
8/12/2011

1

Leibel Memorial Symposium
Advanced IMRT 

Planning and Delivery 

Thomas Bortfeld

Massachusetts General Hospital

Harvard Medical School 

Department of Radiation Oncology

TBortfeld@hms.harvard.edu

In memory of Steven Leibel

• Common roots?

– The name Leibel originates from the area of 
Braunschweig, Germany

– Leibel, Laib = Loaf –> Leibel = Baker 2

IMRT in 1993 – presentation at 
Memorial Sloan Kettering in July of 1993
• IMRT delivery on Varian Clinac 2100C (MLC 

Mark0) – MD Anderson Cancer Center, 
Houston

• 9 equispaced IMRT beams delivered to 
prostate phantom, 20-30 segments each

• Inverse treatment planning  with OPT3D 
program – DKFZ Heidelberg, Germany

3

IMRT in 1993

4T. Bortfeld, A. Boyer, et al. 1993

IMRT delivered to phantom 
stacked with film 
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IMRT in 1993
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• 6 films in different slices 
showing concave dose 
distributions 

• Overlay on anatomy

IMRT in 1993
Prostate phantom dose distribution in 3D

Therapeutic Dose
Target

(c) A. Boyer, T. Bortfeld, 1993

Delivery time: 3 hours

Translation into clinical use: 1995

7

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

81 Gy isodose:
bends around rectum

Treatment time: 10-12 min

• Dose escalation 81 Gy
-> reduced biochemical failure

– 61 3DCRT patients

– 171 IMRT patients

• Results

… The 2-year actuarial risk of grade 2 bleeding was 
2% for IMRT and 10% for conventional 3D-CRT
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Abstract

Purpose: To compare acute and late toxicities of high-dose radiation for prostate cancer delivered by either conventional three-dimen-

sional conformal radiation therapy (3D-CRT) or intensity modulated radiation therapy (IMRT).

Materialsand methods: Between September 1992 and February 1998, 61 patientswith clinical stageT1c- T3 prostatecancer were treated

with 3D-CRT and 171 with IMRT to a prescribed dose of 81 Gy. To quantitatively evaluate the differences between conventional 3D-CRT

and IMRT, 20 randomly selected patientswereplanned concomitantly by both techniquesand the resulting treatment planswerecompared.

Acute and late radiation-induced morbidity was evaluated in all patients and graded according to the Radiation Therapy Oncology Group

toxicity scale.

Results: Compared with conventional 3D-CRT, IMRT improved thecoverageof theclinical target volume(CTV) by theprescription dose

and reduced thevolumesof therectal and bladder wallscarried to high doselevels(P , 0:01), indicating improved conformality with IMRT.

Acute and late urinary toxicities were not signi®cantly different for the two methods. However, the combined rates of acute grade 1 and 2

rectal toxicitiesand therisk of lategrade2 rectal bleeding weresigni®cantly lower in the IMRT patients. The2-year actuarial risk of grade2

bleeding was 2% for IMRT and 10% for conventional 3D-CRT (P , 0:001).

Conclusions: The data demonstrate the feasibility and safety of high-dose IMRT for patients with localized prostatecancer and provide a

proof-of-principle that thismethod improvesdoseconformality relative to tumor coverageand exposure to normal tissues. q 2000 Elsevier

Science Ireland Ltd. All rights reserved.

Keywords: Three-dimensional conformal radiation therapy; Intensity modulated radiation therapy; Inversetreatment planning; Prostatecancer; Acutetoxicity;

Late toxicity

1. Introduction

Experimental andclinical datahaveindicated that theprob-

abilitiesof tumor control andnormal tissuecomplicationsafter

radiation therapy aredosedependent, andthat thecorrespond-

ing dose-response relationships produce sigmoid-shaped

curves [19,33]. The observation that tumor control curves

areusually at lower doselevelsrelativeto normal tissuetoxi-

city curves provides the biological basis for curative radio-

therapy [19,33,35]. When the tumor and normal tissue

curves are approximately parallel in shape and suf®ciently

separated, thedosesrequiredfor local tumor curearenot asso-

ciated with signi®cant normal tissue damage [44,48].

However, for many humancancerstheobservedtumor control

curve represents a population average for clones of different

sensitivities. The slopes of such composite curves are

frequently lesssteep (g50 value of , 2) than those for normal

tissue injury (g50 valueof , 4) [44,48], limiting theability to

deliver thehigh radiation dosesrequired for tumor cure. This

problem isfurther complicatedby uncertaintiesin tumor deli-

neation, organ motion, and in patient positioning from day to

day [2,3,18,36,38±40,45,52]. To compensate for theseuncer-

tainties, large safety margins have usually been added to the

planning target volume (PTV), extending into surrounding

normal tissue, to decrease the risk of a marginal tumor miss.

However, sincethedosetoleranceof critical normal organsis

dependent onthevolumeof theirradiated tissue(theso-called

volumeeffect), the increase in normal tissueswithin thePTV
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… but where is the evidence that IMRT is 
indeed objectively better?
• Clinical results from randomized trials 

become available in Europe, e.g.:

– Al Mamgani et al., Int J Radiat Oncol Biol Phys 
2009:  “…IMRT reduced the toxicity without 
compromising the outcome in patients with 
localized prostate cancer…”

– Nutting et al., Lancet Oncol. 2011: 
“Sparing the parotid glands with IMRT 
significantly reduces the incidence of 
xerostomia and leads to recovery of saliva 
secretion and improvements in associated 
quality of life,…” 9

Advanced IMRT planning and delivery
– Outline –

1. The IMRT story, clinical impact  ✓

2. Advanced IMRT delivery

3. Developments in IMRT planning (at MGH)

IMRT delivery technology 1990s

11

Multiple 
Static Fields

Dynamic
MLC

Step&Shoot
MLC

Multiple 
Rotations

Nomos
Mimic

Cone beam IMRT vs. fan-beam IMRT 
1990s

12

MLC based IMRT
(Varian, Elekta, Siemens)

Nomos Mimic

fan/slit beam
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IMRT delivery technology today

14

Multiple 
Static Fields

Dynamic
MLC

Arc 
Treatment

Step&Shoot
MLC

IMAT VMAT/
RapidArc

Multiple 
Rotations

Nomos
Mimic

Spiral 
Treatment

Tomotherapy

Cone beam IMRT vs. fan-beam IMRT 
Today

15

Cone-beam arc IMRT:
VMAT/Rapidarc

Fan-beam arc IMRT:
Tomotherapy

The hype cycle

16

J. Fenn, M. Raskino: Mastering the hype cycle, 
Harvard Business Press, 2008

Technology Trigger 
(e.g., MLC IMRT, Mimic, Tomo, VMAT)

1. Peak of Inflated Expectations

2. Trough of Disillusionment

3. Slope of Enlightenment

4. Plateau of ProductivityTomotherapy

VMAT/
RapidArc
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VMAT/RapidArc publications*

• 2007:   0

• 2008: 10

• 2009: 46

• 2010: 93

• 2011: 65 until July 20 -> 120

17

*PubMed search:
(vmat OR rapidarc) NOT vesicular NOT protein [All Fields] 

AND 20** [DP]

VMAT/RapidArc planning comparisons
• IMRT: “RapidArc, however, is capable of producing better 

plans than IMRT for the test cases examined in this 
study.” Oliver et al., J Appl Clin Med Phys. 2009

• Tomo: “VMAT was able to provide approximately a 40% 
reduction in treatment time while maintaining 
comparable plan quality to that of HT.” Rao et al., Med 
Phys 2010

• SBRT: “VMAT is preferable because of significantly shorter 
treatment delivery times.” Brock et al., Clin.Onc. 2011

• Radiosurgery: “VMAT radiosurgery will likely replace 
multi-isocenter techniques…” Clark et al., IJROBP 2010

• …

• VMAT always better – in one aspect or another

• Key advantage of VMAT: greater efficiency 18

Tomotherapy is still better 
in very complex cases

19

Oliver, Ansbacher, Beckham: JACMP 10(4): 117-131, 2009 

9-field IMRT
0/4 constraints met

2-arc RapidArc
0/4 constraints met

Tomotherapy
2/4 constraints met

Tomotherapy is still better 
in very complex cases
• “The overall treatment plan quality using 

Tomo seems to be better than the other 
TPS technology combinations.”
Wiezorek et al. Rad Onc 6/20, 2011
(multi-institutional planning study, 
head&neck)

20
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The $250,000 challenge

21

• Tomotherapy plan is a gold standard.

• VMAT is usually the most time efficient 
method

Can we get the best of both worlds?

22

Advanced IMRT planning and delivery
– Outline –

1. The IMRT story, clinical impact  ✓

2. Advanced IMRT delivery  ✓

3. Developments in IMRT planning (at MGH)

MCO – Multi-Criteria Optimization
Pareto optimization – “cannot make one better 
off without making the other worse off”

Rectum (Gy)

Fe
m

o
ra

l h
ea

d
s 

(G
y)

3D prostate Pareto surface (“frontier”)
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MCO 2011 commercial solution: RayStation
MCO planning efficiency
Comparison of IMRT treatment planning times

Brain cases Pancreas cases

Standard planning

MCO planning

D. Craft et al., IJROBP, published online 2/7/2011

VMAT/RapidArc planning is more 
time consuming than fixed-field IMRT
• Planning for VMAT/Rapidarc is a more 

challenging problem than for IMRT

• Calculation times for VMAT planning can be 
longer (factor of 6 reported):

– Oliver, Ansbacher, Beckham: JACMP 10(4): 
117-131, 2009 

MCO benefit could be even bigger for 
VMAT planning

27

MCO for VMAT

• Fast MCO for “gold standard” solution 
(“many” fixed beams)

• Determine acceptable deviation from that 
plan

• Arc sequencer that guarantees to stay 
within that deviation and allows for 
efficient delivery 

28

David Craft talk: Tuesday, 8 am, Ballroom B
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MCO for VMAT: Prostate

29

Solid: gold standard

Dashed: deliverable

target OARs

MCO for VMAT

• Substantially reduced planning time 
(minutes), even more relevant for VMAT 
than for fixed field IMRT

• Guaranteed uncompromised plan quality, 
practically indistinguishable from gold 
standard (tomotherapy)

• Highly efficient delivery with VMAT

Best of all worlds! 

30

Overall summary

1. IMRT clinical success has been proven

2. Developments in cone beam IMRT (e.g., VMAT) 
and fan beam IMRT (tomotherapy) have led to 
higher treatment efficiency or better dose plans.  

3. VMAT/Rapidarc can yield both, to some degree.

– Planning often more time consuming

– No clear sense of tradeoff: quality vs. efficiency

4. Developments in VMAT treatment planning are 
needed for greater efficiency of planning, to 
guarantee uncompromised dosimetric quality, 
and high delivery efficiency. MCO promises to 
accomplish all of that. 

31

Special thanks

• David Craft
• Jan Unkelbach
• Dualta McQuaid
• Jeremiah Wala
• Alexei Trofimov
• Wei Chen
• Helen Shih
• Ted Hong

RaySearch

• Karl-Heinz Küfer

• Alexander Scherrer

• Phil Süss

… and many others

• R01-CA103904
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Treatment planning comparison study (2010):
Standard IMRT planning (XiO) versus MCO (RayStation)

Study Design:

• 5 glioblastoma cases (brain)

• 5 pancreas cases

• Patients chosen for this treatment planning study 
by the physicians at the time of contouring.

• All patients planned with standard IMRT and 
treated as in normal workflow.

• Planning time logged by treatment planners.

• In parallel, MCO databases were generated for 
patients. This process also logged.

34

MCO 2011 study results (cont’d):

• For all cases, the physicians preferred the 
MCO plan to the Standard plan in a blind 
review weeks after initial assessments.

D. Craft et al., IJROBP, published online 2/7/2011

MCO for VMAT: Pancreas

35

Solid: gold standard

Dashed: deliverable

target OARs


