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Radiotherapy Technology and Services at CMC

A Linear Accelerator (Varialinac2100C/D, TrueBearBTx (2)
A OneTruebeanwith BrainlabEXACTRAC and SGRT)

A Tomotherapy

A Telecobalt (Equinox 80)

A HDR brachytherapy (Elektaexitron)

A CT Simulator (SiemenSomatom GE Discovery)
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AAPM TG147

ASteep dose gradiengshieved by IMRT techniques (e.g. SBRT)

AlncreasingCTV to PTV marginto account for internal motion increases

undesirable irradiation of normal tissue.

Alnter-fraction variationsincluding weight loss, orgafilling etc. requires

verification. (SGRT Is aon-radiographialternative)

Alntra-fraction variationsand movements must be followeshl time



Non-Radiographic Localisation Techniques

U Marker 1 based
APassively track a reflective marker with an imaging system operating in the

Infrared spectrum
AActively track a radiofrequency(RF) beacon using a set of RF receivers

U Surfacetl based

A Mapping of many arbitrary points on the patient while simultaneously tracking their
position over time

A These points comprise a 3D surface and can be considered an extension of a
markeri based approach



SGRT IN CMC

February 202®IBH Breast Patients

APRIL 2024Pelvis Malignancies

MAY 2024 Head an

Neck Open Face Mask
JULY 2024cChin Strap for WBRT

600+ patients treated with
SGRT



Motion Management beforeVisionRT

Respiratory Gating technology was implemented in both the Campus
with help of Varian RPM and RGSC systems

U IR tracking camera and reflective marker environment

U DIBH (Carcinoma Breast, HCC Liver )

U 4DCT-based MIP with backup gating (Carcmoma Lung

Mediastinal lymphoma, Thymoma)

R
3 days of breathing training 1{’4

Visual Coaching




VisionRT (Since Feb 2023)

SIMRT (planning and Simulation for DIBH)

Selection Criteria fobIBH

A Co-morbidities

A General fitness of the patient

U Must be able to hold the breath for at leastA®bseconds)

U Reproducibility of the breathing pattern



Vision RT

Sim RT (planning and Simulation for DIBH) "8

C Patient education and positioning
Breast Board

C CT Acquisition
U Free breath (FB)
u DIBH

C CT Analysis

U Position of the heart will be compared



Align RT

Patient Setup and Treatment
C Import DICOM
U Approved plan, 2 CTs and Structure sets
U FB CT Reference (For positioning)
U DIBH CT Reference (For treatment)

C Finetune the patient setup wiBostural Video




Al 1 gn RTEé

AOrthogonal kV imaging to be performed and shift applied
ARecapture reference surface within same DIBH

A Threshold for Acceptability

V 3mm is our tolerance

ADeliver treatment with DIBH

V Realtime surface monitoring b&lignRT



Postural Video

( Helps to setup the patient with a Mdingle reatime view

C Helps overcome the limitation of FOV of OBI for large targets

C Patient setup error is observed to have reducedfias
VRTem  0.07

C Overall setup time is also reduced INGen 021
[ATemn 0,12

MAGe  0.25

YAW®  -15
ROLL® 0.0
2.1




SGRT In Pelvic Targets

The pelvis is a complex region containing several important organs

such as the bladder, rectum, and reproductive organs.

Tattoo-less patient set up

A Position the patient on the planned immobilization(knee supptsdd
A Align the patient with sagittal laser on couch
A Switch on SGRT cameras

A Move couch till all 6D values come within threshold limits

A Move the patient if needed to achieve alignmétagtural videp




Why SGRT for Pelvic targets?

ATracking Patient Movement- Pelvic cancer patients can experience
motion due to changes in the bladder, bowel, or even slight body

movements.

Almproved Comfort and less invasive techniguesTraditional
iImmobilisation techniques such as a rigididsor devices, can be

uncomfortable for the patient and potentially cause anxiety.



Multi T Angle Red- time view

V Thoughinternal organ motion(e.g bladder or rectum filling) still requires IGRT,

SGRT helps deteetxternal motion (e.g pelvic tilt, breathing related shifts).



Optimising Patient Experience in head\eck radiotherapy




Reasons for adopting SGRT in Head and Neck

APatient Positioning:

V Traditionally, patient positioning adjustments have been made by
aligning surface marks on thermoplastic masks.

V Neck area can be monitored for swallowing, without relying on patients
to doit.
APatient Experience:

V Head and Neck patients consider masks to be both helpful and a source
of stress.

V Approaches to assist patients experiencing claustrophobia.
ALimitations in Intra - fraction, monitoring:

V Routine daily CBCT is not needed.



Time of Simulation

V Cut the mask in the facial region and laterally up taagus region.

V Inspect the cut edgesor sharpness. If any are found ,apply micropore tape to prevent injury.



Treatment workflow

A Patient lies orCouch,restin headi cup sponge

$ STORTP 1501 Qoscnnoov
VRTen  0.02 " -

A RTTs set couch coordinates

INGem  0.02
AT -0.04

A Turn onAlignRT

MAGen  0.05

A Move patient head/shoulders into position with deltas -

ROLL® 0.0

& postural video PITCH® 0.1

Dligaet Beam Contrel softiock was unbecked

A Put on mask

A Move head to Align rotational deltasi{ch,roll,rotatior

A Shift table to get translational deltas into tolerance(3mm/2deg)



Impact on Rotations

ACorrect rotations before imaging

ANeck Flexion and Shoulder position

AReduces the need for-setup




Impact on Time

AReduction in multiple resetups =
APatient in mask for lesser duration Nﬁg?&ﬁ

APotential for reduced imaging time YT(IIHE




CHIN STRAP FOR WBRT




Benefits to Patients

A Lowers patient anxiety helping them to focus on their rest and healing
A No visible marks for others to inquire about
A No constant reminder of hardship they are enduring

A Offers a worry free treatment. Patients can continue hobbies such as swimming and exercising

A Great option for patients who are allergic or sensitive to adhesive G\*’._.')
A No rescans or additional imaging due to lost marks @
PATIENT

A Lesser radiation imaging dose SATISFACTION




Staff Feedback

A Quality of the Patient set up
V Surface setup allows the RTTs to see the full body when positioning the patients

A Improved Work -flow

V Reducing setup time and enabling efficient patient positioning allows staff to focus on other aspects of patient ¢
(Average time for DIBH treatment with SGRT is around10mins)

A Confidence
V Gives more confidence that leads to enhanced patient care and overall job satisfaction among staff members

A Reduced Physical Strain
V Automated positioning and monitoring capabilities reduces the physical strain on staff

A Efficiency
V Reduces repeat imaging procedures, excess manoeuvring and skin manipulation
V Simplifies setup procedures



Other Benefits

Alnfection control
V No shared paint pens
V Eliminates damage to skin from sticker removal

ACosts
V Eliminates Purchase of Paint pens and stickers
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Pat i

ent soO

NThere are reminders of

momentds d prefer to forget

AMany patients report feeling uncomfortable or self consciol
about their appearance due to thied®os,whiclcan negatively
affect self esteem and lead to changes in clothing habits to hif

mar ks . 0O

IS they constantly bring back

memories of the treatment

and traumat.i per

le the

—
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/ﬁGetting tattooed

controlik now t heyore |just

scheme othings,butthey serve as a daily physical

emphasi zed

Wat | had stage 3 canced )




Challenges

A Patient
AUnusual anatomy or Obesity and skin condition
AClaustrophobia
ALanguage Barriers with patients

A Technical

ASoft interlocks necessitating restart of the system at times
Alntegration with other systems



Current Studies

A A prospective observational study assessing the accuracy of
SGRT versus tattooing in patient-sgt for radiation therapy in
pelvic malignancies

A Feasibility of open face mask real time monitoring for Head
and Neck radiotherapy patients

ATattooLess setup feasible for Breast and Abdomen treatment



Future?

AExpansion to more sites
A100% Open Faced

ATattoo, mask and mark free one day?




1G-IMRT

Thank You-BorYour Gracious
Attention!



"NOT TO BE SERVED BUT TO SERVE"

CMC Vellore motto means

Surface guided radiation therap

Dr Patricia Sebastian

Professor

Dept of Radiation Oncology
Christian Medical College, Vellore

Email: drpat@cmcvellore.ac.in



Position verification prior to RT

Position verification
IS a must for
precision radiation
treatments

nlmaging at the treatment machine IGRT

What iS the gOld n 2D- EPID/ On board imaging

n 3D- cone beam CT

standard? “nMRI on MR Linacs

n Respiratory programmed monitoring




Are avallab' 1S adequate
for pe- WO erification?



What do we not do routinely in position
verification?

Intrafraction monitoring



SGRT
U

Additional tool for position verification

-improves positional
accuracy

-Can give real time errors

-Both translational and
rotational errors (6D)

-Intrafraction monitoring
-Motion monitoring - DIBH
-Useful on days when we

OX

Four eyes principle
(Freislederer et al)

{Radiation
Oncology2020
(London,
England) 15}

pf UT WGWUT WUqWYHAL 131 2131 wl
(Al-Hallaq et al)

21% of these errors could have been
prevented with SGRT

{RadiotherOncol 2021;163: 229386}

Il YUK qUWRGE NI Wa6 IWGE qRIIUqUWGI RY I LW

to treatment



Can we write off Imaging for position
verification? bh X bhe¢ ! ¢ |

SGRT can helg
reduce the no.
of Imaging

gold standard

still s IGRT




OBI Shift

0.4 mm
0.35 5 Patients
15 Fraction for each
0.3 .
patient
0.25
0.2 m With video
m Without video
0.15 -
0.1 -
0.05 -
om




Arm position
S m Ireatment




Postural video

Beam Contral ¥ OFF




Deformation capture

5 2 i ‘ :7‘ i
) Reference €3 Treatment

21/06/2024 15:03:31

Surface Deformation

\\\ Couch 0.0° 8 Send to Couch

Current Position

Surface within tolerance:

Average displacement:

77%
0.0cm

Corrected Position

“ Surface within tolerance:

| Average displacement:

Tolerance Limits

92% |
0.0cm

Below-0.3cm Above +0.3 cm

Surface peformation Video

Beam Control (ON @

BEAM:

21/06/2024 15:08

21/06/2024 14:05:38

Surface Deformation

Current Position

Surface within tolerance: 97%

Average displacement: 0.0cm

Corrected Position
Surface within tolerance: 99%

Average displacement: 0.0cm |

Tolerance Limits

Below-0.2 Above +0.2cm
Eer e s




Comparison study DIBH: RPM Vs SGRT



CW vs Whole breast

N=12




Angle between chest wall & humerus




Angle between chest wall & humerus

Independent t test

Mean angle difference between DRR and first 3 days OBI p' O . 276

18
16
14
12
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N
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1 2 3 4 5 6 7 8 9

 RPM e SGRT

RPM: 10.1+ 3.6 SGRT: 8.4 3.9



Mean vertical shifts

Independent t test

Mean vertical shifts p' O . 9

=@—RPM =@=—SGRT

RPM: 0.48+ 0.36 SGRT: 0.4%0.20



Mean longitudinal shifts

Independent t test

Mean longitudinal shift p' O 68

—

1 2 3 4 7 8 9 10 11 12

-15

15

0.5

=@—RPM =@=—SGRT

RPM: 0.32:0.2 SGRT: 0.3&¢0.17



Mean lateral shifts

Mean lateral shifts
1.2

0.8
0.6
0.4

0.2

Independent t test

p-0.27

-0.2

-0.4

-0.6

-0.8

=@—RPM =@=—SGRT

RPM: 0.23:0.22

o
8/; 10 11 12

SGRT: 0.320.17



Mean time taken on OBI days

Mean time (in minutes) on OBI days

0 2 4 6 8 10

RPM: 6+ 1.5 " SeRT R SGRT: 4.%1.2

Independent t test

p-0.05

12

14



Mean timer Non OBI days

Mean time (in minutes) Non OBI days

u SGRT mRPM

RPM: 4.3+ 1

4

SGRT: 3.6 0.9

Independent t test

pP-0.67




C Aprospective observational study assessing th

accuracy of SGRT versus tattooing in patipnt set
for radiation therapy in pelvic malignancies

C Feasiblility of open face mask real time
monitoring for Head and Neck radiotherapy patie

C Aprospective observational study assessing th
accuracy of SGRT versus tattooing in patipnt set

for radiation therapy in left sided breast
radiotherapy in DIBH



Other advantages

Margin of threshold of breathhold ist 0.5 cm but its tighter in SGRE0.3
cm

If the patient lifts the back/ arches the back to match up with the breath
hold threshold instead of true breath hold, this can be detected on AlignR

as it gives the rotational error (pitch)

Patient comfort is enhanced (no marks on the body)
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Intrafraction monitoring of position possible with
AlignRT

Lesser use of OBI (lesser radiation exposure)

Gross errors can be picked up immediately (breathing/
swallowing /coughing) and the beam will be stopped



Challenges we face

A Not suitable for all patients (darker skin tone, body hair, large abdometight attenuating
surfaces)

A Phobia golored light)
A Influenced by ambient light (over illumination or uneven illumination in the treatment room)
A gel bolus is not been detected by the system efficiently

A Its matching external surface (does it always match with internal?2 )

A for superficial tumors (where surface deviations can act as a surrogate for tumor motion)
SGRT allows for a more accurate positioning compared to@oint-lasers

A Gating capabilities is not robust yet except for DIBH



OGcOdUdIUNIIY Ws JWneHIIB

Technical

n Soft interlocks necessitating restart of the system at times

n Gantry position (320 to 40°) interferes with data acquisitionT results in signal loss (CBCT
IS a challenge)

n More beamoffs in SGRT (does it increase the wear& tear of the machine and reduces its
longevity?)

Visual feedback for patients during DIBH is a small monitor and difficul

to understand for all patients compared to RPM visual monitor




Real time coach
patient monitor




To gotattooless

Open face mask

%
—

Future... [l reacerrvmaon
v/

To determine the dose using dose RT

A\ Map RTT helps have more freedom of beam
N angles



J 4

A SGRTr additional tool for position verification ~—r’
A Increases the accuracy of positioning
A Reduces the need for imaging

A Able to stop the beam automatically when
deviation is more than the set limits

A Intrafraction monitoring of all 6 directions on all
_, days possible

9 Y U H lj e * R Y L}Xrl:lonilBasive: no additional radiation exposure

A Reduces setup time

A Enhances patient comfort tattooless, open face
mask etc

A Dose RT and Map RT can improve RT planning and
dose distribution



Thank you for your
patient listening
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SGRTF CMC Experience ™™

DR S EBBENEZERSUMAN BABU
Associate Professor of Radiological Physics
Department of Radiation Oncology
Christian Medical College, Vellore, India




Basics of Surface Guided Radiation Therapy

ATherehasbeena substantiagrowthin the useof
optical camerasto determine patient external
positionbeforeandduringtreatment

AThe process of determining 3D information
from 2D imagesis known asphotogrammetry.

Aln this process,

- A pseuderandomlight patternis emittedonto [ A i, T
the patient,and B NG G SN S

- A cameranterpretsthe reflectionto gatherthe §
geometricatoordinate®f thesurface

APhotogrammetry is a tool that has been e S T~
employed Iin radiation therapy for the .. 38 & EWT
determinatiorof patientcontours Photogrammetry

Khan, F. M., & Gibbons, J. P. (2014).Khandés t he Physi cs.htp//ciRiadjp/reitd/BBA5y6307/B er apy



Basics of Surface Guided Radiation 1

ARecently, this method has been used to verify patient positioning - the systemis
calibratedto the | | n aoordigatesystemso that the patient surfacemodel can be
registeredo theexpectedeferencesurface

AThe expectedsurfaceis obtained either from a previous optical image or calculated
from the treatment-planning CT.

AThe camerasystemmay be calibratedby imaging a plate with fiducials or markers
positionedn aknownlocationin theroom

APhotogrammetry may be accomplished using two or more cameras
(stereophotogrammetry)

AlIn stereophotogrammetrigvo or moreimagesaretakenat differentpositionsto estimate
the 3-D coordinate®f theobject

VJ

Khan, F. M., & Gibbons, J. P. (201K.han6s t he Physi c http:dchnii.d&gpbhcidBBISH3073T her apy



Stereo-photogrammetry for the determination of patient
surface geometry

D. E. Velkley and G. D. Qliver, Jr.?

Mallinckrodt Institute of Radiology, St. Louis, Missouri 63110

and M. S. Hershey Medical Center, The Pennsylvania State University, Hershey, Pennsylvnia 17033
(Received 11 April 1977; accepted for publication 18 December 1978)

A stereo-photographic system has been developed with which surface contours of a human
subject may be obtained rapidly and objectively. Nonmetric cameras are used and the results
are obtained from direct measurements of the photographs. Software has been developed for
interpretation of the photographic data with the asistance of a small computer and desk- -top
digitizer such as those routinely used in radiotherapy treatment planning. With this system
the coordinates of a point on the subject may be determined with an accuracy of +1-2 mm.

N\X\ \\\‘\

F1G. 3. Sterco-pair ol photographs of subject’s head with the projected
pattern. A small piece of black tape has been added above each of three
fiducial points on cach side of the subject 1o make the points more recog-
nizable

F16. 2,

Photograph of subject in position to be photographed.



Basics of Surface Guided Radiation Therapy

A With knowledgeof the distancebetweerthe cameras

A the intersectionof the two lines of sight from eachcamera
to a commonpoint is usedto triangulatethe coordinatesof
the point

A The common points can be obtained from either
fiducialsor projectedight.

A Becausethe skin does not typically have enough
variationsto triangulatemanyindividual points
A a structuredight patternis projectedonto the skin to allow

the camerasthe ability to identify many common points
overthesurfaceareaof interest

.xa_iﬁ“

B

(x2.2:)

‘t‘ ;' Schematic diagram:
. ;- Sindicates the subject.
'1.‘ ! -C@&ndC" are the two camere
v - P is the pattern projector

!

(5.0, 2y
()

Khan, F. M., & Gibbons, J. P. (201K.han6s t he Physi c http:gcinii.d&gpbhcidBBLSHI073T her apy



Basics of Surface Guided REuesapyv

A Stereophotogrammetiig employedin the AlignRT system(VisionRT, London, UK). In
this system

A Threeimagingpodsaremountedon the ceiling out of the rangeof the gantryrotation

A Each pod containstwo chargecoupleddevice camerasand a speckledight projector
usedto obtainsurfacetopologyinformation

v ’\)Ll} Brust DIBH

VRTen 0,05
LATen  -0,07
INGen  -0,14

MAGm 0,17
YAW® 0,6
PITCH®  -0,1
ROLL®  -0,5

NS

- Q.

https://www.iof.fraunhofer.de/en/competences/ima Freislederer et al. Radiation Oncology (2020) 15:187
ging-sensing.html https://doi.org/10.1186/s13014-020-01629-w



Basics of Surface Guided Radiation Therapy

A After the patient is placed in the treatment position, a-imdared (IR) structured light
pattern is projected onto the patient surface, which the stereo cameras image to create a |
resolution3D map (~20, 000 points) of the patl e

A The obtainedsurfacemap is comparedwith a baselinereferencemap using a rigid-body
registrationprocess

A Phantomtestsof this systemhave demonstrate@n accuracyof betterthan0.5 mm in both
the surfacemodelitself andits positionalaccuracy

n  -0,05
20,07
o 014

m 0,17

0,6

PITCH® -0,1
ROLL® -0,5

https://www.iof.fraunhofer.de/en/competences Freislederer et al. Radiation Oncology (2020) 15:187
/imaging-sensing.html https://doi.org/10.1186/s13014-020-01629-w



Quality Assura®&eO Ehlbration check (Dai

teps —

Setup:
1. Align the Calibration Plate at isocentre (SSD 100cm)

Daily QA

2. Align it with the Light field cross-wire

3. Orient the plate correctly towards the Gantry (dots 1and 4
towards Gantry)

4, Ensure all the lights are ON replicating the lighting conditions
during Patient Treatment

o Daily QA Passed
{Max RMS]

5. Remove any items blocking the cameras

Calibration Check:
1. Open Align RT Application

2. Select the Daily QA module

3. After making sure setup is right click Start Daily QA
4. Ensure values are within a Tolerance level of 1mm

5. Click Done

Tolerance
0.6 mm is warning level

1mm indicates that re-calibration should be done

etup

ian ADI status is Healthy




Quality Assurad8eO Eurgalibration (Weekly)
Steps

1. Select System Calibration module in the Align RT platform

MV image acquistition

ohysicist
2. Initialize Plate Calibration to check calibration 5
Setup:

Set the Calibration Plate at SSO 100cm Re-Calibrate Camera
Align the Anterior and Lateral Lasers with the cross-wire
Cross vertty the alignment with Light Cross-wire

Make sure all the lights are ON as if during Patient Treatment

Gantry 0 Gantry 90 Gantry 180 Gantry 270

f Calibration check values are high, use advanced camera operations
10 mark the marker (1,2,3 4)on the calibration plate.

3.Initialize Cube Calibration

1. Position the Cube with laser intersections and cross verify with cross-
wire as shown in figure (Ensure Rails are at extreme ends)

2. Load the plan “Vision RT QA" in the treatment console

3. Acquire the MV images in all four Gantry angles

Export-> to "MV Images for calibration_Align RT" from Image Browser

(Make sure previous images are deleted before exporting)

5. Cut/Copy the Exported images from This PC->Network shared folder->
"MV Images for calibration_Align RT"

6. Paste in F drive folder named VRT under MV image folder ("VRT
(F:)/MV image”)

7. Make sure Gantry angle is 0" and Imaging arms are
retracted, Before Clicking Continue

8. Click continue on Vision RT System to check calibration

9. Click Re-Calibrate -> Continue

10. In the pop up window where it asks, “Would you like to
verify the camera update?”, click "No™

11. Repeat Plate Calibration Click Done

Optical Deltas Cube to MV Iso Offset Camera to MV Iso Offset
VRTmm 0.1 0.0 0.1
LNGrmm 0.0 02 0.1
LATmm 0.0 04 -0.3
YAW' 0.1 0.1 -0.2
Wisnca ROLL® 02 02
0.6 men s weming lovel PITCH® 0.0 0.0 0.1

1mm should be Re-calibration

alignrt

Setup | -'

VRT mm

Calibration

LAT mm

o cheeck

YAW °

Cube Caliby

ROLL®
PITCH®



RMS Deviation (mm)

QA ResudtRlate Calibration Check (Dally)

Align RT Plate Calibration Daily Variation Over a Year
| | | \

Most frequent deviation: 0.10 mm (140 times)

Upper Bound

0.7 — o) |

o
ey
\
e
o
\

o
o

o
IS

o
w

0.2

0.1

Lower Bound

0 - .
o | | | | |
Jan 2024 Apr 2024 Jul 2024 Oct 2024 Jan 2025 Apr 2025 Jul 2
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Deviation Value (mm)



Oftset (mm)

QA Resuit€ube Calibration (Weekly)

08— ——

Upper Bound (VERTICAL)

04—

02—

Variation betwen camera Isocenter to MV Isocenter Offset Over the Period

-0.8 —
Lower Bound (VERTICAL)

Jan 2024 Apr 2024

Jul 2024

Oct 2024
Date

Jan 2025

Apr 2025

Jul 2025

—6— VERTICAL

—8—LONGI
LAT

——YAW

—&—ROLL
PITCH

— — —-datat

— — —-data2




l-requency

QA Resuit€ube Calibration (Weekly)

Frequency of camera to MV Isocenter Offset (Vertical) Over the Period

4 I | | \

3.5 —

25—

N
|

1.5 —

-1 -0.8 0.6 -0.4 -0.2 0 0.2
Vertical Offset (mm)




Frequency

10

QA Resuit€ube Calibration (Weekly)

Frequency of camera to MV Isocenter Offset (Longitudinal) Over the Period

-0.1 0 0.1 0.2 0.3 04
Longitudinal Offset (mm)

0.5




Frequency

QA Resuit€ube Calibration (Weekly)

Frequency of camera to MV Isocenter Offset (Lateral) Over the Period
\

5]

Lateral Offset (mm)




QA Resuit€ube Calibration (Weekly)

Frequency of camera to MV Isocenter Offset (Roll) Over the Period

14

10 —

Frequency

-0.2 -0.15 -0.1 -0.05 0 0.1 0.15

Roll Offset (Degree)

0.2




QA Resuit€ube Calibration (Weekly)

Frequency of camera to MV Isocenter Offset (Pitch) Over the Period
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QA Resuit€ube Calibration (Weekly)

Frequency of camera to MV Isocenter Offset (Yaw) Over the Period
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Unexpected Challenges




