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What happened?



http://www.nytimes.com/


Challenges in Radiation Oncology



▪ Two Major Categories in SRS/SBRT Accidents 

▪ Commissioning

– Small field measurements

– Absolute calibration 

▪ Treatment parameter transfer 

– SRS Cones 

– Wrong side/site treatments



Patient process

– Consultation

– Immobilization/imaging

– Planning/prescription

– Patient specific QA

– Localization

– Delivery

– Motion management

– Real-time verification

– Treatment assessment

General Processes for SRS/SBRT

Physics process
– Beam data
– QA: Safety
– QA – Isocenter accuracy QA
Like  W-L testing
– Dose calculation Accuracy
– device QA - Linac
– Beam calibration



▪ Non-invasive, relocatable device 

▪ Thermoplastic material 

▪ May not good for claustrophobic patients 

▪ Potential for mask shrinkage

Non invasive frames



Body Localiser



Frameless intracranial positioning



Challenges in simulation

▪ The most appropriate imaging modality for a given clinical 
situation is driven by the characteristics of the tissues being 
imaged.

▪ Slice Thickness <1 mm( TG -151)

▪ Scan Boundary : 5-10cm, 15cm for Cyberknife

▪ Data Acquisition for moving targets – uncertainties involved in 
it



Imaging artifacts

▪ artifacts due to high atomic number Z objects such as metal implants, 
prosthetics, and dental fillings. 

▪ Solution - MAR algorithm, Contouring the  artifacts and assigning the 
density.

▪ Motion related artifacts

▪ Solution - Immobilization(Patient Cooperation??)



Simulation Accuracy 

▪ Achievable accuracy – Karger et al  report CT accuracy of 
~0.4 mm and MR accuracy of ~1.4 mm depending on MR 
device and imaging sequence

▪ – Representative MR distortion tolerance is < 2mm across a 
30 cm field of view (FOV)

▪ However, delineation accuracy depends on imaging 
parameters, so per TG-66 – Simulation procedures should 
standardize scan protocols, use of contrast etc by treatment 
site – QA process should check that correct parameters were 
used



Image Fusion

▪ Jonker, Benjamin P. “Image Fusion Pitfalls for Cranial 
Radiosurgery.” Surgical Neurology International 4(Suppl 3) 
(2013): S123–8.

For rigid CT / MR registration, achievable accuracy based on 
phantom studies is ~2 mm. 

• Accuracy will degrade if registering to a surrogate, as distance 
between target & surrogate increases.



Fusion QA

Understand limitations of fusion methods 
applied to different treatment sites 
– Do your own testing
– Provide training 

– Ensure treatment process provides adequate 
review 
(See TG-132 Assessment Level for fusion 
quality)















▪ How prevalent are 4D artifacts? 

▪ Examine retrospectively 50 patients with lung or abdominal 
tumors 

▪ 90% of scans have at least one artifact! 

▪ But this does not mean 90% of scans are not useful. 



▪ Magnetic field inhomogeneities and non-linear magnetic field 
gradients cause distortion

▪ Distortion often worst in coronal sections; measuring Leksell fiducials can 
determine distortion severity 

MR Image Distortion



▪ 1.8 ± 0.5 mm shift of MR images relative to 

CT  and delivered dose. Shifts occur in the

frequency encoding  direction

▪ Y Watanabe, GM Perera, RB Mooij, “Image distortion in MRI-based polymer gel 
dosimetry of Gamma Knife stereotactic radiosurgery systems,” Med. Phys.  29: 
797-802, 2001







LINAC REQUIREMENTS



History: Lars Leksell – 1968 - Gammaknife

Lars Leksell



▪ Early reports of linac-based radiosurgery with stereotactic 
frames in 1980’s

▪ Winston and Lutz published their results from Joint Center for 
Radiation Therapy in Boston in 1986

▪ Early linac treatments required attachment of circular 
collimators to standard linacs

▪ Radionics, Leibinger and Fischer, Philips, others began 
commercial distribution of add-on accessories in 1990s

History of Linear Accelerator Based Radiosurgery



▪ Gamma Knife® by Elekta
▪ Uses 192 to 201 beams of highly-
focused gamma rays
▪ All beams aim at target region

▪ Linear accelerator (LINAC) machines
▪ accelerate photons

▪ Brainlab

▪ CyberKnife® by Accuray

▪ Elekta

▪ Varian

▪ ZAP

▪ Proton beam machine

Current technology



Traditional Linac Stereotactic
Radiosurgery Equipment

Collimator set Typically ~5-60 
mm diameter



▪ Multileaf Collimator

High-definition 120 Multileaf Collimator 

Center 2.5 mm width x 32 pairs

Peripheral 5 mm width x 28 pairs 

Maximum static field size 40 cm x 22 cm

6D Couch with KV imaging

Varian Edge



Versa HD with Agility/APEX MLC 

2.5mm resolution 
12 cm x 14 cm Max Static field
6D Couch with KV imaging
Agility: 5mm up to 40 x 40 cm
giving Effective 1mm 
using jaw modulation



CyberKnife® Subsystems















Summery of the Tolerances



Treatment Planning 

• After commissioning has identified appropriate uses 
and limitations for the TPS, the goal is to detect 
deviations
• RPC (now IROC) data suggests ~80% of institutions 
can achieve dosimetric accuracy of ~7% 
• TG-53  provides comprehensive guidelines for QA
• Treatment process should standardize parameters 
such as beam arrangements, calc. grid size, jaw 
tracking 
• TPS upgrades are a source of changes, so re-testing 
is required after upgrades



Treatment Planning commissioning

▪ Small Field Dosimetry – Data Collection and Modeling





Small field Detector Selection

▪ Experimental Setup Consistency



OF Correction



Is the OF Measurement Correct?

▪ CyberKnife has reference data set available in commissioning tool.

▪ “Golden” beam data sets 

▪ Literature



Independent Output Check 

▪ Absolutely necessary before treating a patient! 

▪ Too many misadministrations based on reference dosimetry
gone wrong 

▪ E.g. use TLD/OSLD service

▪ Peer review



Understand the detectors available





•Can result in errors in dose estimations 
•Dose errors up to 10% for 6 & 15 MV photons 
•Go up to 30% for 18 MeV electrons
•Conversion techniques based purely on mass 
density is discouraged 
•Artifacts are potentially important in MC dose 
calculations

Challenges in CT-to-material conversions 





Test results

Max Tolerances: 1mm



End To End Test



▪ Multiple non-coplanar converging arcs technique: 

▪ Target dose is delivered through a series of gantry arcs, each 
arc with a different stationary position of the treatment couch 
or chair.

▪ Arc angles are usually smaller than 180o to avoid parallel-
opposed beams in the plane of the arc.

▪ Typical number of arcs used ranges from 4 to 11.

Treatment Planning





Xu, Y., Ma, P., Xu, Y., & Dai, J. (2019). Selection of prescription isodose line for brain 

metastases treated with volumetric modulated arc radiotherapy. Journal of applied 

clinical medical physics, 20(12), 63–69. https://doi.org/10.1002/acm2.12761



Xu, Y., Ma, P., Xu, Y., & Dai, J. (2019). Selection of prescription isodose line for brain 

metastases treated with volumetric modulated arc radiotherapy. Journal of applied 

clinical medical physics, 20(12), 63–69. https://doi.org/10.1002/acm2.12761









Relative to a flattened beam of the same energy, the surface dose for a 
flattening filter free beam is  higher for small field sizes and comparable at 
40x40 cm2

Reference: Vassiliev ON, Titt U, Pönisch F, Kry SF, Mohan R, Gillin MT. 
Dosimetric properties of photon beams from a flattening filter free clinical 
accelerator. Phys Med Biol. 2006 Apr 7;51(7):1907-17. 



Delivery QA -DEPTH 

HELMET







Collision test



Challenges during Trt Delivery - How many 
Fiducials??









E2E testing



How accurate is radiosurgery?

Stereotactic Radiosurgery, AAPM Report No. 54, 1995





Recommendation for Treatment - AAPM 
TG101 

▪ At least one qualified physicist be present from the beginning 
to end of the first treatment fraction.

▪ For subsequent fractions, it is recommended that a qualified 
physicist be available, particularly for patient setup in order to 
verify immobilization, imaging, registration, gating, and setup 
correction.

▪ Radiation therapists be well-trained in SRS/SBRT procedures. 

▪ A radiation oncologist approve the result of the image 
guidance and verify the port films before every fraction of the 
SBRT treatment. 



THANK YOU


