ACCURAY

IMPROVING OUTCOMES
THROUGH THE USE OF
LIVE TUMOR TRACKING
WITH SYNCHRONY®

JIMM GRIMM, PHD, DABR, FAAPM
LEAD CYBERKNIFE® PHYSICIST
GEISINGER MEDICAL CENTER, DANVILLE, PENNSYLVANIA

aa» O



Improving Outcomes
through the use of
GEISINGER Live Tumor Tracking

100 with Synchrony®
“Make it

ASTRO 2022
"*Best” Jimm Grimm, PhD, DABR, FAAPM

Abigail Geisinger

1827-1921 — e
“Geisinger Quality — Striving for Perfection” GE[SINGER

IIIIIIIIIIIIIIIIIIIII



Accuray Disclaimers and Disclosure

Disclosure

The views contained and expressed in this presentation, including any accompanying oral
commentary, are those of the presenter and do not necessarily reflect the views or policies of
Accuray Incorporated or its subsidiaries. No official endorsement by Accuray Incorporated or any of
its subsidiaries of any vendor, products or services contained in this presentation is intended or
should be inferred.

An honorarium is provided by Accuray for this presentation.
Medical Advice Disclaimer

Accuray Incorporated as a medical device manufacturer cannot and does not recommend specific
treatment approaches. Individual results may vary.

Safety Statement

Most side effects of radiotherapy, including radiotherapy delivered with Accuray systems, are mild
and temporary, often involving fatigue, nausea, and skin irritation. Side effects can be severe,
however, leading to pain, alterations in normal body functions (for example, urinar%/ or salivary
function), deterioration of quality of life, permanent injury and even death. Side effects can occur
during or shortly after radiation treatment or in the months and years following radiation. The
nature and severity of side effects depend on many factors, including the size and location of the
treated tumor, the treatment technique (for example, the radiation dose), the patient’s general
medical condition, to name a few. For more details about the side effects of your radiation therapy,
and if treatment with an Accuray product is right for you, ask your doctor.
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Radiation has a Dose Response

» Edith Quimby
« 1928, RSNA
e Erythema dose

» The first electronic
computer wasn’t
iInvented until a decade
or so later!

» Graph paper!

» Confidence intervals
via “add one” and
“omit one™

HyTEC at Geisinger, Jimm Grimm, PhD

How it Started:
Quimby 1928, graph paper

How it's Going:

Aorta and Major Vessel data from 625 Cases, Xue 2016

T T T o b

MDA@CUH 387 Aorta Contours

| Plus 238 Published cases from Nishimura 2014

JTO 2014 Sep;9(9):1370-6.

o Cases with AE
« Cases without AE
— Logistic Model
1%, 2% and 5% Risk
- 68% Confidence Intervals
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Rubin — Emami - QUANTEC — HyTEC — ?

Our Next

TCP: Tumor control probability Project

NTCP: Normal tissue complication probability e N S e R

QUANTITATIVE ANALYSES OF NORMAL TISSUE EFFECTS IN THE CLINIC

Randall K. Ten Haken, PhD. Mary K. Martel, Ph.D.
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HyTEC: ‘Hy’ Dose per Fraction, Hypofractionated Treatment Effects in the Clinic
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HyTEC: ‘Hy’ Dose per Fraction, Hypofractionated Treatment Effects in the Clinic
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HyTEC: ‘Hy’ Dose per Fraction, Hypofractionated Treatment Effects in the Clinic
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Optic NTCP: Single- and Multi-Fraction Stereotactic Radiosurgery

Dose Tolerances of the Optic Pathways

Milano MT, Grimm J, Soltys SG, Yorke E, Moiseenko V, Tomeé WA, Sahgal A, Xue J, Ma L, Solberg TD,
Kirkpatrick JP, Constine LS, Flickinger JC, Marks LB, El Naga I.

. s - e Pooled data from 34 studies
2084| « SRS .
% e 1578 patients
2" HyTEC: Optic Nerve e Linear Quadratic (LQ) with
0.4 Dose Tolerance ) a/p=1.6 G
NTCP roo P 0By
e Dose tolerance for Grade 3 or

higher radiation induced optic

neuropathy: Separate
Model
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] 4 Grimm et al. International Journal of Radiation Oncology e Biology e Physics I

Table 2  Summary of NTCP® estimates after SRS/SBRT from the HyTEC reports™
Dose (Gy) or

Volume Number of dose-volume
Organ segmented fractions Endpoint parameters Rate (%)” Notes
Brain; for Total brain 1 Symptomatic Visgy <5 cm’ 10% From Table 3 and Figs. 4
metastasis including necrosis and 5 in paper.
target 1 Symptomatic Vizgy < 10 cm’ 15% Consistent with
necrosis QUANTEC.
| Symptomatic Viagy < 15 cm’ 20% Prior whole brain RT
NECrosis appears to not markedly
é HyTEC h 3 Edema or Vaogy < 20 cm’ < 10% increase risks in most
necrosis reports (with the
Summary 3 Edema or Vaogy < 30 cm’ < 20% exceptli(}n of brain
Table: necrosis stem)." However, repeat
g NTCP ) 5 E(::;Ti}:l; Vasgy < 20 cm’ < 10% :i:f}ilj;et:nthe same
5 Edema or Vasgy < 30 cm’ < 20% associated with
Necrosis markedly increased
risks.
Brain; SRS for Total brain 1 Symptomatic Viagy < 10 em’ < 10%  From Figure 2 in paper
arteriovenous including Necrosis
malformation target
Optic pathway Optic nerves and 1 Neuropathy Dpax < 10-12 Gy < 1% From Table 3 in paper.
chiasm 3 Neuropathy Dmax < 20 Gy < 1% Consistent with
5 Neuropathy Dpax < 25 Gy < 1% QUANTEC. 1

Prior RT exposure of the
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Grimm et al. International Journal of Radiation Oncology e Biology e Physics

Table 3 Summary of TCP estimates from the HyTEC reports™

Volume Dose (Gy). or
Tumor segmented, Number of dose-volume
site/type margin fractions Endpoint’ parameters’ Rate (%)’ Notes
Brain metastases GTV + 0-2 1 2-year local <2 cm, 18-24 Gy  80%-95%  l-year local control =
mm margilfE control, >85%-90%
| by lesion size 2-3 cm, 18 Gy 66% I-year local control = 75%
1 >3 cm, 15 Gy 47% 1-year local control = 70%
3 2-3 cm, 24-30 Gy  65%-84%  1-year local control = 80%
3 >3 cm, 21-27 Gy  53%-69%  1-year local control = 75%
5 2-3 cm, 30-35 Gy  75%-85%  l-year local control = 80%
5 >3 cm, 25-30 Gy 59%-69%  l-year local control = 75%
Vestibular GTV+ 0-2 1 3-5 year local >12 Gy >91% Variable PTV margins used.
Schwannoma mm marginl 3 control 18 Gy >91% Most available data are
5 25 Gy >91% with a single fraction.
Head & neck; GTV + 0-6 5 2-year local 45 Gy 50% Majority of newer studies
retreatment mm margin control used 2-6 mm margin
Lung; T1-2 ITV or 3 1-5 year local 33 Gy <50% Based on minimal data
lesions’ IGTV control
+ 3-8 mm
4 HyTEC N 3 1-5 year local 45-54 Gy =>T75% In most studies
control
Summary 3 1-5 year local >60 Gy >80%-85% In most studies
Table: control
4 1-5 year local 42-48 Gy =>T70% In most studies
\_ TCP ) control 12

4 1-5 year local >52 Gy >80%-85% In most studies



HyTEC: ‘Hy’ Dose per Fraction, Hypofractionated Treatment Effects in the Clinic
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Tumor Control Probability of Radiosurgery and Fractionated
Stereotactic Radiosurgery for Brain Metastases

Redmond KJ, Gui C, Benedict S, Milano MT, Grimm J, Vargo JA, Soltys SG, Yorke E, Jackson A, El Naga I,

Marks LB, Xue J, Heron DE, Kleinberg LR.

1r Small Tumors
0.9+
0.8
=
S 0.7-
©
o]
S os6F
o
Los
=
o
O o04-
| =Y
g
= 0.3~
= Logistic
0.2+ O Data for 1 Fraction
{ Data for 2-5 Fractions
01 | 95% Confidence Intervals
Selected Control Rates
0 . . . .
0 10 20 30 40

Prescription LQ SFED,, Gy

HyTEC for DVC AAPM, Jimm Grimm, PhD
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Tumor Control Probability of Radiosurgery and Fractionated

Stereotactic Radiosurgery for Brain Metastases

Redmond KJ, Gui C, Benedict S, Milano MT, Grimm J, Vargo JA, Soltys SG, Yorke E, Jackson A, El Naga I,
Marks LB, Xue J, Heron DE, Kleinberg LR.

» Pooled data from the 56 of 2951 studies

With data 1r Large Tumors
e Linear Quadratic (LQ) with a/p=20 Gy ol
0.8 .
e 2-year local control by lesion size: £ , Logistic
S * O Data for 1 Fraction
Dose (Gy), or © 06- . O Data for 2-5 Fractions
Number of dose-volume E 95% Confidence Intervals
fractions parameters’ Rate (%)’ £-as Selected Sontrol Rates
R s’ 0 S
O o4
1 <2 cm, 1824 Gy  80%-95% 15Gy/1ix 5 04 HyTEC:
Sl Brain Mets
| 2-3 cm, 18 Gy 66% | - c |
I =3 cm, 15 Gy 7% umor Contro
3 2-3 cm, 24-30 Gy 65%-84% 01 TCP
3 >3 cm, 21-27 Gy 53%-69% 0 , . . .
0 10 20 30 40
S 2-3 cm, 30-35 Gy 75%-85% Prescription LQ SFED,, Gy
5 >3 cm, 25-30 Gy  59%-69%

"*Read the fine print in the HYyTEC papers:
interpreting actuarial data in the setting of metastatic cancer. Often, the local control is estimated by censoring patients at the time of death, and the accuracy of actuarial te

i GeiSiﬂger 15

uuuuuu

HyTEC for DVC AAPM, Jimm Grimm, PhD o
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Tumor Control Probability of Radiosurgery and Fractionated

Stereotactic Radiosurgery for Brain Metastases

Redmond KJ, Gui C, Benedict S, Milano MT, Grimm J, Vargo JA, Soltys SG, Yorke E, Jackson A, El Naga I,
Marks LB, Xue J, Heron DE, Kleinberg LR.

» Pooled data from the 56 of 2951 studies
with data
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HyTEC for DVC AAPM, Jimm Grimm, PhD
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Tumor Control Probability of Radiosurgery and Fractionated

Stereotactic Radiosurgery for Brain Metastases

Redmond KJ, Gui C, Benedict S, Milano MT, Grimm J, Vargo JA, Soltys SG, Yorke E, Jackson A, El Naga I,
Marks LB, Xue J, Heron DE, Kleinberg LR.

» Pooled data from the 56 of 2951 studies

With data 1r Large Tumors
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Does targeting accuracy make a difference?
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G3-5 Major Vessel Toxicity

MDA@CUH 387 Aorta Contours
0.9+ Plus 238 Published cases from Nishimura 2014
| JTO 2014 Sep;9(9):1370-6.
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Does targeting accuracy make a difference?

2,262

total views

/ 10 Times Lower Risk

Total number of patients Grade 3 or higher
in dose range complications
CyberKnife® Linac CyberKnife Linac
with or no with or no p-value
Synchrony®  Synchrony Synchrony Synchrony
Aorta/Major Vessels D1cc 111 133 0 3 0.253
Chestwall D2cc 25 114 0 19 0.024
Duodenum Dlcc 32 11 2 3 0.097
Small Bowel D2cc 47 65 0 7 0.021
Total 215 323 2 32
1% 10% p < 0.0002

because Submillimeter End-to-End Tracking

From HyTEC to Personalized, Jimm Grimm, PhD Frontiers in Oncology, Feb 2021, PMID: 33634020 G e I S | ng e r



Clinical Challenge
Targets move - Life Is always in motion

/ Methods of correcting for breathing,

circulation, and digestion

Expand treatment margins and treat the entire motion
envelope - ITV

Manage breathing, and turn the beam ON/OFF depending on
tumor position — gating

Efficiently follow the dynamically moving target with the beam
— Accuray Synchrony® motion tracking

Gelsinger



Key Challenge: Hitting Moving Targets

Accuray
| Current “motion

management” for
precise RT

Tracked >

Synchrony®

F N Geisinger =




Synchrony® is Accuray Exclusive

STEREOSCOPIC ROBOT MOVES

KV IMAGES THE BEAM

A

COMPUTER-GUIDED
TREATMENT DELIVERY

A A
INTRA-FRACTION BEAM-TO-TARGET
IMAGING SYNCHRONIZATION

v v

m

i‘
SEQUENTIAL MONOSCOPIC JAWS & MLC
KV IMAGES MOVES THE BEAM

Acrtificial intelligence (Al) driven
Real-time adaptive treatment delivery
Continuously personalized to each patient
Indication specific

Random or cyclic motion

Sub-millimeter delivery precision
and accuracy

Gelsinger
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Factors Affecting Outcomes
(Like Section 5 of all QUANTEC and HyTEC papers)

€ ~ - Equal by default, or if some fiducials
were only tracked some of the time you
- S can set items 5 and 6 to be different
A B C
Per Patient:
Factors Potentially Affecting Reported Outcomes in CyberKnife and Radixact Synchrony Tracking
Ttem
1 Tracking Method Synchrony with Fiducials
2 Fiducial Geometry Quality 2 Good
3 Tumor Visualization During Treatment (LOT or Fiducials) 2 Good
4 Tvpe of Fiducials Wisicoil Twinline Tandem Markers
5 Max Number of Fiducials Tracked for at least 50% of a Fraction 4
6 Min Number of Fiducials Tracked for at least 50% of a Fraction |4 |~
Mumber of Fiducials Tracked
How many fiducials were tracked
during treatment for this patient
Per Institution. Only update these ftems per patient when altering from default practice:
Institutional Default Practice - Only need to change these if an individual patient is different than normal practice
7 Planning CT Datasets Normal Exhale and Normal Inhale
3 For Breath-Hold CT Scans, Method used to Visualize Breathing Varian RFM
Dose Calculation Algorithm Monte Carlo <= 1% Uncertainty
10 Dose Calculation Resolution High
11 Planning CT Slice Thickness <= lmm

Deformation vs Artifact, Jimm Grimm, PhD G e | S I n 9 e r 23



Factors Affecting Outcomes

/ CT Acquisition Guidelines

(In addition to standard non-motion guidelines for the Radixact System)

v'Planning image must be kVCT (nhot MVCT)
v'Acquire scan at patient’s natural end-exhale for best visualization

» To avoid blurred images, it is not recommended to use 4DCT

+ If 4ADCT is the only option, contour the target near the middle of the breathing phase
v'Use high resolution to facilitate comparison between DRRs and radiographs:
* 1 mm slice thickness
* 50-cm field of view (use a larger field of view if necessary to contain anatomy)
* 512 x 512 pixels
v’ Set up target as close to isocenter as possible, so target/fiducials are visible on kV detector panel:
« If possible, position target within a 10-cm radius of isocenter in the transverse plane

« If the target cannot be positioned within 10 cm of isocenter, you will need to choose imaging angles that ensure
target visibility during planning

v'Use same patient setup for the planning CT scan as for daily treatments
wc E ] CE| NTE; EC():EUERDQJYC‘ATION

Deformation vs Artifact, Jimm Grimm, PhD G e I S | n 9 e r 24




Deformation: 4DCT of A Perfect Sphere

Deformation vs Artifact, Jimm Grimm, PhD G e | S I n 9 e r 25



Deformation: 4DCT of A Perfect Sphere

ADCT

ADCT artifact can
look like deformation

Deformation vs Artifact, Jimm Grimm, PhD G e | S I n 9 e r 26




Which two phases would you use for normal exhale and normal inhale?

My answer: None of these will give submillimeter end-to-end, to put it nicely...

e If you have a 4D CT scanner that you are
absolutely certain is submillimeter end-
to-end in all phases, | would be interested. ’
 Until then, this is not meeting
CyberKnife® accuracy requirements
e 4D CT can verify the extents of normal
breathing if fused as a secondary scan,
but not for the planning CT 3 3¢
 Spirometer, Varian RPM, etc. can ensure - .
good breath-hold scans
o |f people use the CyberKnife in a non-

ideal way, they may get suboptimal We know the phantom is a perfect sphere.
results This is entirely artifact, not deformation.

Deformation vs Artifact, Jimm Grimm, PhD G e | S I n 9 e r 27




Compare to Synchrony® live Tracking during treatment

e Clear as day!

Submillimeter end-to-end Specification

Deformation vs Artifact, Jimm Grimm, PhD G e I S I n 9 e r 28



Deformation or Artifact?

Synchrony® ADCT ADCT

Synchrony
Interpolates
15 phases
and optically
updates -
tracking
100 times |
per second
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Could this artifact ever happen on a real patient?

e How likely is it that this tumor . .
actually separates into two pieces and ‘
rejoins itself? ' —t —
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Renal Case Study: 80% phase. A fiducial is >2x known length

Sagittal Coronal
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Renal Case Study: 90% phase. Is one fiducial a double?

Sagittal Coronal
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Renal Case Study: 0% phase. No, it was just 4ADCT artifact!

Sagittal Coronal
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This 4DCT is not Submillimeter End to End!

Sagittal, 80% phase Sagittal, 90% phase
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Synchrony® is designed to solve these problems

CyberKnife® Synchrony Synchrony is now available on Radixact® as well
Tracking, since 2004

Radixact System treating Lung tumors with Synchrony

Deformation vs Artifact, Jimm Grimm, PhD

(=)

. Ring gantry

Patient positioning system
kV X-ray source
Linear accelerator (LINAC)

Jaws and binary Multileaf
Collimator

. X-ray detector

Synchrony® Respiratory
Camera Array (option)

Geisinger




 Normal BreathHold scans

e combined with Synchrony® tracking

e can solve this problem:
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First watch the patient’s breathing to determine
Normal Inhale and Normal Exhale positions

VANNYA YA NS NN -
— -1
Normal
A Exhale
| 1 | ] 1 | ] 1 | ] I
02:10 02:15 02:20
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Normal Exhale:

Practice with the patient several times before the scan

“Take a deep
breath in...”

“blow It
out, ...”

EAN /X//\&,_

“...and
hold it.”

Deformation vs Artifact, Jimm Grimm, PhD

This by itself is not
submillimeter
anything — it is just
breathhold in a
reasonably
representative
position

Synchrony fiducial
tracking during
treatment can make
it submillimeter
end-to-end

Gelisinger
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Normal Inhale:

Practice with the patient several times before the scan

“Take a deep
breath in...”

J

“let out a
ittle bit, ...”

0.50

Pa\Vis.

“...and
hold it.”

Deformation vs Artifact, Jimm Grimm, PhD

There i1s no need to
hit the exact mark —
just try to ensure no
motion during the
CT scan, in a
representative
position

Synchrony fiducial
tracking during
treatment can make
It submillimeter
end-to-end

Gelisinger

39




For slow CT scanners, the breath hold only needs to be
near the tumor

e _2 | Al A=Rel Electron B=2
...and
hold it.”

“OK you can
breathe!”
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Compare fiducial locations in each breath hold scan

Tools VOIs  Display

Locate Fiducials
@ Auto Center

Add

Finetune Position

Fiducials (mm IECp)

-05.42 -21155 -12.92
-105.57 -223.06 0.05
-93.87 -22664 -2.47
-111.54 -227 46 6.17
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Normal Exhale and Normal Inhale matched within 1mm

Best Exhale,

Rejected Exhale, mm Inhale, mm Re-Scanned Exhale, mm
Reference, mm

FID X Y Z X Y Z 3DErr X Y Z 3DErr X Y Z 3DErr
1 -95.4 -211.6 -12.9 -95.9 -213.7 -10.7 -94.8 -211.3 -13.4 0.8 -95.6 -211.8 -12.7 @ 0.4
2 -105.6 -223.1 0.1 -105.0 -222.9 -0.5 0.8 -105.4 -2229 -0.4 0.5 -105.4 -223.4 0.0 0.4
3 -93.9 -226.6 -2.5 -93.5 -226.4 -2.7 0.5 -94.5 -226.3 -2.6 0.7 -94.0 -226.3 -2.7 0.4
4 -111.5 -227.5 6.2 -111.2 -226.6 6.1 0.9 -111.1 -227.2 6.4 0.6 -111.5 -227.6 6.2 0.1

4 L\

Mismatch

detected, so
rescanned )

.
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It Is very important to follow Accuray recommendations!

/ CT Acquisition Guidelines

(In addition to standard non-motion guidelines for the Radixact System)

v' Planning image must be kVCT (not MVCT)

v'Acquire scan at patient’s natural end-exhale for best visualization

» To avoid blurred images, it is not recommended to use 4DCT

+ If4DCT is the only option, contour the target near the middle of the breathing phase
v"Use high resolution to facilitate comparison between DRRs and radiographs:
* 1 mm slice thickness
» 50-cm field of view (use a larger field of view if necessary to contain anatomy)
« 512 x 512 pixels
v’ Set up target as close to isocenter as possible, so target/fiducials are visible on kV detector panel:
* If possible, position target within a 10-cm radius of isocenter in the transverse plane

« If the target cannot be positioned within 10 cm of isocenter, you will need to choose imaging angles that ensure
target visibility during planning

v'Use same patient setup for the planning CT scan as for daily treatments
WNOE wiissis

Deformation vs Artifact, Jimm Grimm, PhD G e I S | n 9 e r
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A typical Linac beam profile explains a lot:
Linac 80/20 Penumbra: 5mm => 4x dose

A 10T
0.9 +
0‘8—hlllIIIIIIIIIIIIIIIIIIIIIIII E B EEEEEEEEER EE B EEEEEEEEEEEEEEEEEEEEEENI
0.7 +
5 06+
s
S8 0.5
- el 5mm 80/20 Penumbra
U) "
o => 4x dose
O o3+
T 0‘2-IIIIIIIIIIIIIIIIIIIIIIIIIIII E B EEEEEEEEEESR E EEEEEEEEEEEEEEEEEEEEEEEENI
Mahadevan et al. 2021,
IJROBP May 0.1+
1;110(1):206-216.
0.0 { } {
-10 -8 -6 -4 -2 0 2 4 - 8 10

Off-axis distance, cm
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A typical Linac beam profile explains a lot:
Linac 60/40 Penumbra: 1.5mm => 1.5x dose

B 1.0 1

0.97T
0.8 1
0.7 T
0.f tessssssssssnsnsnannnnnnannnnasnnnnnnnnnnfhansnnnannnnnnannnnnnnnnnnn

0.5

Y7 SR AP AP AR AR — — L.amm 60/40 Penumbra

Dose output

037
0.2 4
0.1

0.0 {
-10 -8 -6 -4 -2 0 2 4 £ 8 10

Off-axis distance, cm
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A reviewer said: but that’s just from a single beam!

A. Axial B. Sagittal

m .

A 8
J/ N PTV, 97.3%

\\.
|/ GTV, 98.5% RN
R

Rt Optic Nerve

Fig. AS. Sphenoid meningioma adjacent to chiasm and optic nerve. Axial (A) and Sagittal (B)
planes are shown for a single-fraction plan with 7.5mm and 12.5mm fixed cones, 40 non-isocentric
beams, with an estimated 2 1-minute delivery time. The 12 Gy prescription line 1s 50% higher than
the 8 Gy chiasm limit from Tishler 1993 (48) which i1s 1.53mm away, comparable to the conceptual
example of 50% dose gradient in 1.5mm as in Fig. 4B. This single-fraction plan would have had
PTV coverage of 97.3% and GTV coverage 98.5%, but ultimately the physicians decided to use 5
fractions instead so that better tumor coverage would be achievable.

8Gy limit, 12 Gy script

50% gradient, 1.53mm

Acknowledgement
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allowing us to use this
morning's sphenoid
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Spinal cord example, 1.5mm could correspond to 50% higher dose

Non-CyberKnife® CyberKnife

17 ' @ . o |f the 14Gy/1fx had a 1.5 mm

0.9- 14'Gy 21'Gy targeting uncertainty...

208" 1.5mm, potentially I ¢ > I ]

- % high

Zor 50% higher dose i . . 14%60/40 = 21 Gy

é. 0.6 ! |

‘s 0.5 ! I i

> ! ' * Recall the shape of a single beam

o :

§ 0.2 : * Need models accounting for
o1 : ' targeting errors and volume

: effects, including random

0 5 10 15 W] direction of errors

Dmax, Single-Fraction Equiv., Gy
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What if tracking was not submillimeter end-to-end?

B 1.0 1

09T
0.8 +

ADCT

u.” I
0_6 ~S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE N EEEEEEEEEEEEEEEEEEEEEEEEENI

05T

YT SR A AR AR AN — S— Lamm 60/40 Penumbra

Dose output

0.3
0.2 4
0.1

0.0 }
-10 -5 -6 -4 2 0 2 4 & 8 10

Off-axis distance, cm
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Many more factors affecting outcomes

Monte Carlo dose calculation
 Fiducial placement guidelines, 4-6 fiducials

« Migration-resistant fiducials

 LOT: make sure you can see the tumor Etc.

» Multiphasic contrast for liver and pancreas

* MRI with 3D distortion correction
» Fiducial placement skill. SuperDimension / endoscopic / CT guided, etc.

« Increased margin for the smallest tumors, to ensure not missed entirely N eed to hand Ie these

Synchrony®: breathing coaching for irregular breathers

Synchrony: delete old peaks instead of new ones, if new peaks mismatch effl Cl ently an d COSt'

Synchrony: center rotations across peak and valley to remain within +1.5°

Synchrony: Spirometer or RPM to ensure normal exhale and inhale CT effe Ct i Ve Iy Wi th i n th e

Immunotherapy

Prostate: bladder and bowel prep I = = I kfl

Bath and shower — ensure low dose to large volumes C I n I Ca WO r OW
Vascular damage may help TCP if you can get above 10Gy/fraction

Pass IROC phantoms to ensure accurate dose calculation and targeting

Treating far off-axis only works well when the patient doesn’t deform

Gas can affect spine tracking — use a mild bowel prep even for spines
Is it OK to import contours from every other system? Are you sure they are accurate?
Tumors grow exponentially until treated — therefore minimizing the time from diagnosis to treatment can improve outcomes.
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Factors Affecting Outcomes
Best Subset: The most benefit within feasible efficiency

€ ~ - Equal by default, or if some fiducials
were only tracked some of the time you
- S can set items 5 and 6 to be different
A B C
Per Patient:
Factors Potentially Affecting Reported Outcomes in CyberKnife and Radixact Synchrony Tracking
Ttem
1 Tracking Method Synchrony with Fiducials
2 Fiducial Geometry Quality 2 Good
3 Tumor Visualization During Treatment (LOT or Fiducials) 2 Good
4 Tvpe of Fiducials Wisicoil Twinline Tandem Markers
5 Max Number of Fiducials Tracked for at least 50% of a Fraction 4
6 Min Number of Fiducials Tracked for at least 50% of a Fraction |4 |~
Mumber of Fiducials Tracked
How many fiducials were tracked
during treatment for this patient
Per Institution. Only update these ftems per patient when altering from default practice:
Institutional Default Practice - Only need to change these if an individual patient is different than normal practice
7 Planning CT Datasets Normal Exhale and Normal Inhale
3 For Breath-Hold CT Scans, Method used to Visualize Breathing Varian RFM
Dose Calculation Algorithm Monte Carlo <= 1% Uncertainty
10 Dose Calculation Resolution High
11 Planning CT Slice Thickness <= lmm

Deformation vs Artifact, Jimm Grimm, PhD G e | S I n 9 e r 50



We can save data from our own patients on NCI sponsored studies

& C @

C I C Y

Q 8 nttpsy,

tog.mdsol.com/MedidataRave/(S(zrg0hpwzfkgxcbdigdiu1 1gg))/Modules/EDC/CRFPage.aspx?DP=1¢ @ i:? @

g

—

[ iMedidata [ Messages [R My Profile % Help {3 Home

B 2 Year Follow-Up

[ Patient Contacted

[& Follow Up

& Any Adverse Events?
[& Adverse Events

[ Lab Results (PSA)
[& EQ-5D -5L Coversheet
[& EQ-5D -5L

[& EPIC -26 Coversheet
[& EPIC -26

[& Imaging Submission Log

|CRF History
-EPIC
-26
Patient Contacted
EPIC-26 Sexual
EPIC-26 Hormanal

EQ-5D-5L

|EPIC-26 Bowel & Urinary

Radiosurgery in Motion, Jimm Grimm, PhD

P B

| Page: EPIC -26 - 2 Year Follow-Up

Ower the past 4 weeks, how often have you leaked urine?

Which of the following best describes your urinary control during the last 4
weeks?

How many pads or adult diapers per day did you usually use to control
leakage during the last 4 weeks?

Dripping or leaking urine

Pain or burning on urination

Bleeding with urination

Weak urine stream or incomplete emptying
Need to urinate frequently during the day

Overall, how big a problem has your urinary function been for you during the
last 4 weeks?

Urgency to have a bowel movement
Increased frequency of bowel movements
Losing control of your stools

Bloody stools

Abdominal/Pelic/Rectal pain

3 - More than once a week
3 - Occasional dribbling
0 - None

2 - Small Problem

0 - No Problem

0 - No Problem

2 - Small Problem

3 - Moderate Problem

3 - Small Problem

0 - No Problem

0 - No Problem

0 - No Problem

0 - No Problem

0 - No Problem

< <IN < I <R I < I < < I <IN R I R P

Gelsinger

@

{fY Logout
User: (Clinical Research Associate)

e~

b

A
2

-

(|

(|

~
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Conclusions

e Synchrony® has potentially 10x lower risk:

+ “Pooled logistic and probit models for grade 3 or higher toxicity for aorta,
chest wall, duodenum, and small bowel suggest a significant difference when
live motion tracking was used for targeting tumors with move with respiration
which was on the average 10 times lower, in the high dose range.”

+ Frontiers in Oncology, Feb 2021, PMID: 33634020

* Need to define the best treatment techniques with Synchrony to
ensure best outcomes

* Need to accumulate prospective long-term data to fine-tune
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From Coal Miner
to Data Miner
IN 3 Generations

/"H.
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This is not the end — just the beginning!

If you treat patients you have data — let’s analyze and publish it together!

-

Gelisinger ;



	Improving Outcomes
through the use of
Live Tumor Tracking
with Synchrony®

	Slide Number 2
	Accuray Disclaimers and Disclosure
	Conflicts of Interest
	Radiation has a Dose Response
	Rubin → Emami → QUANTEC → HyTEC →  _________
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Optic NTCP: Single- and Multi-Fraction Stereotactic Radiosurgery �Dose Tolerances of the Optic Pathways�Milano MT, Grimm J, Soltys SG, Yorke E, Moiseenko V, Tomé WA, Sahgal A, Xue J, Ma L, Solberg TD, Kirkpatrick JP, Constine LS, Flickinger JC, Marks LB, El Naqa I. 
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Tumor Control Probability of Radiosurgery and Fractionated Stereotactic Radiosurgery for Brain Metastases�Redmond KJ, Gui C, Benedict S, Milano MT, Grimm J, Vargo JA, Soltys SG, Yorke E, Jackson A, El Naqa I, Marks LB, Xue J, Heron DE, Kleinberg LR. 
	Tumor Control Probability of Radiosurgery and Fractionated Stereotactic Radiosurgery for Brain Metastases�Redmond KJ, Gui C, Benedict S, Milano MT, Grimm J, Vargo JA, Soltys SG, Yorke E, Jackson A, El Naqa I, Marks LB, Xue J, Heron DE, Kleinberg LR. 
	Tumor Control Probability of Radiosurgery and Fractionated Stereotactic Radiosurgery for Brain Metastases�Redmond KJ, Gui C, Benedict S, Milano MT, Grimm J, Vargo JA, Soltys SG, Yorke E, Jackson A, El Naqa I, Marks LB, Xue J, Heron DE, Kleinberg LR. 
	Tumor Control Probability of Radiosurgery and Fractionated Stereotactic Radiosurgery for Brain Metastases�Redmond KJ, Gui C, Benedict S, Milano MT, Grimm J, Vargo JA, Soltys SG, Yorke E, Jackson A, El Naqa I, Marks LB, Xue J, Heron DE, Kleinberg LR. 
	Does targeting accuracy make a difference?�
	Does targeting accuracy make a difference?�
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Factors Affecting Outcomes�(Like Section 5 of all QUANTEC and HyTEC papers)
	Factors Affecting Outcomes
	Deformation:   4DCT   of      A Perfect Sphere
	Deformation:   4DCT   of      A Perfect Sphere
	Which two phases would you use for normal exhale and normal inhale?�
	Compare to Synchrony® live Tracking during treatment
	Deformation or Artifact?
	Could this artifact ever happen on a real patient?
	Renal Case Study: 80% phase.  A fiducial is >2x known length
	Renal Case Study: 90% phase. Is one fiducial a double?
	Renal Case Study: 0% phase.  No, it was just 4DCT artifact!
	This 4DCT is not Submillimeter End to End!
	Synchrony® is designed to solve these problems
	Slide Number 36
	First watch the patient’s breathing to determine Normal Inhale and Normal Exhale positions
	Normal Exhale:�Practice with the patient several times before the scan
	Normal Inhale:�Practice with the patient several times before the scan
	For slow CT scanners, the breath hold only needs to be near the tumor
	Compare fiducial locations in each breath hold scan
	Normal Exhale and Normal Inhale matched within 1mm
	It is very important to follow Accuray recommendations!
	A typical Linac beam profile explains a lot: �   Linac 80/20 Penumbra: 5mm => 4x dose
	A typical Linac beam profile explains a lot: �   Linac 60/40 Penumbra: 1.5mm => 1.5x dose
	A reviewer said: but that’s just from a single beam!
	Spinal cord example, 1.5mm could correspond to 50% higher dose
	What if tracking was not submillimeter end-to-end?
	Many more factors affecting outcomes
	Factors Affecting Outcomes�Best Subset: The most benefit within feasible efficiency
	We can save data from our own patients on NCI sponsored studies
	Conclusions
	Slide Number 53
	This is not the end – just the beginning!��  If you treat patients you have data – let’s analyze and publish it together!

