4.2 Radiation Therapy
Only conformal techniques (3DCRT or IMRT) will be allowed in this study.  Two dimensional techniques not employing volumetric target volume definition and 3D assessments of radiation dose are not allowed.  All centers participating in the protocol are expected to complete 3DCRT/IMRT accreditation according to the procedures outlines in the NABTT Radiation Oncology QA plan (www.nabtt.org). 
4.2.1
Equipment
Modality: All patients must be treated with a linear accelerator with nominal photon energy between 6 to 18 MV. Co-60 is not allowed on this study.  Electrons and protons may not be used.
Calibration: The calibration of therapy machines used in this protocol shall be verified by the Radiological Physics Center (RPC).

4.2.2
Treatment Volumes
The goal of the treatment planning process is to deliver a uniform dose to a PTV which includes all known tumor plus a specified margin.  The volume of normal brain outside the PTV receiving > 95% of the prescription dose should be minimized.  For treatment planning, the PTV is defined below.  

4.2.2.1 Gross Tumor Volumes (GTV):  

4.2.2.1.1 GTV1

The GTV1 is the T1 enhancing and non-enhancing tumor volume (T2 or FLAIR) as visualized on the postoperative day 0/1 MRI scan.  In cases when another MRI is performed for protocol eligibility or for clinical reasons and the second MRI indicates progression, the more recent MRI should be utilized for treatment planning.
4.2.2.1.2 GTV2

The GTV2 is the T1 enhancing tumor volume as visualized on the postoperative day 0/1 MRI scan.  This would include the resection cavity in patients undergoing resection.  In cases when another MRI is performed for protocol eligibility or for clinical reasons and the second MRI indicates progression, the more recent MRI should be utilized for treatment planning.
4.2.2.2 Clinical Target Volume (CTV):  

The CTV is the GTV plus a margin of 5 mm in all directions.  However, the CTV must not extend outside the brain, and care must be taken when extending it inferiorly to minimize the amount of normal cervical cord included.  In uncommon cases where an MRI cannot be utilized for treatment planning due pacemaker or other factor, an additional 1 cm margin should be added to define the CTV1 and CTV2 to the MRI-based definitions below.  Margin may be reduced at true anatomic boundaries (e.g. bone, nonviolated tentorium, ventricle).
4.2.2.3 CTV1

CTV1 is the GTV1 plus a margin of 5 mm in all directions
4.2.2.4 CTV2

CTV2 is the GTV2 plus a margin of 5 mm in all directions

4.2.2.1 Planning Target Volumes (PTV):  

The PTV is the CTV plus a margin in all directions to account for daily setup variation and patient movement, but not beam penumbra or build-up. The margin should not exceed 5 mm and will commonly be 3-5 mm depending upon immobilization device and frequency of image guidance. Individual institutions are encouraged to perform studies defining the appropriate PTV margin based upon institutional immobilization and localization procedures. As the PTV is not structure limited, it may extend into and below the skull.  
4.2.2.2 PTV1

PTV1 is the CTV1 plus a margin all directions to account for daily setup variation and patient movement (typically 3-5 mm).
4.2.2.3 PTV2

PTV2 is the CTV2 plus a margin all directions to account for daily setup variation and patient movement (typically 3-5 mm).
4.2.3
Target Dose
4.2.3.1
Prescription Point
For 3D treatment planning, the prescription point is at or near the isocenter.  The goal of the treatment plan is to encompass at least 99% of the PTV within the 95% isodose surface. IMRT plans may be prescribed to an isodose line provided that dose uniformity guidelines are met.
4.2.3.2
Dose Definition
The absorbed dose is specified as cGy to muscle.

4.2.3.3
Tissue Heterogeneity
Calculations shall take into account the effect of tissue heterogeneities.

4.2.3.4
Total Dose 

The total dose to the prescription point will be 6000 cGy in 30 daily fractions of 200 cGy each.  PTV1 will receive 4600 cGy in 23 fractions. PTV2 will receive an additional 1400 cGy in 7 fractions (total 6000 cGy in 30 fractions).
4.2.3.5
Dose Uniformity
For conformal planning techniques (3D conformal and IMRT), the 99% PTV shall be encompassed within the 95% isodose surface and no more than 10% of the PTV should receive more than 110% of the prescription dose, as evaluated by dose volume histogram. 
4.2.4
Time and Dose Considerations
4.2.4.
Fractionation
Patients will receive one treatment per day, five days per week.  All fields will be treated each day. At least two fractions must be given during the first week of treatment.

4.2.5
Treatment Technique
Any three dimensional (3D) treatment technique which delivers the appropriate dose to the planning tumor volume (PTV) is permitted.  Coplanar and noncoplanar techniques are both allowed.  A treatment planning CT scan is required.  The MRI defined volumes should be superimposed onto the treatment planning CT.

4.2.5.1
Simulation
Simulation will be performed using a CT simulator.
4.2.5.2 Patient Position and Immobilization
Reproducible setups are critical and the use of immobilization devices such as thermoplast mask, bite-block, etc. should be used for all patients.

4.2.5.3  Field Shaping

Field shaping can be done with blocks or multi-leaf collimation
4.2.6
Isocenter verification
The equivalent of orthogonal (AP and lateral) digitally reconstructed radiographs (DRRs) and corresponding orthogonal weekly portal images (film or electronic) are required.  Alternatively, image guidance with KV imaging and setup digital reconstructed radiographs or cone beam CT is acceptable.
4.2.7 Organs at Risk
Dosimetry constraints for organs at risk will be judged on the composite plan.  When possible to do so without shielding gross tumor, attempts should be made to limit dose to the following structures: 
	Brainstem inferior to thalamus
	1% or less receiving 54 Gy

	Optic chiasm
	1% or less receiving 54 Gy

	Optic nerve
	1% or less receiving 60 Gy

	Globe or retina
	1% or less receiving 50 Gy

	Normal brain outside PTV1
	Minimize volume receiving 5700 cGy


4.2.8
Dose Calculation and Reporting
Isodose Distributions and dose volume histograms:

Selected 3DCRT cases and all IMRT cases will be electronically submitted for review according to details in the NABRT Radiation Oncology QA plan (www.nabtt.org).  Hard copy plans will not need to be submitted.  This electronic system will allow review of isodose lines and dose volume histograms.
IMRT Plan Verification:

If IMRT is used, the monitor units generated by the IMRT planning system must be independently checked prior to the patient’s first treatment.  Measurements in a QA phantom can suffice for a check as long as the plan’s fluence distributions can be recomputed for a phantom geometry.  Treatment may proceed if the calculated dosimetric error is estimated to be 5% or less.
Digital Submission:
Submission of treatment plans in digital format (either Dicom RT or RTOG format) is required for selected cases of 3DCRT and all cases of IMRT according to the NABTT Radiation Oncology QA plan (www.nabtt.org).  The MRI (T1 post-contrast and T2/FLAIR), treatment planning CT, and DICOM-RT objectives utilized to generate the treatments will need to be digitally submitted including separate plans for PTV1, PTV2, and composite (sum) plan.  Plans should be submitted within 14 days of the completion of radiation therapy.
Questions
Questions regarding the radiotherapy section of this protocol should be directed to:


John B. Fiveash, M.D.


Co-chair NABTT Radiation Oncology Committee


jfiveash@uab.edu

205-975-0224
or 


Ed Shaw


Co-chair NABTT Radiation Oncology Committee


eshaw@wfubmc.edu

336-713-6506
4.2.9
Definitions of Deviations in Protocol Performance

The QA assessment of PTV coverage will be based upon the individual plans for PTV1 and PTV2.  Normal tissue tolerance will be assessed based upon the composite (sum) plan.
4.2.9.1
Prescription Dose

Minor Deviation: The dose to the prescription point differs from that in the protocol by between 6% and 10%.

Major Deviation: The dose to the prescription point differs from that in the protocol by more than 10%.

4.2.9.2
Dose Uniformity
Minor Deviation:  99% of the PTV receives less than 95% of the prescription dose, or more than 10% of the PTV receives more than 110% of the prescription dose
Major Deviation:  80% of the PTV receives less than 95% of the prescription dose.
Dose and volumes deviations will not be scored if the normal tissue dosimetry in section 4.2.7 is the reason for the dose deviation.
4.2.9.3
Volume
Minor Deviation: Margins less than specified or fields excessively large as deemed by the study.

Major Deviation: Transection of tumor (GTV) or potentially tumor bearing area (CTV).
















