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* What’s next after IMRT and VMAT ?
- Digital LINAC

- Beam level imaging & imaging of RT beams

- Station parameter optimized radiation
therapy (SPORT )

- New QA tools for emerging RT technologies
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New Generation of Digtal LINACs

Versa - Elekta

One of the first three TrueBeam LINACs - installed in 2009,
Commissioning & acceptance test: July 2010, First SBRT
patient- Se

Gated RapidArc Treatment Delivery

Treatment SN

Beam-Level Imaging: Verification of
Geometric Accuracy
During treatment, acquire
kV images at the
beginning of beam on for
every breathing cycle.

For each imag
— Detect fidu

— Estimate 3D positions

— Compare fiducials witl
software “markers”

Ruijiang Li et al, Stanford
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W

Real-time Image Guidance for Gated RT

displacement (arb.)

expiration

time (arb.)

TrueBeam STx & SBRT at Stanford

= High geometric accuracy (~1 mm)
= HDMLC —for small lesions

= Fast delivery — 1400/2400 MU/Min for
6/10 MV FFF photons

= Motion management — onboard kV
imaging during dose delivery

Programmable station-by-station
(node-by-node) delivery
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IMRT

Intensity Modulation

R. Li & L. Xing, Bridging the Gap between IMRT and VMAT: Dense Angularly Sampled and
Sparse Intensity Modulated Radiation Therapy (DASSIM-RT), Med Phys. 38, 4912-19, 2011.

couch/collim
motion

*Iahimian, Xing, Hristov™; Stanford Uni 5 617493)977

B’mitre.Hrism-anf}d.edu

gy ()

» RT will be delivered station by station, instead of
field by field.
-An intensity modulated field consists of a number
of stations at the same gantry angle (i.e., segments).
-An arc consists of a large number of stations at
different gantry angle.
» SPORT planning —depending on the specific
delivery scheme!
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SPORT: Non-isocentric Treatment

SPORT: Non-isocentric Treatment

R. Li, K. Horst, L. Xing, K. Bush, IJROBP, 2013.
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SPORT: Non-isocentric Treatment

R. Li, K. Horst, L. Xing, K. Bush, [JROBP, 2013.

Non-isocentric Tx Bush and Li

R. Li, K. Horst, L. Xing, K. Bush, JROBP, 2013.

Non-isocentric Trteatment

R. Li, K. Horst, L. Xing, K. Bush, IJROBP, 2013.
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TrueBeam developer mode

e Custom beam data in xml

m
Gantre| Point

SORT oo g it
Method I: Segmentally boosted VMAT — adding a

few segments in certain directions and optimize the
RapidArc plan together with the added segments.

Improved dose distribution with a single arc.

SRl g e

Method II: Differentially boosted VMAT — adding a
few apertures to certain angular regions and optimize
the system. An adaptive optimization algorithm has
been developed for this purpose.
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Field Setup

« Single full arc VMAT
* Boosted partial arcs

— 3 arcs in this HN case

— each ~30 deg
* Treatment planning
— VMAT optimization

Comparison with single-arc

N
, \n
S NParotid L
sisiis]
N
S

-

\\Brain Stem

nangie: 2-arc VA
Square: Segmented boost
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Iso-dose distributions (20% and above)

2-arc VMAT Segmented boost

Iso-dose distributions (45% and above)

2-arc VMAT Segmented boost

Treatment delivery

* Delivered in a single-arc
— Each of the 3 partial arcs
is converted into 2 static
sub-fields.
— 1 continuous arc with 6
static beams inserted
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Delivery summary

* Rx: 200 cGy times 35 fractions

Control Gantry span

Points (deg) Delivery time

178

376

Segmented boost 1 min 55 sec

Numbe

IMRT

Intensity Modulation

R. Li & L. Xing, Bridging the Gap between IMRT and VMAT: Dense Angularly Sampled and
Sparse Intensity Modulated Radiation Therapy (DASSIM-RT), Med Phys. 38, 4912-19, 2011,

Search for IMRT inverse plans with plecewise constant fluence maps
using P! d ing iq
Lo

hw™ and Lel Xing
et of Radsstion On

algorithms. €

T RTPRp—

L Zhu & L. Xing, Med Phys, 2009
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Compressed Sensing-Based Inverse Planning Framework

minimize

di(x) =2 MAx— d) (A —d),

Ny N, N,

dy(x) =2 2 |V, )|

f=l u=2 v=2
subject to

x=0.

vu.v‘-'{”![".' = |-]'-.r.v|_-‘-'u—l.v| + |-]'-:r.r- ~ -]

Quality Assurance of SPORT

Radial Intensity Profile

Intensity (%)

Dose Intensity

i 0
j; Vi VI VY I\ %0 10 30 S0 70 9 110 130 150 170 180
i i Angular Location Along Arc (Degrees)

V. Yu, B.Fahimian, L. Xing & D. Hristov, Med Phys, in press, 2014

Quality Assurance of SPORT

V. Yu, B. Fahimian, L. Xing & D. Hristov, Med Phys, in press, 2014
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Quality Assurance of SPORT

Sweeping Gap Test Profile (Fixed Dose Rate) Sweeping Gap Test Profle (Variable Dose Rate)

Dose Intensity (%)

Horizontal Distance (cm) Hortzontal Distance (cm)
Figure 6. (s) Sweeping Gap Test (Fixed Dose Rate). Profile of relative dose intensity vs. horizontal
location (cm). (b) Resultant film image with the indication of the location of the profile shown in (a).
(c) Sweeping Gap Test (Varisble Dose Rate). Profile of relative dose intensity vs. horizontal location
(cm). (d) Resultant film image with the indication of the location of the profile shown in (c). To test dose
rate variation, the test was delivered in three segments with maximum dose rates of 100, 600, and 100
MU/imin, separations shown by the vertical dashed lines.

V. Yu, B.Fahimian, L. Xing & D. Hristov, Med Phys, in press, 2014

Quality Assurance of SPORT

Couch 108
Longitudinal 100
cm) 95

Gantry
Rotation
(deg)

eaf 104

leaf SDA

1000
Curulative
MU 500 s
0

V. Yu, B. Fahimian, L. Xing & D. Hristov, Med Phys, in press, 2014

Quality Assurance of SPORT

Table 2. “Tracking Test” Results
Left to fiducial® Right to fiducial” End to end®
Couch Direction  mean std mean std ‘mean std
Lateral 1.950 0.020 2,047 0.015 3997 0.006
Longitudinal 1.970 0.010 2,033 0.006 4.003 0.006

*Left to fiducial: distance from left beam edge to fiducial in cm
" Right to fiducial: distance from right beam edge to fiducial in cm.
“End to end: size of beam along the translational axis in cm.

Table 1. “Sweeping Gap Test” Results
Deviations relative to mean in (%) for the case of fixed and variable dose  rate during the
delivery of the sweeping gap.
Deviation relative to the mean (Fixed Dose Rate) (%)

Couch movement direction

standard deviation maximum deviation

Lateral
Longitudinal

0.37
0.52

1.04
L10

Deviation relative to the mean (Variable Dose Rate) (%)

Lateral
Longitudinal

0.95
112

1.98
242

V. Yu, B. Fahimian, L. Xing & D. Hristov, Med Phys, in press, 2014
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Dose Reconstruction Technique

Actual Parame Cc

ontrol Points
System’s Logfiles
Varian Tr

Delivery s

Paramets

- gantry angle
+ leaf position

« delivered MUs'

Treatment Phase of 4D
pCT or in-house
Pre-treatment, 4D CBCT program

Treatment
Planning
System

Gated-VMAT Re-constituted

Dosimetric Evaluation Dose Reconstruction DICOM RP file

TrueBeam Gated RapidArc — original plan, reconstructed dose
distribution and PTW Measurement

Non-gated VMAT delivery il " B Gated VMAT delivery
[GEEELE] 1 with 3 sec respiration
period

Planned and Reconstructed Dose Profile Comparison

on, G, Le Q, ing L, Cone|
uction for modulated arc therap
ne a 10

R-L profile A-P profile

Pesvis ALPlan Pelis-AP-Plan
— e L fecon

Polvis-&P-Rocon
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Dose Distribution Comparison

Reconstructio PTV DVH Plan

I T Pt copy - Unsgarired - i

reconstruction
plan

Positioning Errors and Dose Delivered to PTV

entionally introduced

Position #1
reconstruction

plan

Position #1: same as the plan
Position #2: L RO mm; A P:-2mm; § L 2mm
>

Position #3: L Ry3mm; A P: 5mm; S :5mm
> >

Case 1: Dose Distribution

«Lee L, Le Q, Xing L: Retrospective IMRT dose reconstruction based on cone-beam CT and MLC log-
8

file. International Journal of Radiation Oncology, Biology and Physics, 70: 634-644, 200
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Case 1: DVHs

DVH comparison of the intended and delivered plans

(%) 5
o

S)

o

Brainstem

nRelative vgjum gy
S

s}

o

80 120 160 200
Dose (cGy)

Cloud-Computing

based Monte Carlo M
infrastructure Computer

Il Memory
[__ee

K. Bush, H. Wang, G. Pratx, L Xing

Comparison between MC, Acuros, and AAA.

X Chen, K Bush, A Zhang 3 Lett, submitted , 2014
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Ratio of Total Structure Volume [%]

MU verification for VMAT

Relative dose [*]
&0 ]

MU verification for VMAT

MU verification for VMAT
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EPID-based absolute dosimetry for
digital linac

» unflattened beam
* high dose rate
 small sized fields in (SBRT)

Routine SBRT QA
— High efficiency
— High dose resolution
— Ease of use

Bin Han, E. Mok, G. Luxton, L. Xing, ASTRO, 2013

EPID Response Core

» Monte Carlo dose distribution kernel,
Optical spread kernel, Total EPID response

Optical spread kernel

EPID Response Kernel

Relative amplitude

——GXFFF

LOE-06
——

1LOE-07

20 -10 0 10 20
Bin Han, E. Mok, G. Luxton, L. Xing, AAPM, 20102 Radial distance from center (em)

EPID-based absolute dosimetry

Bin Han, E. Mok, G. Luxton, L. Xing, 20102
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Result: EPID dosimetry for
SBRT pt QA

6XFFF EPID vs. TPS verification plan

¢ Gamma results:
3mm/3%: 99.99
2mm/3%: 98.5
2mm/2%: 92.
1mm/3%:

SUMMARY

Features available in new generation of
LINAC: facilitate RT workflow and
improve the efficiency & accuracy.

Mechanical accuracy & imaging.
SPORT.
New QA tools are urgently needed.
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