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Outline

1. Tomotherapy Benchtop ïStoughton, WI, 
late 1990ôs-2003 ïFirst Clinical Unit UW 
Madison, 2002

2. UW Tomotherapy Lung Clinical Program 
(Bin protocol and SBRT)

3. UW Tomotherapy WBHA Brain treatments 
(WBRT with SIB and HA -SRS)



History of Tomotherapy at UW

Å 1988 ïFirst ideas at the University of Wisconsin.

Å 1992 ïFirst patent filed by Wisconsin Alumni Research 
Foundation (WARF).

Å 1993 ïFirst paper of tomotherapy published.

Å 1994 ïGE Radiotherapy (Buc, France) funds UW research 
project.

Å 1997 ïGE gets out of radiotherapy.

Å 1997 ïMackie and Reckwerdt found TomoTherapy Inc.

Å 2002 ïReceived FDA 510(k) to market.

Å 2002 ïFirst patient treated at UW.

Å 2003 ïFirst deliveries of HI -ART units.

Å 2006 ïSecond UW machine commissioned in Madison



UW Benchtop unit

Orion 4 MV linac, GE 

detectors, rotating stage.

First experiments were on this 

unit with canine cadavers.



Working in the PSL Bunker

Jeni Smilowitz

Ken Ruchala

Dave Pearson

John Balog



UW Clinical Helical Tomotherapy Unit

May 2000 at UW Physical Sciences Laboratory, Stoughton WI



FDA Approval Celebrations, 2002
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August 2002 at UW Radiotherapy Clinic, notice the 

very small room, used to house a Varian 4 MV linac.

First Patients Treated



% Tomotherapy Treatments at UW (2005 -
2010)
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Current Tomotherapy Special Procedures

Å Clinical objective: To utilize the Tomotherapy systemôs 
integrated helical IMRT delivery and daily in - room image 
guidance to improve outcomesénot just ñpretty pictures.ò 

Å Todayôs talk focuses on 2 current UW clinical programs: 

ï Lung ïdose escalation and SBRT

ï Brain WBRT -HA, SRS and WBRT with SIB and HA     



Outline of topics to discuss regarding UW Tomotherapy NSCLC Lung 
Program: Dose escalation and SBRT

I. 2007 Dose escalation

A. ñBin Protocolò (RO 04502) , 79 enrolled, closed and now 
will we begin enrolling patients on RTOG 0617(dose 
escalation and chemotherapy trial) 

B. Initial results of bin protocol.

II. SBRT

A. 2006 Radiosurgery paper: ñHow can tumor effect and 
normal tissue effect be balanced in SBRTò *

B. 2006 Feasibility Study for SBRT using TomoTherapy

C. 2007 IG ïSBRT Protocol, peripheral (RO 05503)

D. SBRT data : Preliminary SBRT results

* Quite a bit of radiobiology, since we are dealing with dose escalation. So 
I added a box with definitions of the acronyms on some slides.



NSCLC  and Dose Escalation Ground Work

Å 75 -80 % lung cancer

Å With conventional 
dose schemes (50 -66 
Gy, 1.8 -2.5 Gy/fxn), 
5 yr survival < 20 -
30%

Å Martel et al. (1999) 
set ground work for 
dose escalation to 
improve local -
progression free 
survival. 

Martel MK, Ten Haken RK, Hazuka MB, 
et al. Estimation of tumor control 
probability parameters from 3 -D dose 
distributions of non -small cell lung 
cancer patients. Lung Cancer 1999. 24: 
31 -37.
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85 Gy for 50 % ! 
Impossible/not feasible 
with standard fractionation 
and conventional XRT.



I. ñBin Protocolò

Å ñThe Use of Helical Tomotherapy to Achieve Dose-per - fraction 
Escalation in Lung Cancerò Study Chair, Minesh Mehta M.D.

Å Purpose: determine maximum tolerated dose with helical 
Tomotherapy. 

Å Clinical endpoint: grade 3 pneumonitis lasting > 2 weeks.

Å Always 25 fractions, dose per fraction varied in each bin.

Å Fractional dose bins based on tumor size and volume of 
residual lung.  (bins are based on ratio of doses, 
RNTD mean )

Å Fractionation scheme set by % NTCP (keep risk of grade 2 
pneumonitis < 20%) which is represented as a function of 
RNTDmean

Å Esophagus dose is often limiting factor.

NTCP: Normal Tissue Control Probability
NTD: Normalized tissue dose, in 2 Gy fractions
RNTD: ratio of NTD of tumor to residual lung



Precise Immobilization and Motion Management

Å Reduce INTRA -
fraction motion 
by inhibiting 
breathing motion

Å Easy to ensure 
set -up 
reproducibility

Å No need for 
external 
coordinate 
system with 
MVCT

Medical Intelligence

BodyFIX System



UW ñBin Protocolò How high can we go?

Å Calculate the ratio of the NTD mean (Normalized total dose in 2 
Gy fractions) of the residual lungs to that of the tumor

Å Risk stratified bins: If RAR are within tolerance, stay in bin. If 
not, we drop a bin.

Å Check the that the NTD Esophagus < 64Gy and NTD cord < 50 Gy

Å Continual reassessment of bins (over 5 yrs)

 

RNTDmean=
NTDmean

residLung

NTDmean
PTV

, all doses are normalized to 2 Gy/fraction dose level.

Bin RNTDmean Dose schedule 
(2007)

5/09 Dose schedule 
(BED 2Gy )

1 0.00 -0.119 3.22 Gy 3.42 Gy (110 Gy)

2 0.12 -0.179 3.00 Gy 3.22 (100)

3 0.18 -0.239 2.77 Gy 3.22 (100)

4 0.24 -0.309 2.53 Gy 3.42 Gy(70)

5 0.31 -0.41 2.28 Gy 2.28 Gy (60)

All bins are 25 fractions



Bin protocol patient 

Å Stage:IIIB

Å PTV vol:. 481 cc

Å Res lung vol: 3062  

Å 2.5 FW, P 0.287, MF 2

Å Direction block of L 
brach. plex.

Ventricles
PTV
Res lungs
Cord
L brach plex
Eso
Heart 
GTV



Recent Bin protocol patient (PTV 481 cc) 

Å Res lung NTD Mean (<32 Gy 3)= 15.06 Gy 3

Å PTV NTDMean= 82.70 Gy 10

Å RNTDMean :  0.18, place in Bin 3 (which used to be 3.00 Gy)

Å Tumor NTD Mean : 82.70 Gy 10

Å Max dose to 5 cc of eso. (<64 Gy 3)= 50.35 (NTD:50.49)

Å Max dose to cord ï44.05 Gy (NTD: 41.95 Gy 3)

Bin RNTD mean Current bins

1 0.00 -0.119 3.42 Gy x25 fxn

2 0.12 -0.179 3.22 Gy x25 fxn

3 0.18 -0.239 3.22 Gy x25 fxn  ** at time 
of this patient ï3.0 Gy

4 0.24 -0.309 2.53 Gy x25 fxn

5 0.31 -0.41 2.28 Gy x25 fxn

Note: Bin 3 had the maximum and most frequent change because most patients fell 
into that bin and the dose could be escalated.



Resultant IDL

102.7%  100%  98%   60%  33.3%

3.00 Gy x 25 =75 Gy, RBE dose of 100 Gy



DVH

eso

PTV

Res 

lungs

L BP Cord

Heart

Max dose to 5 cc of eso. (<64 

Gy3)= 50.35 Gy (NTD: 50.49 Gy)



2008 results: Better Survival and lower than expected 
toxicities, max dose has yet to be reached.

Åã

46 % As Compared to 21 %

Two Year Survival, with 

conventional fractionation

Grade 2 Pneumonitis 13 %

Grade 2 Esophagitis 15 %

Grade 3 Pneumonitis 0 %

Grade 3 Esophagitis 0 %

2 year Survival 47%

Median Survival 18 months
Adkinson et al, Technol Cancer Res 
Treat. 2008 Dec;7(6):441 -7

Technology 

in cancer 

research & 

treatment, 

7(6), 441-

7, 2008

Double the comparable data 

for  2 yr survival (46 vs 21%) 

with no Grade 3 lung toxicity 

on hypofractionated, typically 

Stage 3 lung cancer

(46 pts)



2010: Interim Results Summary

Å Median follow -up: 13.3 
months (71 patients)

Å No grade 3 or greater 
pneumonitis or esophagitis

Å Overall survival (2 yr): 44%

Å Local control (2 yr): 52%
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Presented by Dr. Don Cannon at ASTRO 2010



Interim Results: Local (in - field) Control

p = 0.1968 

Presented by Dr. Don Cannon at ASTRO 2010



II. Beyond dose escalationéSBRT

Å Next step is extreme hypo - fractionation: radio -ablative doses delivered using 
stereotactic localization, conformal delivery and PTV accounting for accurate 
tumor motion = SBRT (Stereotactic Body Radiotherapy)

Å Timmerman, 2006: SBRT effective, but very toxic to central tumors.

Å What about the Radiobiology? Choosing total dose and fractionation schedule 
for an optimal balance between TCP and NTCP 

Timmerman et al, J Clin Onc, 24(30) 2006

TCP: Tissue Control Probability, NTCP: 
Normal  Tissue complication Probability


