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Motivation & Clinical Rationale

• Traditional GRID therapy: de-bulking advanced bulky tumors (> 8 cm)

✓ Treatment of patients with advanced bulky tumors – curative/palliative intent
✓ GRID therapy treatment started in orthovoltage era – a grid collimator 
✓ Managed skin & subcutaneous tissue toxicity – area blocked by the grid can 

regrowth
✓ In MV-era: An open X-ray field is converted to a set of pencil beam type 

radiation fields using an external physical block – made up of Cerrobend or lead
✓ Deliver a large single dose of 10-20 Gy before conventional RT

• University of Kentucky – Pioneer for GRID therapy treatment
✓ Demonstrated great response of mass reduction (62 to 91%) ≥ 15 Gy followed by RT
✓ 78% response rate of pain palliation and 73% rates of mass effect after GRID 

with/without conventional RT



How Does SFRT Treatment Work for Bulky Tumors?

• Although, underlying mechanisms have not been fully explained, 
the following actions were speculated to contribute to the 
promising clinical outcomes of SFRT:

• Radiation-induced bystander effect (RIBE):
✓ RIBE – Response associated with the induction of radiation effects in low dose 

levels via signaling of hit ones (at high dose levels) – SFRT
✓ PVDR could be responsible for RIBE…?

• Damage of intratumor micro-vasculature structure:
✓ Immature tumor vessels are irregularly dilated, constricted and branched
✓ Tumor blood vessels are rather fragile and susceptible to high single-dose
✓ Contributing indirect cell-death, in addition to direct cell-kill

• Increasing anti-tumor immune response:
✓ Ablative high-dose radiation upregulates various immunostimulatory cytokines, 

which then interacts with the tumor antigens released from the dying tumor 
cells thereby provoking an anti-tumor immune response (weeks, months…)



Motivation & Clinical Rationale (cont.)

• Major limitations of a traditional single-field GRID therapy:
✓ Deep-seated tumors may received only 1/3 or less of prescribed dose (15 Gy)
✓ Skin toxicity –a major concern while escalating tumor dose
✓ Difficult to spare other adjacent critical structures
✓ Physical GRID-block is not radially available to any radiotherapy clinics
✓ GRID-block poses a serious concern for patient safety at slanted angles
✓ Dosimetric detail may not be always available in user’s TPS



Motivation & Clinical Rationale (cont.)

• Modern GRID therapy approaches:
✓ MLC-based step-and-shoot – single field Tx (U of Maryland)
✓ Optimized VMAT or Tomotherapy plan (U of Arkansas, John Hopkins)
✓ MLC-based inversely-optimized plan (Augusta U, GIT)
✓ CyberKnife GRID plan (U of Miami)
✓ Proton GRID therapy (Stockholm U, Sweden) & MSK Cancer Center (NY)

• Difficulties of modern GRID therapy approaches:
✓ Needed a 3rd party software to re-contour GRID target – 3D lattice structure
✓ MLC-based or Tomotherapy inversely-optimized plans – days of planning time
✓ Needed extensive physics QA time
✓ Much longer treatment time – potential chance of patient movement
✓ Highly modulated MLC/Tomotherapy plan – higher leakage dose
✓ Inaccessible to expensive Cyberknife or proton therapy units to every patient



Motivation & Clinical Rationale (cont.)

• To overcome these difficulties, at University of Kentucky, we have 
developed a fast, safe, effective and accurate 3D-MLC based forward 
planning and treatment delivery approach for SFRT patients.

• It generates a highly non-uniform, sieve-like dose distribution that 
can be delivered via image-guided SFRT, similar to SBRT!

• Major advantages of our approach: 
✓Eliminates all the major difficulties of single-field GRID-block
✓Avoids other difficulties/complexities of modern GRID therapy approaches
✓Potential for escalating tumor dose while sparing adjacent organs, including skin
✓Offer same day GRID therapy to our patients – fast, safe, accurate & effective Tx 
✓Provide all the dosimetry information's to treating physicians for plan review… 



Validation Study of MLC based 3D-Crossfire Approach



3D MLC-based SFRT: Dose Distribution & Sparing Critical Organs

• Mimicking brachytherapy like 
heterogenous dose-distribution

• Enhanced deep-seated bulky tumor dose 
tunneling

• Achieved PVDR ~ 3.0, on average

• Reduced skin toxicity

• Spared adjacent OAR by tweaking MLC

• Allow for image-guided SFRT



3D MLC-based SFRT: Potential for Escalating Dose to Bulky Masses

• Plan Evaluation: RTOG-0915, single-dose compliance criteria were used for OAR



3D MLC-based SFRT: Phantom Measurement & Validation 

• PVDR: ~4.0 (single field)

• Dots: measured

• Continue line: calculated



3D MLC-based SFRT: Independent Dose Verification

Eclipse: Plan Dose Monte Carlo: 2nd Check

Monte Carlo Code, Courtesy of Dr. Quan Chen (University of Kentucky)



3D MLC-based SFRT: Independent Field-by-Field MU Verification

3D-Conf Plan Review Worksheet, Courtesy of Dr. Lee Johnson (University of Kentucky)



Conebeam CT-guided MLC-based SFRT for Bulky Masses!

• Our previous proof-of-concept needed generating GTV GRID-lattice structure using a 
3rd party algorithm, export/import CT data… 

• Standard RT clinics including community centers may not have a 3rd party algorithm

• To avoid that extra step, and accelerate treatment planning process.

• We have developed an in-house MLC fitting algorithm with Millenium-120 leaves that 
were fitted to GTV generating 1 cm diameter holes at 2 cm center-to-center distance 
at isocenter. 

• This configuration generated brachytherapy like dose-tunneling distributions without 
post-processing GTV-contour!

• In this algorithm, fitted MLCs parked outside jaws, minimized MLC tip leakage…

• Planning time: < 1 hour

• Promoting same day SFRT– Effectively managing bulky tumors in a timely manner!



In-house MLC-Fitting Algorithm for Rapidly Generating SFRT Plan!



Example Head and Neck SFRT Plan via MLC-Fitting Algorithm!



Typical Example of Neglected Rt Breast Mass SFRT Plan via MLC-
Fitting Algorithm!



Another Example of Large & Bulky Lt Chest Mass Treated with SFRT



Clinical Example of Enlarged Pelvis Lymph Node Treated with SFRT



Clinical Example of Bulky Left Leg Sarcoma Treated with SFRT



Independent Dose Verification via IROC MD Anderson Head & Neck 
Phantom Irradiation!

• MD Anderson’s head and neck credentialing phantom with dosimetry inserts 
containing 2 targets was imaged, planned and treated via 3D-MLC SFRT plan!

• Both PTV54 and PTV66 targets 
were contoured 

• To generate a large and bulky mass 
(> 8.0 cm) both targets were 
added together and added 1 cm 
expansion around it – for SFRT 
planning

• Critical organs and TLDs were 
delineated per MD Anderson’s 
standard

• Prescription: 6.6 Gy in 1 fraction.

Head & Neck phantom, Courtesy of Andrea & Nadia from IROC MD Anderson 
(University of Texas, Houston TX)



Independent Dose Verification via IROC MD Anderson Head & Neck 
Phantom Irradiation!



Independent Dose Verification via IROC MD Anderson SRS head 
Phantom Irradiation!

SRS head phantom, Courtesy of Andrea & Nadia from IROC MD Anderson (University 
of Texas, Houston TX)

• MD Anderson’s SRS head credentialing phantom with dosimetry 
inserts was imaged, planned and treated via 3D-MLC SFRT plan!

• Prescription was 15 Gy in 1 fraction.

• 1.9 cm PTV target, critical organs and TLDs were delineated.

• To generate a large and bulky mass (> 8.0 cm) added 3 cm expansion 
around it – for SFRT planning



Summary/Conclusions

• We clinically implemented fast, safe, effective and accurate 3D-MLC 
based forward planning and treatment delivery approach for SFRT 
patients –debulking deep-seated unresectable large masses

• This novel, yet clinically useful treatment delivery method was 
extensively validated and used for SFRT patient’s treatment at the 
University of Kentucky
✓ So far, we have already treated more than 60 patients of different treatment 

sites, except brain!
✓ Other cancer centers can easily adopt this simple method for their patient care.

• This simple and clinically useful SFRT method: 
1. Eliminates all the major difficulties of single-filed traditional GRID-block
2. Avoid major difficulties of modern inversely-optimized GRID therapy planning
3. Allow for fast and effective treatment delivery–patient convenient
4. Allow image-guided SFRT therapy–patient images data in ARIA for matching 
5. Allow potential for escalating tumor-dose while sparing adjacent OAR and skin
6. Offer same day SFRT therapy to our patients–fast, safe, accurate & effective Tx 
7. Provides all dosimetry information's to treating physicians for plan review…



3D MLC-based SFRT: Future Research Directions

1. Clinical follow up results & dose-escalation trial is ongoing! 

2. Fully automate MLC-based SFRT module in Eclipse TPS
✓ Research Grant Proposal to support a PhD student in medical physics

3. For thoracic/abdominal tumors motion management is   
important!
✓ Develop a departmental protocol for patient CT simulation/immobilize patients
✓ Evaluate clinical potential of DIBH treatment via rapid delivery of SFRT

4. Radiobiological modeling of different size GRID-holes
✓ To improve the PVDR of each hole
✓ To quantify improvement of therapeutic gain via different hole-sizes & spacing
✓ Potential for escalating tumor-dose & further sparing adjacent critical structures

5. Further improve/optimize 3D-MLC SFRT planning approach for 
highly concave irregular large targets
✓ Utilize mix-beams & differential hole-sizes to further optimize the dose 

coverage to large concave targets
✓ Search for more optimal cross-fire angles to improve PVDR, if applicable.
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3D MLC-based SFRT: Rt Arm Sarcoma (1203 cc, d = 13.2 cm)

Treated for 15 Gy with 6MV beam on TrueBeam Linac

Thank you for your time!


