vessels 
(Non-adjacent 
wall)  

 

Group 4: Liver PTV_Liver  PTV   

E-PTV_Liver  External minus 
PTV  

 

E-PTV_Liver_EV20  External minus 
PTV+20 mm 
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(PTV with a 20 
mm expansion)  

SpinalCanal  Spinal canal  Required 

Chestwall  Chest wall  Required 

Heart  Heart  Required 

External  Body surface  

Skin  Skin will be 
defined as the 
outer 0.3-0.5 cm 
of the body 
surface 

Required 

Lungs  Combined Left 
and Right Lungs  

Required 

Lung_R  Right Lung  Required 

Lung_L  Left Lung  Required 

Stomach  Stomach  Required 

Kidneys  Both kidneys  Required 

Kidney_R  Right Kidney  Required 

Kidney_L  Left Kidney   

Femurs Both Femurs  Required 

Femur_L Left Femur Required 

Femur_R Right Femur Required 

Duodenum Duodenum  Required 

Bladder Bladder  Required 

Rectum Rectum Required 

Liver Liver  Required 

BileDuct_Common Bile duct  Required 

Ureters Both Ureters  

Ureter_R Right Ureter  
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Ureter_L Left Ureter  

Bowel_Large Large Bowel  

Bowel_Small Small Bowel  

SacralPlex Sacral plexus Required 

SacralPlex_R Right Sacral 
Plexus 

Required 

SacralPlex_L Left Sacral 
Plexus 

Required 

CaudaEquina Cauda equina Required 

Group 5: 
Spinal/Paraspinal 

PTV_Spine PTV See notes below 

E-PTV_Spine  External minus 
PTV  

E-PTV_Spine_Ev10 External minus 
PTV+10 mm 
(PTV with a 10 
mm expansion)  

E-PTV_Spine_Ev20  External minus 
PTV+20 mm 
(PTV with a 20 
mm expansion)  

SpinalCord Spinal cord  

SpinalCord_PRV02 Spinal cord + 2 
mm 

SpinalCanal Spinal canal 

SpinalCanal~ A portion of the 
spinal cord 
contoured near a 
target  

BrachialPlexs Brachial plexus  

BrachialPlex_R  Right Brachial 
Plexus  

BrachialPlex_L  Left Brachial 
Plexus  
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CaudaEquina  Cauda equina  

SacralPlex Sacral plexus  

SacralPlex_R Right Sacral 
Plexus 

SacralPlex_L Left Sacral 
Plexus 

Esophagus  Esophagus  

GreatVes  Great Vessels  

Bronchus_Prox 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_Prox _PRV+20 Proximal 
bronchial tree 
expanded by 20 
mm 

Chestwall  Chest wall  

Rib  Ribs within 5 cm 
of the PTV 
should be 
contoured by 
outlining the 
bone and marrow  

Heart  Heart  

External  Skin  

Skin  Skin will be 
defined as the 
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outer 0.5 cm of 
the body surface  

Lungs  Combined Left 
and Right Lungs  

Lung_R  Right Lung  

Lung_L  Left Lung  

Trachea  Trachea  

Stomach  Stomach  

Kidneys Both Kidneys 

Kidney_R  Right Kidney  

Kidney_L  Left Kidney  

Liver  Liver  

BileDuct_Common Bile duct  

Duodenum  Duodenum  

Bowel  Large and Small 
Bowel  

Rectum  Rectum  

Bladder  Bladder  

Femurs  Both Femurs 

Femur_R Right Femur 

Femur_L Left Femur 

Esophagus_NAdj  Esophagus (Non-
adjacent wall)  

Trachea_NAdj  Trachea (Non-
adjacent wall)  

GreatVes_NAdj  Great vessels 
(Non-adjacent 
wall)  

Group 6: Osseous PTV_Osseous PTV See notes below 



 

24 
 

E-PTV _Osseous  External minus 
PTV  

E-PTV_Osseous_Ev10 External minus 
PTV+10 mm 
(PTV with a 10 
mm expansion)  

E-PTV_Osseous_Ev20  External minus 
PTV+20 (PTV 
with a 20 mm 
expansion)  

SpinalCanal  Spinal cord  

SpinalCanal~ A portion of the 
spinal cord 
contoured near a 
target  

BrachialPlexs Brachial plexus  

CaudaEquina  Cauda equina 

BrachialPlexs Brachial Plexus 

BrachialPlex_R  Right Brachial 
Plexus  

BrachialPlex_L  Left Brachial 
Plexus  

SacralPlex Sacral plexus  

SacralPlex_R Right Sacral 
Plexus 

SacralPlex_L Left Sacral 
Plexus 

Esophagus  Esophagus  

GreatVes Great Vessels  

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

Bronchus_Prox_PRV20 Proximal 
bronchial tree 
expanded by 20 
mm  

Chestwall  Chest wall  

Rib  Ribs within 5 cm 
of the PTV 
should be 
contoured by 
outlining the 
bone and marrow  

Heart  Heart  

External  Skin  

Skin  skin will be 
defined as the 
outer 0.3-0.5 cm 
of the body 
surface  

Lungs  Combined Left 
and Right Lungs  

Lung_R  Right Lung  

Lung_L  Left Lung  

Trachea  Trachea  

Stomach  Stomach  

Kidneys Both Kidneys 

Kidney_R  Right Kidney  

Kidney_L  Left Kidney  
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Liver  Liver  

BileDuct_Common Bile duct  

Duodenum  Duodenum  

Bowel Large and Small 
Bowel  

Rectum Rectum  

Bladder  Bladder  

Femurs  

Esophagus_NAdj  Esophagus (Non-
adjacent wall)  

Trachea_NAdj  Trachea (Non-
adjacent wall)  

GreatVes_NAdj  Great vessels 
(Non-adjacent 
wall)  

Group 7: 
Abdominal-pelvic 
metastases (lymph 
node/adrenal gland) 

PTV_APnode  PTV   

E-PTV_APnode External minus 
PTV  

 

E-PTV_APnode_Ev20 External minus 
PTV+20 (PTV 
with a 20 mm 
expansion)  

 

SpinalCanal Spinal canal Required 

CaudaEquina  Cauda equina  Required 

SacralPlex Sacral plexus Required 

SacralPlex_R Right Sacral 
Plexus 

 

SacralPlex_L Left Sacral 
Plexus 

 

Chestwall  Chest wall  Required 

Heart  Heart  Required 
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External  Skin   

Skin  Skin will be 
defined as the 
outer 0.3-0.5 cm 
of the body 
surface  

Required 

Lungs  Combined Left 
and Right Lungs  

Required 

Lung_R  Right Lung  Required 

Lung_L  Left Lung  Required 

Stomach  Stomach  Required 

Kidneys Both Kidneys Required 

Kidney_R  Right Kidney  Required 

Kidney_L  Left Kidney  Required  

Femurs Both Femurs  Required 

Femur_R Right Femur Required 

Femur_L Left Femur Required 

Duodenum  Duodenum  Required 

Bladder  Bladder  Required 

Liver  Liver  Required 

BileDuct_Common Bile duct  Required 

Bowel_Large, Bowel_Small Large and Small 
Bowel  

Required 

Rectum  Rectum  Required 

 
Spinal Metastases: 

 For all spinal metastases, the partial spinal cord volume as per RTOG 0631 should be defined as 
follows: the partial spinal cord should be contoured starting from 5-6 mm above the superior 
extent of the target volume to 5-6 mm below the inferior extent of the target volume. 

 For thoracic and cervical spinal metastases, follow guidelines for pulmonary/ 
mediastinal/cervical metastases depending upon nearby organs at risk. 

 For lumbar metastases, follow guidelines for Abdominal-pelvic metastases. 
Osseous Metastases:  
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 OAR for osseous metastases will depend on the location of the osseous metastasis. 
 
Detailed Specifications 

OARs listed above should be contoured in their entirety if a portion of that organ is located within 3 cm 
of the osseous metastases. 
 
To verify each of these limits, the organs must be contoured such that appropriate volume histograms 
can be generated. Instructions for the contouring of these organs are as follows:  
 
Table 4: Delineation guidelines for organs at risk  
(Unless indicated, the elements in the table below extracted from: “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.”) 
Organ at risk – 
(Standardized Name) 

Description 

Spinal Canal  
(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 

Cauda Equina 
(CaudaEquina) 

The cauda equina is defined by the thecal sac within the spinal canal. 
The cranial border of the cauda equina is located at the caudal limit of 
the spinal cord, usually at the level of L1-2 vertebral bodies. The spinal 
cord thickens into the conus medullaris at this level and can be used as 
a landmark. The caudal limit is at the termination of the thecal sac 
usually at the caudal limit of the S1 vertebral body, however extension 
to the caudal limit of the S2 vertebral body or beyond is not unusual. 
The thecal sac is best defined on MRI 

Sacral Plexus 
(SacralPlexs) 

Include the nerve roots from L5 to S3 on each side from the 
neuroforamina to the coalescing of the nerves at the obturator internus 
muscle. (Not from the Mir et al. reference) 

Esophagus 
(Esophagus) 

The esophagus is contoured on mediastinal windows to include  
all muscle layers out to the fatty adventitia.  
Contour from the lower edge of the cricoid cartilage to the 
gastroesophageal junction 

Brachial Plexus 
(BrachialPlex_L 
BrachialPlex_R 
BrachialPlexs) 

Each brachial plexus 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 5mm 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 
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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 
(Heart) 

The heart is contoured on mediastinal windows to include the  
pericardial sac.  
The cranial border is where the pulmonary trunk and right  
pulmonary artery are seen as separate structures. 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. 
Investigators wishing to contour the heart with cranial border at  
the cranial aspect of the pulmonary artery should refer to  
Heart+A_Pulm 

Trachea 
(Trachea) 

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

Proximal Bronchial Tree 
(Bronchus_Prox) 

The proximal bronchial tree is contoured using mediastinal  
windows and includes the external aspect of the cartilage rings.  
The cranial border is 2cm 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. 

Proximal Bronchial Tree 
Plus 2 cm 
(Bronchus_Prox_PRV20) 

As part of determining if lung metastases are central or peripheral, 
adhering to the eligibility of the zone of the proximal bronchial tree, 
the RTOG SBRT protocols defined an artificial structure 2 cm larger 
in all directions from the proximal bronchial tree. If the GTV falls 
within this structure, the target is considered central. Most treatment 
planning systems have automatic contouring features that will generate 
this structure without prohibitive effort at the time of treatment 
planning. This structure is not required by the protocol, but its 
construction is suggested to facilitate appropriateness of patient 
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selection.  (Not from the Mir et al. reference) 
Lung – GTV 
(Lung_L, Lung_R, Lungs, 
Lungs-GTV)  

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. 
Lungs-GTV is created by subtracting all GTV structures from the 
structure “Lungs.” 

Skin 
(Skin) 

The skin is the 5mm inner rind of the external body contour. Please 
note actual skin thickness will vary dependent on region of interest 

Great Vessels 
(GreatVes) 

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. The cranial, caudal, and lateral extent to which the great vessels 
structure is contoured beyond this guidance is defined by the clinical 
trial protocol. 

Non-adjacent Wall of a 
Structure 
(Trachea_NAdj, 
Esophagus_NAdj, 
Bronchus_Prox_NAdj) 

For the esophagus, trachea and proximal bronchial tree, and great 
vessels, the nonadjacent wall corresponds to the half circumference of 
the tubular structure not immediately touching the GTV or PTV. These 
contours would start and stop superiorly and inferiorly just as with the 
named structure. The half lumen of the structure should be included in 
this contour. (Not from the Mir et al. reference) 

Stomach 
(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 

Duodenum 
(Duodenum) 

The duodenum should be contoured from the pylorus to the 
duodenojejunal junction/ligament of Treitz. The majority of the 
structure is fixed to the retroperitoneum and follows a C-shaped course 
around the head of the pancreas. The contour follows four anatomical 
sections: 1) 5cm in length and anterolateral to the body of the L1 
vertebra 2) 7-10cm descending adjacent to the L1-3 vertebral bodies 3) 
6-8cm in length, turning medially and crossing the L3 vertebral body. 
The aorta and inferior vena cava are posterior; the superior mesenteric 
artery and vein lie anteriorly 4) 5cm in length and ascending from the 
L3 vertebral body to the cranial border of the L2 vertebral body The 
contour adheres closely to the outer boundary of the external wall and 
includes duodenal contents. Take care to distinguish the duodenum 



 

31 
 

from the head of the pancreas as the structures are in close proximity. 
Esophagus 2010 Wasik [18] 2011 Kong [9] No amendment The 
esophagus is contoured on mediastinal windows to include all muscle 
layers out to the fatty advent 

Large Bowel  
(Bowel_Large) 

The large bowel encompasses the caecum, ascending colon,  
transverse colon, descending colon, and sigmoid colon in one  
contour.  
Contour from the ileocaceal junction to the recto-sigmoid  
junction.  
The large bowel can be discriminated from the small bowel by the  
appearance of bowel contents, presence of haustra, sacculations,  
and appendices epiploicae. The contour adheres closely to the  
outer boundary of the external wall and includes large bowel  
contents. 

Small Bowel 
(Bowel_Small) 

The small bowel encompasses the duodenum, jejunum, and ileum  
in one contour.  
Contour from the pylorus to the ileocaecal junction. Ensure small  
bowel in the lower pelvis caudal to the recto-sigmoid junction is  
included. 
The small bowel can be discriminated from the large bowel by the  
appearance of bowel contents and the presence valvulae  
conniventes. The contour adheres closely to the outer boundary of  
the external wall and includes small bowel contents. 

Rectum 
(Rectum) 

The rectum should be contoured to the outer boundary of the  
external rectal wall, including rectal contents.  
Contour from the rectosigmoid flexure, approximately at the level  
of the S3 vertebral body, the rectosigmoid flexture is best  
visualized on sagittal viewing planes.  
The caudal border is at the anorectal junction where the perirectal  
fat can no longer be seen, coinciding with the insertion of the  
levator muscles and the pubo-rectalis sling; these structures are  
best visualised on coronal viewing planes. 

Bladder 
(Bladder) 

The bladder should be contoured in entirety from base to dome.  
The lateral extent is the outer bladder wall. 

Kidney (renal cortex) 
(Kidney_L, 
Kidney_R , Kidney) 

Each kidney cortex should be contoured separately from the  
upper to the lower pole.  
The kidney cortex structure is the kidney parenchyma and  
includes the fibrous capsule surrounding the kidney, the kidney  
cortex, and the kidney medulla.  
The structure excludes cysts, the kidney pelvis, pararenal fat, and  
the adrenal gland. 
Kidney_Cortex is a summation of the right and left kidney cortex 
and may be used for dose reporting purposes. 

Liver 
(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 
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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. 

Bile ducts 
(BileDuct_Common) 

The common bile duct is usually 8-10cm in length and 5-6mm in  
diameter.  
The contour begins at the union of the common hepatic duct and  
the cystic duct and extends caudally to the second section of the  
duodenum. The common bile duct passes posterior and medial to  
the duodenum and joins with the pancreatic duct to form the  
ampulla of vater. 

Femoral Heads 
(Femur_L, 
Femur_R, 
Femurs) 

Each femoral head should be contoured separately. The ball of the head 
and socket joint should be contoured. (Not from the Mir et al. 
reference) 

Rib 
(Ribs) 

Ribs within 5 cm of the PTV should be contoured by outlining the 
cortical bone including the intramedullary space. 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).  (Not from the 
Mir et al. reference) 

PTV_Ev20 
(PTV+20 mm) 

As part of the QA requirements for “low-dose spillage” listed above, a 
maximum dose to any point 2 cm away in any direction is to be 
determined (D2cm). To facilitate this QA requirement, an artificial 
structure 2 cm larger in all directions from the PTV is required. Most 
treatment planning systems have automatic contouring features that 
will generate this structure without prohibitive effort at the time of 
treatment planning. If possible, this structure should be constructed as 
a single contour that is 2 cm larger than the PTV.  (Not from the Mir 
et al. reference) 

IDL_XXXX The prescription isodose line for each lesion, contoured for calculation 
of the conformity index, where XXXX represents the prescription dose 
in cGy. Contours with identical doses should be distinguished 
according to the convention described in Section 5.2.5.  (Not from the 
Mir et al. reference) 

Other Structures The constraint tables above contain other structures. These are required 
if the structure is within 3 cm of the PTV. (May refer to the Mir et al. 
reference) 

 
5.2.6 Dose Prescription 
 
Note: The information provided in this section can be used to adjust the dose constraints for treatment 
planning purposes. This table, together with the planning priority table, should be used during dose 
optimization. It is important to remember that ideal plans might not be achievable in all cases. Thus, the 
Compliance Criteria table could be different from the information given here. Cases will be scored using 
the Compliance Criteria table. 
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Patients will receive 1, 3, or 5 fractions of radiation. SBRT doses to be used are listed below in Table 5 

where the dose per fraction is to be prescribed to the prescription line covering 95% of the PTV (see 
Section 5.2.7). Doses were selected based on available evidence. Where evidence was minimal, expert 
consensus was used. Metastases should be assigned to one of the seven metastatic locations described 
in Section 5.2.4 to determine preferred dosing schedules. Dosing schemes are in general divided between 
patients with osseous and non-osseous disease as shown in Table 6. For each metastatic location, 
preferred dosing schemes are described together with the Variation Acceptable range used for plan 
scoring. Doses falling outside the range of Per Protocol and Variation Acceptable will be scored as 
Deviation Unacceptable. 
 
Proton Therapy Dose Prescription  
Robust optimization to the CTVs is recommended for proton therapy, with the setup uncertainties equal 
to the setup margins in all directions. Range uncertainties should be used according to their institutions’ 
protocol. Prescription is recommended with V100% >= 98% to all the CTVs. Verification CTs acquired 
using the CT sim may be used before the first treatment fraction or while the patient is on treatment to 
assess the robustness of the proton plan. Screen capture of DVH and dose statistics for robust evaluation 
on the planning CT and the verification CTs should be submitted for review. 
 
NOTE: Metastases in different anatomical locations may be treated to different doses and with different 
fractionation schedules in the same patient (e.g., spine metastasis treated to 30 Gy in 1 fraction while a 
central lung metastasis is treated to 50 Gy in 5 fractions). However, it is preferable to use the same 
number of fractions to treat all metastases, when reasonable, to allow for more straightforward dose 
volume analysis of organs at risk (e.g., both spine and central lung metastases treated to 50 Gy in 5 
fractions). Utilizing the same dosing scheme is strongly suggested when a given OAR receives > 5 Gy 
(total for the radiation course) contribution from multiple treatment sites.  
 
Table 5: Dose descriptions (Groups and specifications to be determined by protocol PI) 
Group Dose 

(cGy) 
Fraction 
Size 
(cGy) 

# of 
fractions  

Frequency Dose 
specification  

Non-
osseous 
Sites 

Lung peripheral, 
single liver 
metastases only 
with the approval 
of the PI or 
Radiation therapy 
PI 

3000 3000 1 Daily 

Covering 95% 
of the PTV. 
2800 - 3030 

cGy acceptable 

Lung peripheral, 
liver, and 
abdominal-pelvic 
metastases 

4500 1500 3 
≥ 40 hours 

apart 

Covering 95% 
of the PTV 

4250 – 4550 
cGy acceptable 

Lung central, 
Mediastinal/ 
cervical lymph 
nodes 

5000 1000 5 
≥ 40 hours 

apart 

Covering 95% 
of the PTV. 
4800 – 5050 

cGy acceptable 
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Osseous 
Sites 

Spinal/Paraspinal 
metastases only 
with the approval 
of the PI or 
Radiation therapy 
PI 

2000 2000 1 Daily 
1400 – 2020 

cGy acceptable 

Other Osseous 
3000 1000 3 

≥ 40 hours 
apart 

2700 – 3030 
cGy acceptable 

Thoracic/Cervical 
spine 3500 700 5 

≥ 40 hours 
apart 

3000 – 3540 
cGy acceptable 

 
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 are considered to be suboptimal and additional treatment 
planning optimization is recommended. 
 

 VxGy [cc], VxGy [%], Vx%[cc], Vx%[%]: Volume [cc or %] receiving Dose [Gy, or %] 
 Dxcc[Gy], Dxcc[%], Dx%[Gy], Dx%[%]: Dose [Gy or %] to Volume [cc or % of total volume] 
 Minimum dose is defined to D99%[Gy] or D99%[%] 
 Maximum dose is defined as D0.03cc[Gy] or D0.03cc[%] 
 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  

 
Normalization of Dose:  The plan is normalized with a goal of 95% of the PTV volume receiving 
prescription dose unless this results in exceeding a higher priority safety constraint. 
Successful treatment planning will require the accomplishment of all of the criteria listed below; these 
criteria will be assessed on dose calculated independently for each metastasis (i.e., not from composite 
dose calculations): 

i. Normalization: The treatment plan should be initially normalized such that 100% corresponds to 
the maximum dose within the PTV (MAXPTV). While this point will typically correspond to 
the PTV center of mass, it can be located elsewhere within the PTV. 

ii. Prescription Isodose Surface Coverage: Unless prevented by higher priority constraints, the 
prescription isodose surface will be chosen such that 95% of the target volume (PTV) is 
conformally covered by the prescription isodose surface. Doses less than 95% of the prescription 
dose are restricted to the outside edges of the PTV as shown in Figure 3. The prescription isodose 
surface selected MUST be ≥ 60% and ≤ 90% of the dose maximum within the PTV (MAXPTV). 
The MAXPTV corresponds to the normalization point (100%) of the plan as noted in number 1 
above. 
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iii. Target Dose Heterogeneity: Rather than prioritizing target dose homogeneity, SBRT treatment 
planning prioritizes adequate minimum target coverage and rapid dose fall-off gradients outside 
of the target. Hot spots within targets are generally accepted without consequence since targets 
are mostly tumor. The only exception is when the hotspot within the PTV also intersects an OAR 
(see Figure 3). 

iv. Critical Organ Doses: Respect all critical organ dose-volume limits listed in Section 5.2.7). 
v. High-Dose Spillage: 

1. Location: Any dose > 105% of the prescription dose should occur within the PTV and not 
within the normal tissues outside the PTV. See Figure 3. 

2. Volume: Acceptable isodose distributions should be as conformal as possible. To this end, the 
ratio of prescription isodose volume to PTV should be as small as possible. 
a. The ratio of the prescription isodose volume to the PTV volume should be < 1.2. 

Acceptable variations include a ratio of 1.2-1.5. Ratios above 1.5 will be considered 
unacceptable variations. The prescription line for each lesion will be contoured for 
calculation of this ratio. The prescription line will be labelled as V_5000 with the 5000 
changing to reflect the prescription dose in cGy. Contours with identical doses should be 
distinguished according to the convention described in section 5.2.7. 

b.Guidelines for the ratio of the 50% prescription isodose volume to the PTV volume (R50%) 
and for the maximum dose at 2 cm (D2cm) from the PTV are given in Table 6. Because it 
may become more difficult to restrict the 50% isodose volume when dose is summed from 
treatment of multiple metastases, this ratio should be evaluated for dose calculated for a 
single metastasis at a time (i.e., not for composite dose). Additionally, the 50% isodose 
volume may be elongated deliberately in order to avoid OAR, thereby making it difficult 
to meet the guidelines in Table 6. This is acceptable as long as normal tissue constraints 
are met. 

c. Given that conformal tumor coverage is often more difficult to achieve in lung than in more 
homogeneous organs, these ratios should serve as a guide for liver, abdominal-pelvic, 
mediastinal/cervical metastases as well. 

d. Elliptically shaped metastases as well as extremity metastases may not meet these 
guidelines. This is acceptable as long as normal tissue constraints are respected. These 
criteria will not be required in treating very small tumors in which the required minimum 
commissioned field size results in the inability to meet a conformity ratio of 1.5. 
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Figure 3. Demonstration of prescription isodose line. 
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Table 6: Recommendations for the ratio of the 50% prescription isodose volume to the PTV volume 
(R50%) and for the maximum dose at 2 cm (D2cm) from the PTV (Protocol PI will confirm values) 

PTV Volume (cc) 
Ratio of 50% Prescription 

Isodose Volume to PTV 
Volume, R50% 

Maximum Dose at 2 cm 
(D2cm) from PTV in any 

direction as % of Prescribed 
Dose (Gy) 

1.8 < 7.5 < 57.0 

3.8 < 6.5 < 57.0 

7.4 < 6.0 < 58.0 

13.2 < 5.8 < 58.0 

22.0 < 5.5 < 63.0 

34.0 < 5.3 < 68.0 

50.0 < 5.0 < 77.0 

70.0 < 4.8 < 86.0 

95.0 < 4.4 < 89.0 

126.0 < 4.0 < 91.0 

163.0 < 3.7 < 94.0 

NOTE: For values of PTV dimension or volume not specified, linear interpolation between table entries 
is required. 
 
NOTE: For tumors within 2 cm of the skin, it may be difficult to meet the values for D2cm and R50%. 
In these cases, these criteria will not be used. 
 
Note: Deviation Unacceptable occurs when dose limits for Variation Acceptable are not met 
 
Target Volume Constraints and Compliance Criteria 
 
Note: These criteria should be evaluated for each metastasis by considering only dose delivered within 
the same session (i.e., while suppressing dose from plans delivered on different days)..  Prescription 
doses outside of the variation acceptable range will be scored as Deviation Unacceptable. Scoring of 
PTV coverage will be: acceptable if ≥ 95%, variation acceptable if 70-95%, deviation unacceptable if < 
70%. 
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Table 7: Target volume constraints and compliance criteria 

Name of 
Structure 

Number of Fractions 
Dosimetric 
parameter 

Per Protocol 
Variation 

Acceptable 

Notes 
(Please 
remove 

this 
column 
when 
notes 

are not 
needed) 

PTV  
Dose 

Heterogeneity 
60-90%  

 

High-dose 
spillage 

105% 
isodose line 
inside PTV 

 
 

Conformity 
Index 

1.2 1.5 
 

50% Conformity 
Index (R50) See  

Table 6 and descriptions 
before  
Table 6 

 

Maximum dose 
at 2 cm from 
PTV (D2cm) 

 

PTV for Non-
osseous Sites 

1 
(Single fraction 
regimen will be 
limited to peripheral 
lung and single liver 
metastases only with 
the approval of the PI 
or Radiation therapy 
PI.) 

Prescription 
Dose (cGy) 

3000 2800-3030 

 

PTV Coverage 
(%) 

95 70-95 

 

3 
(Preferred for lung-
peripheral, liver, and 
abdominal-pelvic 
metastases) 

Prescription 
Dose (cGy) 

4500 4250-4550 

 

PTV Coverage 
(%) 

95 70-95 
 

5 
(Preferred for central 
lung. Mediastinal/ 
cervical lymph nodes) 

Prescription 
Dose (cGy) 

5000 4800-5050 
 

PTV Coverage 
(%) 

95 70-95 
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PTV for 
osseous sites 

1 
(Single fraction 
regimen will be 
limited to spinal 
metastases only with 
the approval of the PI 
or Radiation therapy 
PI.) 
 

Prescription 
Dose (cGy) 

2000 1400-2020 

 

PTV Coverage 
(%) 

95 70-95 

 

3 
(Preferred for non-
spinal metastases) 

Prescription 
Dose (cGy) 

3000 2700-3030 

 

PTV Coverage 
(%) 

95 70-95 

 

5 
(Preferred for 
thoracic/cervical 
spine) 

Prescription 
Dose (cGy) 

3500 3000-3540 

 

PTV Coverage 
(%) 

95 70-95 

 

Per Protocol range is excluded from Variation Acceptable range. 
 
Normal Structure Constraints and Compliance Criteria 
NOTE: If a point (0.03 cc) inside an OAR has > 5 Gy total dose contribution on the composite plan from 
multiple treatment sites, it is strongly suggested that the same dose scheme be used to treat all sites. 
 
NOTE: If different dose schemes are used in a given patient, dose limits to OAR receiving > 1 Gy 
contribution from treatment of individual metastases will be evaluated according to the table with the 
lowest number of treatment fractions (e.g., Table 5 and Table 7 for a single fraction will be used to 
assess OAR limits when a patient is treated with 1 and 5 fraction dose schemes). 
 
Table 8: OAR Per Protocol Dose Limits for Single Fraction SBRT 

Name of Structure Dosimetric 
parameter 

Per Protocol  Endpoint/Notes 
(Please remove this 
column when notes 
are not needed) 

Serial Organ 
SpinalCord 
 
 
 

V10Gy [cc] < 0.35 cc  Myelitis 
(RTOG 
0915/Timmerman) 

V10Gy [%] < 10% partial 
spinal cord 

Myelitis (RTOG 
0631) 
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V8Gy [cc] < 1.2 cc Myelitis 
(Timmerman) 

V14Gy [cc] < 0.03 cc Myelitis 
(0915/Timmerman) 

BrachialPlex (Ipsilateral)  
 

V17.5Gy [cc]  < 0.03 cc  Neuropathy  
(0915/Timmerman) 

V14Gy [cc] <3 cc Neuropathy 
(0915/Timmerman) 

CaudaEquina 
 

V16Gy [cc] < 0.03 cc Neuritis 
(RTOG 
0631/Timmerman) 

V14Gy [cc] < 5 cc Neuritis 
(RTOG 
0631/Timmerman) 

SacralPlex V18Gy [cc] < 0.03 cc Neuropathy 
(RTOG 0631) 

  
V14.4Gy [cc] < 5 cc Neuropathy 

(RTOG 
0631/Timmerman) 

Trachea and Ipsilateral 
Bronchus* 

V20.2Gy [cc] < 0.03 cc Stenosis/Fistula 
(0915/Timmerman) 

  V17.4Gy [cc] < 4 cc Stenosis/Fistula 
(Timmerman) 

Esophagus* V15.4Gy [cc] < 0.03 cc Stenosis/Fistula 
(RTOG 0631) 

  
V11.9Gy [cc] <5 cc Stenosis/Fistula 

(RTOG 0915/ RTOG 
0631/ Timmerman) 

Heart/Pericardium V22Gy [cc] < 0.03 cc Pericarditis 
(RTOG 
0631/Timmerman) 

  
V16Gy [cc] < 15 cc Pericarditis 

(RTOG 
0631/Timmerman) 

GreatVes V37Gy [cc] < 0.03 cc Aneurysm 
(RTOG 0915/RTOG 
0631/ Timmerman) 

  
V31Gy [cc] < 10 cc Aneurysm 

(RTOG 0915/RTOG 
0631/ Timmerman) 

Skin V27.5Gy [cc] < 0.03 cc Ulceration 
(Timmerman) 

  V25.5Gy [cc] < 10 cc Ulceration 
(Timmerman) 

Stomach V22Gy [cc] < 0.03 cc Ulceration/fistula 
(Timmerman) 

  V17.4Gy [cc] < 5 cc Ulceration/fistula 
(Timmerman) 

Duodenum* V17Gy [cc] < 0.03 cc Ulceration 
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(Timmerman) 

  
V11.2Gy [cc] < 5 cc Ulceration 

(RTOG 
0631/Timmerman) 

  V9Gy [cc] < 10 cc Ulceration 
(Timmerman) 

Bowel* V29.2Gy [cc] < 0.03 cc Colitis/Fistula 
(Timmerman) 

  V18Gy [cc] < 20 cc Colitis/Fistula 
(Timmerman) 

Rectum* V44.2Gy [cc] < 0.03 cc Proctitis/Fistula 
(Timmerman) 

  V39Gy [cc] < 3.5 cc Proctitis/Fistula 
(Timmerman) 

  V22Gy [cc] < 20 cc Proctitis/Fistula 
(Timmerman) 

Bladder V25Gy [cc] < 0.03 cc Cystitis/Fistula 
(Timmerman) 

  V12Gy [cc] < 15 cc Cystitis/Fistula 
(Timmerman) 

Ureter_R, Ureter_L V35Gy [cc] < 0.03 cc Stenosis 
(Timmerman) 

Penile bulb V16Gy [cc] < 3 cc Impotence 
(Timmerman) 

Femur_R, Femur_L V15Gy [cc] < 10 cc Necrosis 
(Timmerman) 

Bile duct V30Gy [cc] < 0.03 cc Stenosis 
(Timmerman) 

Kidney_Hilum_R, 
Kidney_Hilum_R/vascular 
trunk 

V14Gy [cc] < 15 cc Malignant 
Hypertension  
(Timmerman) 

Rib V33Gy [cc] < 0.03 cc Pain or Fracture 
(Timmerman) 

  V28Gy [cc] < 5 cc Pain or Fracture 
(Timmerman) 

Parallel Organ 
Lungs (total) V8Gy [%] < 37% lung 

volume 
 Pneumonitis 

(Timmerman) 

  
CV7Gy [cc] > 1500 cc Basic lung function 

(Timmerman) 

  
CV7.6Gy [cc] > 1000 cc Basic lung function 

(Timmerman) 
Kidneys CV9.5Gy [cc] > 200 cc Basic Renal 

Function 
(Timmerman) 

Liver CV11Gy [cc] > 700 cc Liver function 
(Timmerman) 

*NOTE: Every effort should be made to avoid circumferential irradiation. 
Per Protocol range is excluded from Variation Acceptable range. 
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Table 9:  OAR Dose Limits for 3-fraction SBRT 
Structure Dosimetric 

parameter 
Per Protocol Variation 

Acceptable 
Endpoint/Notes 
(Please remove 
this column 
when notes are 
not needed) 

Serial Organ 
SpinalCord V22.5Gy [cc] < 0.03 cc  Myelitis 

(Timmerman) 

  V13Gy [cc] < 1.2 cc Myelitis 
(Timmerman) 

BrachialPlexs Ipsilateral V26Gy [cc] <0.03 cc Brachial 
Plexopathy 
(Timmerman) 

  
V22Gy [cc] < 3 cc Brachial 

Plexopathy 
(Timmerman) 

CaudaEquina V25.5Gy [cc] < 0.03 cc Neuritis 
(Timmerman) 

  V21.9Gy [cc] < 5 cc Neuritis (AAPM 
TG-101) 

SacralPlexs V24Gy [cc] < 0.03 cc Neuropathy 
(AAPM TG-101) 

  V22.5Gy [cc] < 5 cc Neuropathy 
(AAPM TG-101) 

Trachea and Ipsilateral 
Bronchus* 

V30Gy [cc] < 0.03 cc Stenosis/Fistula 
(Z4099) 

  V25.8Gy [cc] < 5 cc Stenosis/Fistula 
(Timmerman) 

Esophagus* V27Gy [cc] < 0.03 cc Stenosis/Fistula 
(Timmerman 
2006 
/RTOG 0618) 

  V17.7Gy [cc] < 5 cc Stenosis/Fistula 
(Z4099) 

Heart/Pericardium V30Gy [cc] < 0.03 cc Pericarditis 
(Z4099) 

  V24Gy [cc] < 15 cc Pericarditis 
(Z4099) 

GreatVes V45Gy [cc] < 0.03 cc Aneurysm 
(Z4099) 

  V39Gy [cc] < 10 cc Aneurysm 
(Z4099) 

Skin V33Gy [cc] < 0.03 cc Ulceration 
(Z4099) 

  V31Gy [cc] < 10 cc Ulceration 
(Timmerman) 

Stomach V30Gy [cc] < 0.03 cc Ulceration/Fistula 
(Timmerman) 
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  V22.5Gy [cc] < 10 cc Ulceration/Fistula 
(Timmerman) 

Duodenum* V24Gy [cc] < 0.03 cc Ulceration 
(Timmerman 
2006) 

  
V15Gy [cc] < 10 cc Ulceration 

(Timmerman 
2006) 

Bowel* V34.5Gy [cc] < 0.03 cc Ulceration 
(Timmerman) 

  V24Gy [cc] < 20 cc Colitis/Fistula 
(Z4099) 

Rectum* V49.5Gy [cc] < 0.03 cc Ulceration 
(Timmerman) 

  V45Gy [cc] < 3.5 cc Proctitis/Fistula 
(Timmerman) 

  V27.5Gy [cc] < 20 cc Proctitis/Fistula 
(Timmerman) 

Bladder V33Gy [cc] 0.03 cc Cystitis/Fistula 
(Timmerman) 

  V16.8Gy [cc] < 15 cc Cystitis/Fistula 
(AAPM TG-101) 

Ureter V40Gy [cc] < 0.03 cc Stenosis 
(Timmerman) 

Penile bulb V25Gy [cc] < 3 cc Impotence 
(Timmerman) 

Femurs V24Gy [cc] < 10 cc Necrosis 
(Timmerman) 

Bile duct V36Gy [cc] < 0.03 cc Stenosis 
(Timmerman) 

Kidney_Hilum_R, 
Kidney_Hilum_R/vascular 
trunk 

V19.5Gy [cc] < 15 cc Malignant 
Hypertension 
(Timmerman) 

Rib V50Gy [cc] < 0.03 cc Pain or Fracture 
(Timmerman 

  V40Gy [cc] < 5 cc Pain or Fracture 
(Timmerman 

Parallel Organ 
Lungs V20Gy [%] < 15% lung 

volume 
≤ 110% of the 
dose prescribed 
to the PTV 

Pneumonitis/Lung 
Function (RTOG 
0618) 

  V11Gy [%] < 37% lung 
volume 

Pneumonitis 
(Timmerman) 

  
CV10.5Gy [cc] > 1500 cc Basic Lung 

Function 
(Z4099) 

  CV11.4Gy [cc] > 1000 cc Pneumonitis 
(Z4099) 

Kidneys CV15Gy [cc] > 200 cc Basic Renal 
Function 
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(Timmerman) 
Liver CV17.1Gy [cc] > 700 cc Basic Liver 

function 
(Timmerman 
2006/Z4099) 

*NOTE: Every effort should be made to avoid circumferential irradiation. 
 
Table 10: OAR Dose Limits for 5-fraction SBRT 
Structure Dosimetric 

parameter 
Per Protocol Variation 

Acceptable 
Endpoint/Notes 
(Please remove 
this column 
when notes are 
not needed) 

Serial Organ 
SpinalCanal V28Gy [cc] < 0.03 cc  Myelitis 

(Timmerman) 

  V22Gy [cc] < 0.35 cc Myelitis 
(Timmerman) 

  V15.6Gy [cc] < 1.2 cc Myelitis 
(Timmerman) 

BrachialPlex Ipsilateral V32Gy [cc] < 0.03 cc Brachial 
Plexopathy 
(RTOG 0813) 

  
V30Gy [cc] < 3 cc Brachial 

Plexopathy 
(RTOG 0813) 

CaudaEquina V32Gy [cc] < 0.03 cc Neuritis 
(AAPM TG-101) 

  V30Gy [cc] < 5 cc Neuritis 
(AAPM TG-101) 

SacralPlexs V32Gy [cc] < 0.03 cc Neuropathy 
(AAPM TG-101) 

  V30Gy [cc] < 5 cc Neuropathy 
(AAPM TG-101) 

Trachea and Ipsilateral 
Bronchus* 

V40Gy [cc] < 0.03 cc Stenosis/Fistula 
(Timmerman) 

  V32Gy [cc] < 5 cc Stenosis/Fistula 
(RTOG 0813) 

Esophagus* V35Gy [cc] < 0.03 cc Stenosis/Fistula 
(Timmerman) 

  V27.5Gy [cc] < 5 cc Stenosis/Fistula 
(RTOG 0813) 

Heart/Pericardium V38Gy [cc] < 0.03 cc Pericarditis  
(Timmerman)  

  V32Gy [cc] < 15 cc Pericarditis 
(RTOG 0813) 

GreatVes V53Gy [cc] < 0.03 cc Aneurysm 
(Timmerman) 

  V47Gy [cc] < 10 cc Aneurysm 
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(RTOG 0813) 
Skin V38.5Gy [cc] <0.03 cc Ulceration 

(Timmerman) 

  V36.5Gy [cc] <10 cc Ulceration 
(Timmerman) 

Stomach V35Gy [cc] <0.5 cc Ulceration/Fistula 
(Timmerman) 

  V26.5Gy [cc] <5 cc Ulceration/Fistula 
(Timmerman) 

Duodenum* V30Gy [cc] <0.5 cc Ulceration 
(RTOG 1112) 

  
V18.3Gy [cc] < 5 cc Ulceration 

(Timmerman 
2006) 

Bowel* V40Gy [cc] < 0.03 cc Ulceration 
(Timmerman) 

  V28.5Gy [cc] < 20 cc Colitis/Fistula 
(Timmerman) 

Rectum* V55Gy [cc] < 0.03 cc Ulceration 
(Timmerman) 

  V50Gy [cc] < 3.5 cc Proctitis/Fistula 
(Timmerman) 

  V32.5Gy [cc] < 20 cc Proctitis/Fistula 
(Timmerman 

Bladder V38Gy [cc] < 0.03 cc Cystitis/Fistula 
(Timmerman) 

  V20Gy [cc] < 15 cc Cystitis/Fistula 
(Timmerman) 

Ureter V45Gy [cc] < 0.03 cc Stenosis 
(Timmerman) 

PenileBulb V30Gy [cc] < 3 cc Impotence 
(Timmerman) 

Femurs V30Gy [cc] < 10 cc Necrosis 
(Timmerman) 

BileDuct_Common V41Gy [cc] < 0.03 cc Stenosis 
(Timmerman) 

Kidney_Hilum_R, 
Kidney_Hilum_R/vascular 
trunk 

V23Gy [cc] < 15 cc Malignant 
Hypertension 
(Timmerman) 

Rib V57Gy [cc] < 0.03 cc Pain or Fracture 
(Timmerman) 

  V45Gy [cc] < 5 cc Pain or Fracture 
Parallel Organ 

Lungs V13.5Gy [%] < 37% lung 
volume 

≤ 110% of the 
dose prescribed to 
the PTV 

Pneumonitis 
(Timmerman) 

  
CV12.5Gy [cc] > 1500 cc Basic Lung 

Function 
(RTOG 0813) 

  
CV13.5Gy [cc] > 1000 cc Pneumonitis 

(RTOG 0813) 
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Kidneys CV18Gy [cc] > 200cc Basic Renal 
Function 
(Timmerman) 

Liver CV21Gy [cc] >700 cc Basic Liver 
Function 
(Timmerman) 

*NOTE: Every effort should be made to avoid circumferential irradiation. 
 
Delivery Compliance criteria 
 
Table 11: Delivery compliance criteria 
 Per Protocol Variation Acceptable Deviation 

Unacceptable 
Fraction interval Each metastasis is treated 

on an every other day 
schedule (≥ 40 hours). 
Not all metastases need to 
receive radiation therapy 
on the same day. 

  

Treatment delays 

   

Treatment duration 
SBRT for all metastases 
should be completed 
within 3 weeks of the first 
dose of SBRT, and within 
6 weeks of 
randomization/registration 

SBRT for all metastases 
should be completed 
within 4 weeks of the first 
dose of SBRT, and within 
6 weeks of 
randomization/registration 

Treatment 
completed > 4 
weeks 

 
-Proton Therapy Plan Robust Evaluation 
For proton plans using robust optimization to the GTVs/CTVs, robust evaluation should be conducted 
with the following scenarios: translation setup uncertainty with the left-right, anterior-posterior, and 
superior-inferior directions, and range uncertainties (a total of 8 scenarios, setup and range uncertainties 
are evaluated separately), using the same setup and range robust planning parameters during the 
treatment planning. OARs with PRVs may also be evaluated robustly, tabulating worst-case scenario 
doses in place of PRV expansions. For free-breathing treatments evaluated with 4DCT, it is also 
recommended to include the maximum and minimum respiratory phases in the robust evaluation. 
 
5.2.8 Treatment Planning Priorities and Instructions 
 
- Critical Structure and Target priorities must be listed in order of decreasing importance (We may also 
use one importance factor for a group of structures). 
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The spinal canal, Brachial plexus, and sacral plexus doses are absolute limits, as these are considered 
critical organs; treatment delivery that exceeds these limits will constitute an unacceptable deviation. 
However, some OARs (i.e., the esophagus, trachea, bronchi and heart within the lung) may be situated 
adjacent to the treated GTV/PTV. As such, there is no specified limit as tumors that are immediately 
adjacent to that organ will not be able to be treated to the prescription doses without irradiating a small 
volume of that organ to the prescribed dose. In such a case, the planning must be accomplished so that 
there is no hot spot within that organ, even if that organ is part of the GTV/PTV, i.e., that no part of any 
serial OAR receives more than 105% of the prescribed dose (deviation unacceptable). In addition, the 
volume of the OAR in question needs to be minimized, both in length and in the width (i.e., 
circumference), with efforts made to reduce the dose to the contralateral wall of the organ. For parallel 
OAR, exceeding the doses in the tables (5-7, 5-8, 5-9) by more than 110% of the prescribed dose will 
be considered an unacceptable deviation. 
 
For non-critical serial OARs with known sensitivity to high doses of radiation (including the bowel, 
esophagus, and stomach) included within a PTV or immediately adjacent to PTVs, a prescription dose 
at the lower end of acceptable variation should be used. Additionally, every effort should be made to 
cover the GTV with the prescription dose while ensuring rapid falloff to the organ at risk. Coverage of 
a section of PTV including or immediately adjacent to the OAR may be as low as 70% of the prescription 
dose ONLY in this situation. Every effort should be made to cover 100% of the GTV by the prescription 
dose at the lower end of acceptable variation. Since the tumor and normal tissue may not allow strict 
avoidance, the larger volume limits will not be scored as unacceptable deviations if exceeded. 
 
For tumors that are not immediately adjacent to any OAR, centers are encouraged to observe prudent 
treatment planning principles in avoiding unnecessary radiation exposure to critical normal structures; 
we expect that the OAR doses will be as low as achievable (ideally, < 6 Gy/fraction). 
 
Recent reports have highlighted that the rib and chest wall in proximity to the treated lesion may 
represent an organ at risk for complication. Tumor location, particularly when located peripherally, will 
enhance the potential risk for chest wall toxicity. While target coverage should not be compromised to 
limit dose to the rib/chest wall, every effort should be made to minimize dose to this OAR. 
 

Every attempt should be made to successfully satisfy all of the planning goals and OAR criteria without 
receiving a plan score of Deviation Unacceptable. In some circumstances, it may not be possible to meet 
all the ideal criteria, leading to plans in the Variation Acceptable range. Thus, suggested priority of 
planning goals in order of importance is: 
 

1. Respect spinal canal, cauda equina, sacral plexus and brachial plexus dose constraints. 
2. Meet dose “compactness” constraints including the prescription isodose surface coverage, high-

dose spillage (location and volume), and intermediate dose spillage (D2cm, and R50%) as these 
define the aim in using SBRT. Dose compactness should be assessed for plans based on treatment 
dose for a single plan at a time. OAR dose constraints should be met based on composite dose 
planning as discussed in the last subsection of Section 5.2.2. 

3. Meet critical structure constraints other than those listed in item 1 above. The OAR constraints 
are last in priority (except for nervous system tolerance) because they are the least validated. The 
aim of a stereotactic plan is captured mostly in the dose compactness criteria, thereby justifying 
their higher priority. As an example, in a case where not all goals can be met, it would be 
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suggested to meet dose compactness goals without deviation, even at the expense of a non-
critical normal tissue having acceptable deviation. Unacceptable deviations should be avoided 
in all cases. 

4. In cases where PTV coverage cannot be achieved while avoiding unacceptable deviations to 
OAR (see Section 5.2.5), coverage of a section of PTV including or immediately adjacent to the 
OAR may be as low as 70% of the prescription dose ONLY in this situation. Please contact 
Study Team when this is done to ensure this is not scored as a Deviation Unacceptable. 

 
- Required algorithms  
All dose distributions shall include corrections for tissue heterogeneities. The approved algorithms to be 
used are found on the IROC Houston website (http://irochouston.mdanderson.org). Any algorithm used 
for this study must be credentialed by IROC Houston.  
 
The calculation of photon dose deposition may be performed using convolution-algorithm techniques, 
superposition techniques, or Monte Carlo techniques.   
 
Monte Carlo dose engine is required for proton due to its wide availability and better accuracy for 
superficial targets treated with range shifter and treatment beams traversing lung. 
 
For Convolution/Superposition type algorithms, dose should be reported as computed inherently by the 
given algorithm.   For Monte Carlo or Grid Based Boltzmann Solver algorithms, conversion of Dm 
(dose-to-medium) to Dw (dose-to-water) should be avoided. Dm, computed inherently by these 
algorithms, should be reported.  
 
- Dose matrix resolution 
Dose grid size should be ≤ 2 mm in all directions. 
 
The TPS may assign electron densities or physical densities for each voxel in the volumetric planning 
image to account for tissue density for beam attenuation and dose calculation.  The following techniques 
may be used for density assignment: 

 Voxel-by-voxel assignment using an appropriate image value density table 
 Assignment of specific ROIs to specific uniform density values appropriate to the ROI; examples 

include density overrides to correct for image artifacts (e.g. due to the presence of highly 
attenuating materials), or to remove from the image any contrast agent that was present during 
simulation. 

 
Only non-contrast CT should be used for proton planning. In some instances, plastic surgical shunts may 
appear radio-opaque and require appropriate HU override. Beams passing through unknown materials 
(like dental filling) should be avoided with margin. 
 
An accurate accounting of the variable tissue density within the planning image shall be done within the 
TPS.  For CT-based planning, a CT-number-to-electron-density or CT-number-to-physical density table 
shall be measured within the institution’s imaging system and reviewed and credentialed as appropriate. 
For MR-based planning, an atlas-based “synthetic CT” image with appropriate densities assigned to all 
regions of interest may be obtained from the planning MR image. MRI images or synthetic CTs (from 
other modalities) should not be used as the primary planning images for proton therapy. 
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-List treatment planning recommendations and give link to FAQs 
 

 Isocenter Placement 
When using a gantry mounted linear accelerator for this protocol, the isocenter is defined as the 
common intersection point of gantry, collimator, and couch rotation for the treatment unit. For 
other types of treatment units (e.g., Tomotherapy or CyberKnife), a reference point in space that 
is typically positioned at the center of the target is used instead of a mechanical isocenter. 

 
When treating multiple lesions, it is best to use multiple isocenters, each centered on a separate 
lesion, and to treat different targets on different days in order to decrease treatment time for a 
single day. For widely spaced lesions (over 10 cm apart), localization is improved when the 
isocenter is placed in the center of each target and image guidance is performed individually for 
each target. This is due to the limitation of most IGRT systems, which ignore necessary rotational 
corrections when table shift coordinates are derived. Some platforms, including Cyberknife and 
Tomotherapy, are inherently non-isocentric. These platforms take special account in the setup 
and treatment process to rigorously detect and account for rotations to avoid errors, making them 
exempt from the separate isocenter for each lesion requirement. For other platforms, the use of 
a single isocenter to treat multiple lesions in proximity to each other may be allowed if the 
institution has successfully been credentialed by IROC Houston QA Center’s phantom 
irradiation for SBRT treatment of 2 lesions with a single isocenter setup. Please contact the PIs 
directly before utilizing a single isocenter to treat multiple metastases. 

 
 Planning techniques 

A variety of planning techniques can be used to deliver SBRT for each metastasis. General 
guidelines include the following: 
o Multiple coplanar or non-coplanar beam arrangements are acceptable. 
o For 3DCRT approaches, typically, 7-13 static radiation beams with equal weighting are used. 

It is recommended that at least 10 beams be used when possible. 
o For 3DCRT approaches, a minimum field dimension should be observed that is no smaller 

than the smallest field size accurately commissioned within the site’s treatment planning 
system. Field sizes smaller than 3 cm require approval from the physics co-chair before use. 
It is understood that this minimum validated field size may exceed the physical requirements 
for small lesions. In such cases, the prescription dose is still prescribed to the edge of the 
defined planning treatment volume (PTV).  

o For sites using dose painting including VMAT and IMRT techniques, where the entire PTV 
is not encompassed for each beam by design, smaller beam apertures are allowed.  

o Dynamic conformal arcs are acceptable. It is recommended that arcs span a total for all beams 
of 340 degrees. 

o For non-IMRT or dose painting techniques, the conformal field aperture size and shape 
should correspond nearly identically to the projection of the PTV along a beam’s eye view 
(i.e., no additional “margin” for dose buildup at the edges of the blocks or MLC jaws beyond 
the PTV). The only exception will be when observing the minimum field dimension of 3 cm 
when treating small lesions. 

o The prescription isodose line covering 95% the PTV will generally be 80-90% but may range 
from 60-90% where the maximum dose is 100%. As a result, a “hotspot” will exist within 
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the PTV that is equal to the prescription dose divided by the prescription isodose line (i.e., 
45 Gy/0.6 = 75 Gy when 45 Gy is prescribed to the 60% isodose). 

o Doses higher than the prescription isodose (i.e., hotspots) should be manipulated to occur 
within the target. 

 
 Composite Dose Calculations 

When a single-isocenter treatment is not feasible, composite plans must be generated to 
incorporate the dose to surrounding normal tissues from each treated target. The composite doses 
to critical normal tissues will be used to evaluate protocol compliance. The in-plane resolution 
and any hard requirements on the resolution of the dose calculation grid are left at the discretion 
of the PI. 
Composite treatment planning is best accomplished by obtaining a planning CT dataset that 
incorporates all targets and relevant critical structures in the imaging study. If this is not possible 
due to restrictions on the size of the imaging study that can be managed by the treatment planning 
system, CT datasets should be divided into two parts and treatment fields should be adjusted so 
that dose spillage from the treatment of targets in one dataset to the next is minimal such that the 
dose contributions do not require summation. The two datasets should be obtained so that they 
have some amount of overlap that can be used to fuse the information using a rigid registration 
technique. The use of deformable registration to sum dose for this purpose is not allowed. 
In general, it is best to perform CT scanning with the patient in the same position. This implies 
that, for example, all lesions planned on a gated CT scan must be treated with gating. If technical 
limitations are encountered in summing dose, contact the Study Chairs with questions regarding 
composite planning. 
 

 Planning SBRT Near Prior Radiotherapy Volumes 
The toxicity of delivering SBRT to multiple metastases in close proximity to prior 
conventionally fractionated EBRT volumes is not known. Therefore, overlap of protocol 
treatment SBRT isodoses with prior fractionated external beam volumes must be minimized. 
The cumulative doses will be evaluated as physical doses (PD), biologically equivalent doses 

(𝐵𝐸𝐷 ൌ ሺ𝑛𝑑ሻሺ1൅ ௗ

ఈ/ఉ
ሻ) or Equivalent Doses in 2Gy/fx scheme (𝐸𝑄𝐷2 ൌ ஻ா஽

ଵା మ
ഀ/ഁ

ሻ, where the α/β 

ratio is provided for each structure of interest. When image registration (rigid or deformable) is 
used to evaluate cumulative doses, the quality of the registration and its suitability for clinical 
use is left at the discretion of the treating physician-physicist team. In cases when one global 
registration (rigid or deformable) encompassing all the structures of interest cannot establish a 
sufficiently accurate mapping between the image sets used for treatment planning, cumulative 
doses for critical structures can be calculated by using a local image mapping (rigid or 
deformable) over a region encompassing a certain structure of interest (therefore multiple 
registrations will be required).  

 
5.2.9 Patient Specific QA 
Any patient-specific QA that needs to be acquired should follow institutional guidelines. 
 
For IMRT including VMAT techniques, patient specific QA is highly recommended. Any patient-
specific QA performed should follow institutional guidelines. Participants are encouraged to review 
AAPM Task Group 218 regarding the criteria for tolerance limits (95% of the comparison points to pass 
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a ±3%/2mm and a 10% dose threshold Gamma Index analysis) and action limits (90% of the comparison 
points to pass a ±3%/2mm and a 10% dose threshold Gamma Index). 
  
For forward-planned EBRT delivery, verification of the MU calculation for each field within the TPS 
shall be performed prior to administration of the first fraction. Heterogeneity corrections shall be used 
for the MU verification calculations if they were incorporated into the TPS MU calculation. Acceptable 
differences between the TPS and verification calculations for MU may be determined by the institution, 
subject to protocol credentialing and approval. The TPS MU calculation takes precedence and shall only 
be modified to match the verification MU if during the course of treatment, the patient thickness along 
a given beam direction is observed to change enough to affect a > 5% difference in the dose contributed 
by that beam. 
 
For inverse-planned EBRT delivery, although an automated MU verification calculation may be 
permitted subject to protocol credentialing and approval, a direct measurement of the dose distribution 
from the designated treatment system shall be performed prior to delivery of the first fraction. All 
components of the inverse-plan verification technique, including the planning system, treatment 
machine, and detector hardware and analysis procedure, shall be credentialed according to guidelines 
established by IROC-Houston for protocols utilizing inverse planning.  

For passive scattered or uniform scanned proton beam plans that utilize a patch field, patient specific 
QA must be performed with the compensator.  
 
For IMPT plan QA, measurement in multiple layers is required. 

5.2.10 Daily Treatment Localization/IGRT 
Image-guided radiation therapy (IGRT) is radiation therapy using imaging to facilitate accuracy and 
precision throughout its entire process from target and normal tissue delineation, to radiation delivery, 
to adaptation of therapy to anatomic and biological changes over time in individual patients. In this 
section we use the terminology IGRT to focus on image-guidance at the time of radiation delivery to 
ensure its adherence to the planned treatment. 
 
As an SBRT protocol, this study requires the use of IGRT. Position-verification imaging shall be 
performed prior to every fraction delivery.  
 
Required verification imaging techniques include the following: 

 On-board cone-beam CT (kVCBCT or MVCBCT) 
 MRI (MR linacs) 
 Fan-beam kVCT (CT-on-rails) 
 Fan-beam MVCT  
 On-board PET/CT  

 
Acceptable additional verification imaging techniques include the following: 

 Fluoroscopy (either kilovoltage or megavoltage) may be used for motion-correlated delivery 
techniques 

 Tomosynthesis (either kV or MV) 
 Surface-guidance 



 

52 
 

 
Acceptable treatment field portal verification: 

 Planar imaging (port films), for treatment fields and/or orthogonal fields; treatment-field portal 
imaging is applicable only for forward-planned EBRT; port films that are incident through the 
treatment couch should be avoided if possible; either kilovoltage or megavoltage planar films 
are acceptable 

 
For a given protocol, it may be necessary to limit the imaging technique based on the disease site. For 
example, orthogonal imaging techniques result in overlapping structures that are not as easily visualized 
compared to 3D volumetric imaging approaches. Simple portal imaging approaches that do not use 
computer assistance are not considered suitable for this study. 
 
When the treatment equipment does not include any device that allows direct visualization of anatomical 
structures using the treatment beam, the recommendations of AAPM Task Group Report 142 for testing 
the coincidence of the imaging and treatment reference points must be implemented. For example, 
verification of treatment and imaging isocenter coincidence must be performed routinely for the 
CyberKnife, Tomotherapy units as well as any BrainLab equipment that does not include an electronic 
portal imaging device (EPID) that intercepts the treatment beam. 
 
Image-guided Patient Position Refinement 
 
Prior to fraction delivery, the positioning of the patient may be refined using any of the above-listed 
verification imaging techniques.  A reference image from the TPS shall be used for comparison with the 
verification image.  Patient position refinement may either be translational only (along the three cardinal 
directions:  lateral, longitudinal, or vertical), or it may include rotational corrections (pitch, roll, and 
yaw).  The basis of the IGRT alignment shall be determined prior to the first fraction delivery and 
documented in the patient’s electronic medical record.  Criteria for internal review of the repositioning 
shall be established by the institution and subject to review and credentialing by the protocol.  If required 
by the protocol, verification imaging following the patient repositioning shall be acquired, the frequency 
of which shall be determined by the protocol. 
 
The following information should be provided for Localization guidance 

 Will simple isocenter localization technique be used at beginning of treatment and weekly 
thereafter? 

 Will more advanced IGRT techniques be used? 
 Is IGRT tied to margin reduction? 
 Allowed image guidance methods: 2D x-ray, 3D-xray, electromagnetic localization, optical 

surface imaging, other 
 Image registration techniques: fiducial markers, bone as surrogate, soft tissue, other 
 State the frequency for localization checks  
 Give recommendations for correcting (e.g. correcting for linear shifts less than 1 mm is not 

recommended) 
 Recording of shift information must be provided for the IGRT credentialing process 
 Other 

 
The minimum IGRT requirement for each metastatic location is listed in Table . Volumetric imaging 
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refers to 3D modalities (e.g., kV cone-beam, MV cone-beam, CT on rails), while orthogonal imaging 
refers to 2D modalities (e.g., kV OBI, ExacTrac). For volumetric imaging, appropriate CT window/level 
thresholds must be employed for registration at each metastatic location as outlined in Table 1. 
Additional IGRT may be employed at the discretion of the treating physician (i.e., orthogonal kV 
imaging prior to required volumetric imaging or volumetric imaging even if only orthogonal kV imaging 
is required). Note that when orthogonal kV imaging 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 iGTV 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. 
 
Table 12: The minimum IGRT requirement for each metastatic location. 

Metastatic Location Minimum IGRT Requirement 

  No Fiducials With Fiducials** 

Lung--Peripheral+ Volumetric (3D) Orthogonal kV (2D) 

Lung—Central+ Volumetric (3D) Orthogonal kV (2D) 

Mediastinal/Cervical LN Volumetric (3D) N/A 

Liver+ Volumetric (3D) Orthogonal kV (2D) 

Spinal Orthogonal kV (2D) Orthogonal kV (2D) 

Osseous* Orthogonal kV (2D) N/A 

Abdominal-pelvic+ Volumetric (3D) Orthogonal kV (2D) 

*NOTE: When osseous/rib metastases are classified into another metastatic location, follow the IGRT 
guidelines for that site. 
 
**NOTE: When a metastasis contains an implanted fiducial that is clearly visible on kV orthogonal or 
volumetric imaging, either method can be used. 
 
+NOTE: Registration to a soft tissue surrogate for the tumor is recommended for lung, liver, and 
abdominal-pelvic metastases for both 3D and 2D IGRT datasets. 
 
Use of a shortened CT planning scan for registration may be important for IGRT systems that cannot 
handle a large number of CT slices. A subset of the planning CT scan can be uploaded to the IGRT 
system for localization of each metastasis. The CT data should include the metastasis of interest plus at 
least 5cm superiorly and inferiorly. Please note that the composite dose must be calculated on a single 
CT scan encompassing all pertinent OAR (see Section 5.2.1) 
 
Management of Radiation Dose to the Patient from IGRT 

NRG Oncology is concerned about the estimated irradiation 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). For such patients, it is recommended that they be re-simulated and/or re-planned and 
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treated with larger margins after the first week of treatment. 

If possible, verification imaging dose shall be calculated or estimated within the TPS.  An action level 
for excess dose due to unplanned verification imaging, as well as the measures to take if the action level 
is reached or exceeded, shall be established by the institution and subject to approval by the protocol. 

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


