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Outline

Physical Characteristics
Quality Assurance

Image Quality

Overview of Clinical Application
System Limitations

Future Developments
— Adaptive Tomotherapy
— “Topo"therapy



TomoTherapy HI-ARTII




TomoTherapy

Divides beam into 64 beamlets
using binary mic

ach beamlet can be on/off
l.e. temporal modulation



TomoTherapy

Beamlets are turned on or off
depending on intersection
with tumor and healthy organs
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Delivery Instructions (Sinogram) for Prostate Delivery

1 gantry rotation

a0 40
MLC Leaf




Sinogram




MDACCO QA Program

+ Daily
— Lasers at home position
— Static output and energy constancy
— Air scan for CT detector calibration
— Table readout constancy
— DQA using ion chamber and film for every patient treated

 Monthly
— Lasers — movement accuracy using image registration
— Absolute Output with different chamber
— Symmetry (TomoDose)
— Table motion accuracy
— Interlocks/emergency offs, etc.
* Annual
— Scanning static fields
— Independent output verification in static field (RPC TLDs)
— End-to-end tests with rotational fields



Compare Scan Data with Model

25 by 40 cone
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Compare Scan Data with Model
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Langen KM. Meeks SL. Poole DO, et al. Med Phys, 32(11):3424. 2005.
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End-to-End Tests

50 or 100 cGy to
Center Structure

2 Gy or 2.5 Gy to the target




lon Chamber Measurements

Acceptance Measurements

Optimizer Expected Mean IC Ratio
dose (cGy) dose (cGy)  dose (cGy)
215.0 215.00 213.97 0.995
81.6 83.73 83.26 0.994
42.8 44,92 44.35 0.987

Measurements after change to 2.1.1

Optimizer Expected Mean IC Ratio
dose (cGy) dose (cGy) dose (cGy)
210.0 210.00 215.7 1.027
209.0 83.73 213.7 1.022
25.5 25.5 25.7 1.007

53.04 53.04 54.6 1.03



Integrated Quality Assurance




DQA — Point Dose Measurement

M. D. Anderson Cancer Center Orlando
TomoTherapy
Patient Dose Verification

Patient Name RTOG
Date 3/30/2005 15:49
Plan Name Plan_03

TomoTherapy Point Dose Verification

Temperature 22.0 °c
Pressure 755.6 mm Hg
CTP 1.006

Electrometer Inovision 35040

Chamber Exradin A1SL, SN 30566
Phantom Solid H20 ("Cheese" Phantom)
System Calibration Factor (C21) 0.550 [Gy/nC]
lon Chamber Position In Phantom 1 below film
Electrometer Reading for Phantom Irradiation 2.975 [nC]
DoS€pian 1.603 [Gy]
Dosemeas 1.646 [Gy]

Ratio (Dmeas/Dplan) 1.027 Pass




] TomoTherapy Planning Station -- M D Anderson - Orlando

patient: 09_HN,H0022_show

[OE: Jan 27, 2004 Sex:M

I0: HWrtogIMRT

Plan date: Mar 11, 2005 10:36:12 AM
Oncologist:

What's Next

Plan: Plan_D3

Plan status; Approved
DOA plan: Plan_01
Patient position: HFS

Save DOA Data

(RoIs_|[ Optimization | Fractionation |  Delivery QA Setup | Delivery QA Analysis |

g

®

=

L1+ >l

Select Procedure | Daose Display

[l Isodose

Reference dose: 2.22 Gy

Proc number: 0

Read Film File

Read Cal File

Convert To Dose

Plot Cal Tahle

Extract Dose Plane

Flip Image

Scale Film Dose

i

Film Registration

il

| Register Film Position |
Registration type: CORONAL ORIENTATION patient slice: 117

il

il

Film registration succeeded. You may now compare calculated

= Click Save Film Data to save current data
far this procedure.
= Click Save POIs to save POl data.

£

=18 %
User: Physicist
E

= -

[ T

Click on he imape o 9&1 8 horzomal line that best approdmates the position of the
plane of he fim Wwimh respect i e phanbam, You may select any shice. Wwhen satisfied,
click e Accepl Viertical Posilion' bulbon b end this slep of flm regrslration

.
4

X

o 1.0

ofile

amma

Accept Vartical Posfilen Cancal

]

| SaveFilmData | DTA tolerance (cm): [0.3 |
and measured doses.

| Save POIs | Dose tolerance (Gy): |0.0666 Change
Paints of Interest
| Add Point of Interest | MName | Comrment | color | x| v z | Calc Dose | Meas Dose| Diff (Gy)]
| Remaove Selected POl |
| Show Selected POI |
| Mave Selected POI |

=i



& TomoTherapy Planning Station -- M D Anderson - Orlando

patient: 09_HN,H0022_show

DOE: Jan 27, 2004 Sex:M

ID: HNrtogIMRT

Plan date: Mar 11, 2005 10:36:12 AM
Oncologist:

Plan: Plan_D3
Plan status: Approved
DGA plan: Plan_01
Patient position: HFS

(ROIs | Optimization || Fractionation |  Delivery QA Setup | Delivery OA Analysis |

, = DA

1.

Select Procedure Daose Display

[ Isodose

Reference dose: 2.22 Gy

Proc number: 0

Read Film File

Read Cal File

Convert To Dose

Extract Dose Plane

Flip Image

|
|
|
Plot Cal Table |
|
|
|

Scale Film Dose

What's Next

Save DOA Data

2 Click Save Film Data to save current data
for this procedure.
= Click Save POIs to save POl data.

User: Physicist

=
i
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Distance along arrow (cm)

|. measured dose (Gy) W calculated dose (Gy)|

Display Options

() No contours

MName

[¥| Show film contours

| Color | Display‘?|
_]

(@ Show these contours:

[

[v] Show film profile [v] Show calc profile
[+ Show background?

® Film background

17

_J Phantom background | Calculate Gamma

patient |
turnar | [ [v] Show calc contours
ptil | v
piva I [v] Show patient ROIs Search distance: {cm): |D.3 |
ptv3 | v

phvd [ I Save Film Data DTA tolerance {cm: |D.3 |
rpar [ 1] [l

= Save POIs Dose tolerance (Gy): |0.0666 Change
Select All Select None
Points of Interest
| Add Point of Interest | Comment | color L3 ¥ Z |__calcDose | Meas Dose | Diff (Gy) |
PTV 6B6.6 Gy | | 0.844 2.803 1.219 1.603 1.646 -0.043

| Remove Selected POI | Spinal Cord 0.344 2.303 -3.844 0.753 0758 | -5.517e-003

| ShowSelected POl |

‘ Move Selected POI |




TomoTherapy MVCT Imaging Chain

.
.
.

MV X-Ray Source

1.5 - 2.0 mm point source

Primary Collimator
4 mm slice for imaging

Binary MLC
(64 leaves, ea @ 0.6cm)

SAD = 85cm

| 85 cm Gantry
Aperture

140 ¢m CT FOV
/ Defined by MLC

.....

CT Detector System

738 channel array of Xenon ion chambers
Same detector used in previous GE CT scan



Spatial Resolution Limits

Resolved lp/mm
Nyquist Diameter Associated
Matrix 00(|5 }\r/InTrrIT) Limit Hole with Hole
P (Ip/mm) Pattern Pattern
(mm) Visualization
256 0.105 0.32 >1.75 <0.29

768

0.51

0.96

1.00

0.50




Patient Images: Prostate
Diagnostic (kV) CT Tomotherapy (MV) CT




MVCT Imaging Characteristics

Uniformity is comparable to diagnostic CT scanners while
noise Is worse

MVCT numbers are consistent — suitable for dose
calculations

Spatial resolution using 512x512 matrix is ~1.5 mm

Dose: ~1.1 cGy for 5-mm slice width and pitch of 1; dose
decreases with “looser” pitch

Energy ~ 3.48 MV

— Slightly softer than treatment beam — smaller spot size,
improved penumbra & contrast resolution

Image Quality Is acceptable for patient alignment
and is also acceptable for delineation of many
soft tissue structures.

Meeks et al., Med Phys 32(8):2673, 2005



Treatment Planning

* No
— beam angles to specify
— field sizes to specify
— length limit
— Energy choices (only 6 MV)
* Available optimization parameters
— Jaw setting : 1 — 5 cm (most often 2.5 cm)
— Pitch — (p=0.86"1/n) n=1,2,3,4...

— Modulation factor — higher means more
modulation

— Structure importance
— Penalties ( used to drive specific DVH points)



" ROIs | Optimization | Fractionation | Delivery QA Setun | Deliverv OA Analysis |

rPrescription | Dose Display
| -
) thvfol  Foi - | 950 % will FTECEe ........... 7 0 0 ’ — [+ Isodose
) _
) Stats = A y 73.5
|
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Tips for Optimization

« Optimization is an interactive iterative optimization
requiring user intervention.

« Work first on adequate PTV coverage. This should
be achieved in 25-35 iterations. After achieving
acceptable dosimetry, increase the penalty of the
target structures.

* Next work on one sensitive structure at a time by
greatly increasing the penalty of the sensitive
structure.



Treatment planning time

1. Step: Calculate Beamlets

20 - 30 min for prostate - 1-2 hours for Head and Neck
can be batched, l.e. overnight

2. Step: Optimize plan

0.5 - 1 hour for prostate (30-50 iterations)
1- several hours for Head and Neck
(50-several hundred iterations)



TomoTherapy Operator 5tation == Tomotherapy Inc,

o MRI Plan [GHOQ)
Jan 1, 2000 Geme: Unbonosemn

P dabe: Apr 30, 2004 2-28:20 P

iratint poaiinie HFS

Wlm s Mo

Prepars Scan

= Click Propare Scan,

@ i)

Acumine hmage

Siice Thickness

Fine
& Maimal

Comrsa

Cloar Solocied Shices

Creale Fast Man e Mlarney D Scan

= @)

= (L

Prepare scan

[Z] Show Auziliary Machine Data

I
=]y

B Pog ess Lo i secmmnis)

Elapsed Remaining

Couch Position {millimeters)
IEC Ty (longitud.) IEC Tz {vertical)
332.0 197.3

Monitor Chamber 1 (Dose Monitor Units)

Cumulative {mu) Rate {mu/min.)

Monitor Chamber 2 (Dose Monitor Units)

Cumulative (mu) Rate {mu/min.)

| Ready for scanning.

il

| Saturday, May 1, 2004 |

08:54:55



Prostate Helical Tomotherapy
Mutual Information/

Bone Technigue

Standard Resolution

(v Extracted Feature

Fusion




| Bone Technigue

| Standard Resolution

[_] Incomplete Field of View

Exit Manual

| Translations only

Transverse, aligned

) Coarse (® Fine

A

¥

Accept

@ Transverse
) Coronal
) Sagittal

[[] Store [ Export

[_] Lasers

[ Dose | 7.0




Average In-Room Times

* 5 minutes for setup
 3-5 minutes MVCT scan

5 minutes reconstruction and
registering MVCT to KVCT and shift
patient

 4-10 minutes beam on time (H&N, prostate)

17-25 minutes total for IGRT and IMRT



System Limitations

Reliability
Inability to deliver non-coplanar beams
No electrons

Simple treatments no longer simple and
maybe not better

— Parallel opposed fields
— Tangent breast



System Reliability

2005 uptime was actually very good (Meeks
calc) = 244/255 days = 96%

TomoTherapy, Inc. Service
— Very responsive

— Diagnostic tools are improving

— Recent improvements in local parts
inventory/distribution.

Major component reliability still an issue.

Aggravation factor

— System interrupts
— Couch



Simple Treatments now hard

What about “TopoTherapy” as a future solution?
Static modulated slit beam with continuous couch
translation through beam.

Breast tomotherapy Breast topotherapy (opposed tangents)

Gonzalez VJ, Buchholz DJ, Langen KM, et al. Int J Radiat
Oncol Biol Phvs 65(1): 284 2006



Future Development

Adaptive Tomotherapy

* Daily Image Guidance

* Dose Recalculation

» Deformable Image Registration
* Dose Accumulation

* Plan Re-optimization



Dose Recalculation

Use pre-treatment MVCT
l

Recalculate plan based on planned MLC pattern

l

Recalculate Dose on MVCT image



MVCT Images for Dose Calculation
Summary

- MVCT numbers are reproducible

- MVCT to electron density calibration is
reliable

- Phantom end-to-end test results are within 1
% of plan results

- MVCT images can be used for reliable dose
computations

Langen et al. : Use of megavoltage CT (MVCT) images for
dose computations. PMB, 50, pp 4259



DVH Recalculation

Rectum DVH




Viewers Arrangement Gang Orientation

[ Tile | Stack — Pan & Axial
T Zoom

Images I
2 {_} Coronal

Rows ¥ |1

|_| Slice ) Sagittal

Original planning CT
Reference CT

Dose

Displacement Mectors

| 25 35 20 45 47.50 BB  © show
- _ '

Switch [v] Isodose -

Center

Reference: |50.0 | Gy

Daily CT

Daily CT mapped
to Reference CT

Image Deformation

-

4 57 p HFs

HFs+ 4 57 p

HF S|



Cumulative DVH Relative
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20
Dose (Gy)

Vol Min:{0.0 — | — Gy Min:{0.0 = Gy Max:|35.994




Composite Delivery after Re-Plan
New plan on new CT, based on the accumulation of dosesfrom 17 of 35 total fractions

AIM: REDUCE PAROTID DOSE - 4 Gy colder over remaining 18 fractions

Cumulative DVH Relative

— Old Plan W’

zed)

T
=
[
L=
=
i3
Lk
=
=
]
=
[k
=
=
AL
o
il

cli 40 45 50
Dose (GY)

Yol Min:|0. Vol I'u'Ia:-::|1 ao0.o il Gy I'u'Iin:|III.EI




-TomoTherapy Plann

i ACTUAL DELIVERED TREATMENT:
17 EX PLAN 1 + 18 FX PLAN 2

35 Pla
17 Del 1




Acknowledgements

MDACCO

Doug Burch, CMD
Rob Burkavage, CMD
Bobby Chauhan, CMD
Patrick Kupelian, MD
Katja Langen, PhD
Choonik Lee, PhD
Rafael Manon, MD
Amish Shah, PhD
Robert Staton, PhD
Thomas Wagner, PhD
Twyla Willoughby, MS
Omar Zeidan, PhD

University of Wisconsin/TomoTherapy

Quan Chen, PhD
Rupak Das, PhD
Jason Haimerl, PhD
Weiguo Lu, PhD
Rock Mackie, PhD
Gustavo Olivera, PhD
Ken Ruchala, PhD
Wolfgang Tome, PhD



	Daily Localization III: Tomotherapy
	Outline
	TomoTherapy HI-ARTII
	MDACCO QA Program
	Compare Scan Data with Model
	Compare Scan Data with Model
	Integrated Quality Assurance
	DQA – Point Dose Measurement
	TomoTherapy MVCT Imaging Chain
	Spatial Resolution Limits
	Patient Images: Prostate
	Treatment Planning
	Optimization Window�Screenshot
	Tips for Optimization
	Average In-Room Times
	System Limitations
	System Reliability
	What about “TopoTherapy” as a future solution?�Static modulated slit beam with continuous couch translation through beam.
	Future Development�Adaptive Tomotherapy
	Acknowledgements

