
7/23/2014 

1 

IMRT and Inverse Planning:  
From the Art  

to the State-of-the-Art 

Thomas Bortfeld 
 

 

Massachusetts General Hospital 

Department of Radiation Oncology 

TBortfeld@mgh.harvard.edu 

 

Evolution of the art of radiation therapy 
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courtesy of John Schreiner, Kingston, Ontario, CA 

IMRT forerunners: 
Synchronous shielding, Proimos 1961 
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IMRT forerunners: 
Conformation therapy, Takahashi 1965 

Problem with synchronous shielding 
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Problem with synchronous shielding 
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This calls for intensity modulation! 

Rawlinson 

& Cunningham 

Radiology 102,  

1972 

uniform intensity, no wedge (arccos) 

linear wedge 
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The idea of inverse planning was born 
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Birth of IMRT: 1982 
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Intensity modulation for the “donut” case 
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Birth of IMRT: 1982 

Lax, Brahme 

Radiology 145 

1982 

Key idea: Applicable to arbitrary 
cases with concave targets 

Brahme et al, 1988 
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Isodose Bunny 

Isodose Bat 

IMRT = I aM aRT 
 

idea of dose painting 

© Henning Willers, MGH 

IMRT “palette” 

1. “Inverse” treatment planning 
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Inverse Planning "Conventional" Planning 

IMRT “palette” 
2. Delivery with MLC 

© W. Schlegel, A. Marr 

Convery/Rosenbloom 
Svensson/Källman 

Spirou/Chui 
Stein et al.  

Bortfeld/Boyer 
… 
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Clinical translation of the IMRT idea 
early 1990’s 

Art and Thomas @ AAPM Austin, 2014 

Clinical translation of the IMRT idea 
early 1990’s, MD Anderson CC  

Art Boyer 

Thomas Bortfeld 

Darren Kahler 

Tim Waldron 

…  

IMRT proof of concept in 1993 

IMRT delivered to phantom  
stacked with film  
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proof of concept 
(1993) 

19 

• 6 films in different slices 
showing concave dose 
distributions  

• Overlay on anatomy 

IMRT proof of concept in 1993 
Prostate phantom dose distribution in 3D 

Therapeutic Dose 
Target 

(c) A. Boyer, 1993 

Delivery time: 3 hours 

Translation into clinical use: 1995 
MSKCC, New York 

Ling et al., IJROBP 35(4): 721-730, 1996  

81 Gy isodose: 
bends around rectum 

Treatment time: 10-12 min 

Radhe Mohan 
Clifton Ling 

Zvi Fuks 
Sam Hellman 

et al. 
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IMRT delivery technology 1990s 
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(Mark Carol) 
1994-> 

Cone beam IMRT vs. fan-beam IMRT  
1990s 

MLC based IMRT 
(Varian, Elekta, Siemens) 

Nomos Mimic 

fan/slit beam 

IMRT delivery technology today 
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Treatment 
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IMAT VMAT/ 
RapidArc 
2007-> 
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Treatment 

Tomotherapy 
(Rock Mackie) 

2002-> 
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IMRT: A success story of INNOVATION 
in Medical Physics 

• Millions of patients treated 

• Clear dosimetric advantage established 

• Clinical benefit demonstrated through 
(few) randomized clinical trials 

What comes next? 

4-field box 
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courtesy of John Schreiner, Kingston, Ontario, CA 

? 

What comes next? 

• Make IMRT simpler, faster, less of an Art 
– Multi-Criteria optimization 

– Automation 

• Make IMRT truly optimal 
– What do we really want to accomplish: use 

biologically/clinically motivated objectives 

• IMRT for particles - IMPT 

• Smarter ways to deal with uncertainties 
– Robust optimization 

• Optimize dynamics of multi-modality therapy 
over the treatment course 
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material presented here.  

 

• Disclaimer  
While trying to be as objective as possible,  
there will be some personal bias. 

IMRT “palette” 

1. “Inverse” treatment planning 

Deconvolution approach: 
Lind/Brahme, Holmes/Mackie, et al.  

Optimization approach  

– Simulated Annealing:  

Webb, Mohan/Mageras, et al.  

– Gradient Descent:  

Censor, Bortfeld, et al.    
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IMRT optimization algorithms 

• First developed by Physicists  
(they can do everything) 

• Further developed by optimization experts 
(Operations Research) 

• Who came up with the  
IMRT = Intensity-Modulated Radiation Therapy 
acronym, and when?  

 

• IMRT is a misnomer. We do not modulated the 
intensity – but the fluence.  


