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IGRT at UC Davis

® We are treating ~ 72 patients a day (clinical hours  : 7:00am — 5:00pm)
32 on Elekta Synergy
22 on Elekta Synergy-S
18 on TomoTherapy HI-ART
® 50% IMRT and every IMRT is IGRT
® Still learning about IGRT
Tomo
Synergy/S

Elekta Synergy TomoTherapy HI-ART Elekta Gamma Knife ~ E lekta Synergy-S

Contents

® A general overview of Helical Tomotherapy

® A planning comparative study between two IMRT
modalities: helical Tomotherapy and conventional
segmental MLC (SMLC) delivered IMRT of
nasophanryngeal cancer cases.

® A case study to use helical MVCT based planning of
nasophanryngeal cancer case.

History of Helical Tomotherapy

® |dea proposed by T R Mackie et al. (~1993)

® Research/Prototype (Univ. of Wisconsin,
1993 - 1999)

® TomoTherapy Inc. established (~1999)

® First commercial unit installation at
Wisconsin (~2002)

® Installation worldwide (US, Canada, Europe
and Asia)

® UCDavis Tomo is #53 (end of 2005)
® The company has rapidly expanded

Helical (Spiral) Tomotherapy

“slice by slice”

« Helical - radiation rotating around the
patient while couch is translating
« Tomotherapy — patient is irradiated
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Helical Tomotherapy Anatomy

* 6 MV for treatment
« 3.5 MV for imaging
« No flattening filter
+ SAD: 85 cm —
« MLC: binary

* MLC leaf width:
6.25 mm (ISO)

« Field Size in width:
40cm

« Field Size in length:
1,2.5and 5cm

« Treatment length up
to 160 cm

Tomotherapy IGRT

Tomotherapy Dose Painting

Planning Station

® Powerful
16 Dual Processor Computers
Calculations using
Superposition dose algorithm

® Fast

Simple to use (no beam angles, wedges,
weights, blocks, etc...)

* Efficient
Calculate beamlets overnight (batch)

No data transfer
« Shared database — once plan is
approved it is available on treatment
console for Q.

Treatments

$ %!
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Treatments

Tomotherapy Planning Process

Tomotherapy Planning Process (Continued)

Varian Eclipse IMRT Planning Example

Philips Pinnacle IMRT Planning Example

Tomotherapy Planning Process (Continued)
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Tomotherapy Planning Parameters

« Jaw Size: 1. 2.5 and 5.0 cm (longitudinal)
« Pitch: 0.3

Definition: the ratio of couch translation to field length in
longitudinal direction during one gantry rotation.

« Modulation factor (ceiling value, default to 2.0): determine the
range of leaf intensity values allowed in the optim ized plan and
is the ratio of the maximum to the average beamleti  ntensity.

« Dose calculation grid: fine, normal and coarse
« ROI type: Tumor and RAR

« Overlapping priority: very important to understand clearly. A
thoughtful order of overlapping priority can avoid a
misrepresentation of DVH for structures.

« Directional block or full block

Tomotherapy Planning Process (Continued)

Tomotherapy Planning Process (Continued)

Tomotherapy Planning Process (Continued)

IMRT versus Conventional 3DCRT

® IMRT provides improved dose conformity to tumor tar get
with significantly more sparing of critical normal
structures in treatment of locally advanced
nasopharyngeal carcinoma as opposed to 3DCRT
treatment techniques.

® Better conformity of an IMRT dose distribution and
better normal tissue sparing come at the expense of
spreading a low dose to a large volume of patienta  nd at
the expense of increased target dose heterogeneity.

Compare Two IMRT Modalities:
Helical Tomotherapy versus SMLC IMRT ?

®Dose uniformity / heterogeneity in targets

® Dose to critical normal structures
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RTOG-H0225 has stringent target volume coverage
and normal tissue sparing requirements

® Only one third of institutions who submitted dry ru n studies have
passed the protocol requirements for the first time

® Our institution participated in RTOG-H0225 protocol , here we
explore the difference between helical Tomotherapy and the
conventional segmental MLC (SMLC) delivered IMRT in  treating
nasopharyngeal cancers.

Target Coverage

® Feature of an IMRT plan: target has routinely regio  ns
of hot spot (volume of tissue receiving doses great er
than the prescribed dose) and cold spot (volume of
tissue receiving doses less than the prescribed dos e).

® According to RTOG-H0225 trial guidelines:

95% of PTV should be covered by the prescribed dose

Hot spots (regions receiving dose > 110% of the pre  scribed
dose) should cover < 20% of PTV and < 1% of tissues  outside
PTV

Cold spots (regions within PTV receiving doses <93 % of the
prescribed dose) should be < 1% of PTV.

Normal Tissue Sparing

® Critical normal structures:
Brainstem, optic nerves, chiasm 54Gy or 1% of PRV no  t> 60Gy

Spinal cord 45Gy or 1cc of PRV not > 50Gy
Mandible and T-M joint 70Gy or 1cc of PRV not > 75Gy
Temporal lobes 60Gy or 1% of PRV not > 65Gy

® Planning goals for parotid glands:
Mean dose 26 Gy (at least one gland).
20 cc of combined parotid gland volume receive <20  Gy.
50% in volume receive < 30 Gy (at least one gland).
¢ Other normal structures:

Tongue 55Gy or 1% of PRV not > 65Gy
Inner/middle ears mean dose less than 50Gy
Eyes mean dose less than 35Gy
Lens as low as possible

Glottic larynx mean dose less than 45Gy

SMLC IMRT Planning

® Five patients with locally advanced nasopharyngeal
cancers that were entered into the RTOG-H0225 study
from our institution were selected for this planning
comparative study.

® For each patient, CTV,, CTVs, , Were expanded by 0.5 cm
to form correspondent PTVs.

® The five patients were planned originally on Varian Eclipse
planning system and treated using segmental MLC
(SMLC) technique on a Varian CL2100C with 1 cm MLC
leaf thickness.

Helical Tomotherapy Planning

® All five patient's image and contour data used for the SMLC
IMRT planning were imported into Tomotherapy HI-ART planning
system.

® Tomo planning parameters: 2.5 cm jaw, 0.3 pitch, 2.5 initial
modulation factor and with a normal dose calculatio n grid.

® Tomo plans were completed to achieve PTVs’ coverage
according to the RTOG-0225. Then spare normal criti  cal
structures as much as possible.

® DVH data were exported from both planning systems, averaged
and compared using MatLab/Excel.

Results

® All five original plans with SMLC technique met
protocol criteria, but two had minor deviations in PTV,o
dose coverage.

® Figures on next two slides show DVH comparison in

PTVs and two selected normal critical structures, do se
distributions from two plan on the same patient.

® Tables show the averaged results from SMLC and
Tomo for PTVs and selected normal structures.
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DVH Comparison

Dose Distribution Comparison

PTV,, Coverage Comparison

Vgos(%) £SD V(%) £SD V(%) £SD Vg (%) +SD Vg ;(%) £SD

SMLC 0.4+0.8 6.9 £7.7 81.4+30.2 98.6 £1.7 99.5 0.5
TOMO 00 2.0+2.7 95.6 +0.3 98.5 0.7 98.9 +0.6

Dose to Selected Normal Critical Structures

Contralateral parotid Spinal cord Brainstem Chiasm Mandible
D50% (Gy) Mean (Gy) (cc) >45Gy (cc) > 54Gy  (cc) >54Gy  (cc) >70Gy

SMLC 26.8+25 33436 35155 0.6 £0.6 0.02£0.05 2.0+2.3
TOMO 233422 297437 0.3%0.2 0.3 0.4 0.02+0.05 2.7 +2.4

Mean Dose (Gy) to Selected Normal Critical

Structures
Ipsilat Contra Ipsilat  Contra  Larynx Oral
eye eye lens lens cavity

SMLC 85#84 7672 41+45 4045 359#46 50841
TOMO 6930 7535 29#07 29205 321+124 43945

Mean Dose (Gy) to Auditory Structures

Ipsilat Contra Ipsilat Contra
inner ear inner ear | middle ear |middle ear

SMLC |63.6 +13.1 53.8 +9.8 58.3+11.1 |50.0 4.7

TOMO |52.4+22.6 41.1+155 |44.4%175 |32.4+11.7
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Potential Advantages of Helical Tomotherapy
in Treating Nasopharyngeal Cancers

TOMO vs. SMLC

more homogeneous (in 95% of PTVs)
smaller

larger

better or comparable

a factor of two shorter

shorter (10 vs. 25 Mins beam delivery time)
easier

Target coverage

Hot spot

Cold spot

Critical normal structure
Planning time
Treatment time

Ease of treatment

Case Study: Helical Tomotherapy MVCT Based
Treatment Planning of a Nasopharynx Cancer Patient

Purpose/Objectives:

(1) To report on validation of helical Tomotherapy MVCT based
planning system and its first clinical use in plann inga
nasopharyngeal cancer patient with dental fillings in our
institution.

(2) To compare the achieved planning goals in targe  t dose

heterogeneity and critical normal structure sparing between

helical Tomotherapy MVCT based and conventional seg  mental
RTOG-H0225 meets the stringent requirement MLC IMRT plans.
Initiation of This Study: e .
Initiation of This Stud
MVCT versus KVCT Images y
Instead, the patient was planned on Pinnacle using 9 coplanar
beams and treated using segmental multileaf collimat ors
(SMLC) technique on an Elekta Synergy LINAC equippe  d with
1 cm MLC leaf thickness for the first several fract  ions.
At the same time, we tried to validate the MVCT bas ed
planning and generate a Tomo plan to deliver the res  t of her

treatment on Tomo.

Validation of MVCT Based Planning System

MVCT Based Phantom Plan
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Results of Phantom Study and lon Chamber
Measurements

® The phantom material density is read correctly
by Tomo MVCT number to density table.

® The two ion chamber measurements agree with
calculations within 1%.

Missing Tissues in MVCT due to Small FOV

Planning Structures Drawn Accounting
for Missing Tissues

Patient Planned Using MVCT Images on Tomo

® Patient scanned using Tomo MVCT >> Pinnacle
TPS >> registered with KVCT images >> Tomo
TPS

® Tomo-planning parameters: 2.5 cm jaw, 0.3
pitch, and 2.8 initial modulation factor with the
same planning goals as the SMLC ones.

DVH Comparison between MVCT Based Tomo
and SMLC KVCT based Pinnacle IMRT Plan

PTV,, Coverage Comparison

Vi) Vos®) Vi) Vees®)  Vesy(%)
KVCT 3.1 16.8 89.5 97.5 98.2
SMLC
MVCT 0.2 8.5 94.9 97.9 98.5
TOMO
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Dose to Selected Critical Normal Structures

Summary

® Reviewed basic concepts in helical Tomotherapy and difference
between Tomo-planning system and others

® From the planning comparative study, helical Tomoth erapy shows

Contralateral parotid Dose to 1cc Mean (Gy) Mean (Gy) Mean (Gy) . " .
DS0%(Gy)  Mean(Gy) (Gy) Larynx Esophagus  Mandible real advantages over SMLC ba'.sed IMRT in normal tiss  ue sparing and
Cord expanded homogeneous target coverage in nasopharyngeal cance  rs.
KVCT 659 64.9 46.3 54.4 44.7 56.6 ® For certain clinical situations, MVCT based Tomo-pl an can be used,
SMLC which can reduce dose calculating error resulted fr ~ om the inaccurate
MVCT 649 58.1 45.4 51.2 42.6 52.3 CT number to material density conversion caused by artifacts in
TOMO diagnostic CT images.
® When using MVCT based Tomo-plan, due to a small FOV , special
attention needs to be paid in areas of missing tiss ues in MVCT
images in order to avoid dose calculating errors.
Suggested Improvements . _
Radiation Therapists and Physicians Extension of K_nob Adjusting .COUCh
Lateral Shift from Therapists
® Likes:

Treatment accuracy

Scan/ registration process / 3 dimensional

Ability to choose image translation

Sense of stability to patients/ better education/ same set up (psych)

® Needs Improvements:
X knob (Lateral table movement adjustment is awkward)

Ability to hide inactive plans and name plans other than “01, 02"
will minimize possibility of treating wrong plans.

Ability to change scheduled dates of treatment.
Connectivity with record and verify system

Innovative solution >>>>>>

Suggested Improvements
Radiation Physicists & Dosimetrists
® Better contouring tools (Ability to add or delete structures,
expand/contract structures, combine structures, other tools as in other
commercial planning systems).
® REV Dose cloud for plan review
® ATC DICOM export facility.
® Larger screen to view isodose lines superimposed on images.
® Option to view axial, sagittal & coronal views individually (enlarged).
® Ability to write comments for plans.
® Area for signatures for planner, physician and QA check.
® Better design for organ dose reporting.
® Current GUI is very crowded. (multiple screens would help)
® Ability to combine different plans
® Multiple DVH points (dose constraints for individual critical structure)
to speed up the optimization process).
® DVH export facility.
® Ability to delete a single plan.

Thank you for your attention!
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