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Patient may change during the treatment course
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At what point should we adapt

 What is understood as “adaptation”?

 When should the treatment be "replaned”?
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At what point should we adapt

* What is understood as “adaptation”?

* Any change made during the delivery so that the patient conforms to our patient model used for
treatment planning.

* Can it be adapting the position, can be adapting to motion (breath hold/gatting)
* When should the treatment be “replaned”?

* When the differences cannot be compenasted by repositionning/table shifts and rotations,
motion control strategies

 When the immobilisation devices do not fit to the patient and lose their purpose

* When the there can be “relevant” differences in the resulting dose distribution
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Some points to consider

* Imaging can be used for real time treatment monitoring:
* Patient position and tumor/organ motion.

* Adaptive radiotherapy: Adapting to tumor size and position.
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Advances in dose delivery need more accurate patient
positioning and monitoring

CRT

IMRT

SBRT/PBT

Adaptive RT

Imaging with motion
management systems

U

e N N N
Imaging with Abdominal i Real time
motion compression Breatls liokd Gating tracking
Forced DIBH
Fluoroscopy shallow Phase or External or
breathing amplitude internal
ABC based markers
Compression Patient
4bCT belt/plate controlled
Spirometry External or CyberKnife™
Breath hold Stereotactic B |ntelr(nal oF dlgdlcated
cT body frame udiovisual markers inac
feedback
5 . P,

Beaton, L., Bandula, S., Gaze, M.N. et al. How rapid advances in imaging are defining the
future of precision radiation oncology. Br J Cancer 120, 779—-790 (2019).




We are already adapting to changes with
IGRT

Different approaches to on-line adaptation Dose distribution
invariant when we
Contours Plan Adaptation Personnel ada pt tO pOSitiOﬂ
ATP: “Adapt to Position” O ' ) and rotations
(virtual) couch shift "
Rigid translations Virtual couch shift RTT
ATR: “Adapt to Rotation” O . @ Static dose cloud
Shift and rotate targets rigidly and-replan o) approximation
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We are already adapting to changes with

IGRT

Different approaches to on-line adaptation

ATP: “Adapt to Position”

(virtual) couch shift

ATR: “Adapt to Rotation”

Shift and rotate targets rigidly and replan
no re-contouring

ATS: “Adapt to Shape”
Full adaptation

Contours Plan Adaptation

m (J

Rigid translations Virtual couch shift

m J

Rigid translations
+rotations

ATS

Re-delineation by RO Full Replan

Personnel

RTT
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RTT, MP

79

s © [
RTT, MP, RO

El
NETHEgLAréDsE%

ANCER 77
iNsTTUTE L[5~

R et |

But we know that
the dose
distribution
changesv...

Static dose cloud
approximation
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Adapt each fraction to the changing shape of the tumor

Pre-treatment Imaging Target contouring Treatment Planning

Epid dosimetry

From Uulke van der Heide EMA 2024
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How can we know that the difference is significant?

Available data

Aug 17 Sep 06 Sep 13
2011 pA 2011
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How can we know that the difference is significant?
Syntetic CT from CBCT

Reg Reg Reg Reg Reg Reg
object object object object object object

5

201109

all _SUL1U all _LULI0S all _JU1108 alll _SOL108 aCl_ 20202 3Gl _ Q01100
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How can we know that the difference is significant?

Deformable registration + structure set in the CBCT

Reg Reg Reg Reg Reg Reg
object object object object object object
: — RT ' — ||  7 RT ; b— RT : e VD -‘7 RT

(")) STRUCT ™) ) STRUCT 7)) STRUCT (")) STRUCT 7)) STRUCT ™)/ STRUCT
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How can we know that the difference is significant?

Dose recalculation (original RT plan)
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How can we know that the difference is significant?

Comparison of actual delivered dose with the planned dose

riginal SIM

RTDOSE SUBTRACT_Original
DICOM {

|
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RTDOSE SUBTRACT_Orig
DICOM
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Sagittal slice: 299
. Coronal slice: 320
N Axial slice: 46

N Sagittal slice: 299
Coronal slice: 320
Axial slice: 46

Discussion with RO



Workflow

Automation .




In vivo dosimetry as a suport tool

for adaptive RT
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Sant Pau Hospital
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4 linacs

® sanTrPAU
‘0‘ Campus Salut
S Barcelona

3 x Truebeam

1 x Clinac 2100

iVD for every patient: 1800

patients/year
TPS: 10S:
Eclipse ARIA

Secondary calculation and transit In-Vivo
dosimetry:
PerFraction (Sun Nuclear)

Hospital de
la Santa Creu i
Sant Pau



Transit in-Vivo Dosimetry:

Clinical Use
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Patient-specific quality assurance

Conclusion

Real-time monltorl ng of patient surface dbgam contr rol 8uring the whole
f hgh o dosimetry gamma t obtained u: gSGRT This hghlght

Treatment Planlng

Linac
System
Secondary Plan checked Pre-treatment
Plan TPS ghd calculation Constrains

verification

Dose Data :
Linac performance

distribution transfering

In-Vivo
Dosimetry (iVD)
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IVD experience at Sant Pau Hospital

In-Vivo
Dosimetry Clinical use of Use of
with diodes \/ 3DCRT, IMRT, Transit iVD database
1997 3¢ Electrons 2019 2021
Il1] |
3DCRT (homogeneous
fluence at beam entrance) 2017 2020
X IMRT SunCHECK Analysis of results
These readings confirm point doses installation and tolerances
— adjustment

Secondary dose

distribution calculation%

clinical use /N

(
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Patient platform

#A0Wox v D TR

B Upload to Queue & New Patient 0

atient Name or IC €© PlanStatus~v Phase~ Treatment Site ¥ Machine v  Event Status ~ Date Range ~

Patient List © Clear Filters and Sort
NAME ~ 1D PLAN PRE-TREATMENT QA IN-VIVO MONITORING RECENT ACTIVITY
1PROST-V ] ® 19 @ 9 & 24JUL 2020
Exporting 2MAMAE-BH ] @ s @ 17AG. 2020
treatment plans
from TPs 1MAMAE-BH ] @ 15 & 10AG. 2020
2MAMAE-BH ] ® 4 & 28 SET 2020

Plan checked Script developed in Eclipse

MM Constrains §
Plan TPS Data Direct comparison with the dose constraints in the prescription

transfering Checks main treatment parametres
Access during optimisation/evaluation by all personnel
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Patient-specific quality assurance

@ First level: ® Second level: ® Third level:
FO: pre-treatment verification Fn: online verification Fn: in-Vivo verification (iVD)
— EPID based image — log-files based calculation — EPID transit image

Convert log files Q;

1o MLC field files

I
|
MLC field file converter
(In-house program) FO RWARD
* Import MLC field files
.- .‘;' | u
b5

APPROACH

I I— — —
,
‘ | : Y ‘E
4
Predicted EP image Mesured EP image DVH Ge;;n;a..in;e:. m
Calculation/prediction measurement
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PerFRACTION™ platform

Log-File

Automated Data Capture

Automated
Processing

* In-Vivo Monitoring

Flexible Analysis Options

* Point, 2D and 3D Analysis

* Absolute and Relative Dose

* EPID and Log-File Calculations

* CT and CBCT Dose Reconstruction

Automated Results
and Alerts

IN-VIVO MONITORING

® 19 @O o

Xl . 7R

Fraction 2

Files ’rocessed (3/4 Received)
EPID |Log RT Tx Record CBCT

Image Source
PlanCT

3D Calc Mode
Log

Beam Model Date
30 SEP. 2016

-

19 MAY 2020 4:41

Q Points

Q Beams (2D)

Q Targets
& oxrs

Q Overall Gamma

—_
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Workflow

N

Treatment plan
exporting from
TPS

N
/L

Action levels
template
assigning

Patient

N

Predicted image
calculation at

N

Automatic
retrieve of the
EPID integrated

\ Automatic
calculation of

the EPID level / . / Gamma analysis
Image
———)
y
’
Calculation/prediction measurement
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EPID-based transit IVD

Limitations of EPID-based transit iVD:

 Large fields
(size of EPID)

e Lateral fields
(collision risk)

* Fields with couch rotation

(collision risk)

4 1Abdom-V
SETUP 270
SETUP 0
CBCT

181-179-0

X cscT

¥ 1-181-179-0

000000000 YEREWeE
R o i

pAF i i
=% [ I I

6X 100 0.0 0.0

‘ 795.2 | 181.0..179.0 Sentido...

Parametros de campo

ID del plan 1Prost-V

ID campo  1-181-179-0 ombre del campo 1-181-179-0

Maquina | TrueBeam3

¥ |T. Tolerancias | T2 v |

SSD calculada 895 cm
SSD planificada 895 cm
CouchVrit|  10.50 [em

Couch Lng ‘ +151.84 ’cm
CouchLat| 99861 |cm

Couch Rtn 00 °

Orientacién HFS
Tiempo 1.67 min

Usar gating [_]

Vrt delta cm Imager Vrt i 50.0 | cm

Lng delta cm Imager Lng ’ 0.0 | cm
Lat delta cm Imager Lat] 0.0 | cm

checking the field size to avoid irradiating EPID electronics!!



Analysis

¥ Point Dose

Analysis 1D RT TX record ,

v Points logfiles in all 20
sessions

Abs. Dose Difference (cGy)

Enable Search Radius,
using Distance (mm) From
General

¥ 2D Analysis

Uses General Settings

Analysis 2D EPID

+ Beams (2D) ’_ntegrated templates S
images Difference (%) Distance (mm) it
Predicted Dose
5 5 Fraction 2 (17 FEBR. 2021 1:27 )
Fraction 12 (03 MARC 2021 11:05)
Threshold (%) Passing (%) Fraction 17 (10 MARQ 2021 11:20)
) ) Fraction 19 (12 MARC 2021 10:57 )
30 95
Analsis 3D RT TX Normalization Image Source
Gamma Structure Tolerances D90%
record Local v i Calculated On _
analysis . Targets  Diff (%) ?
v Targets v OARS Logfiles CBCT (17 FEBR. 2021 12:49 ) ~
Pian CT OARs  Diff (%) 5

CBCT

CBCT (17 FEBR. 2021 12:49)
““ when calculating on CBCT

Expanded Distance (cm)
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2D analysis: transit IVD

2D image analysis: integrated image
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v Beams (2D)

Delivered image:
Integrated image
per beam

© 21791810

025
020
AL
2
¢ 010
0,08
0,00

Comparison:

Gamma analysis (user-predefined and automatic calculation)

Delivered

9047 % 106620

Deivered @D

A
¢ i 018 o
950 3

Expected

Expected image:
- Relative: 1°t fraction EPID

image

- Absolute: predicted dose
by the platform using RT
plan and CT simulation

Predicted Dose
* 2 Reser Fraction 2 (17 FEBR. 2021 1:27 )
Fraction 12 (03 MARC 2021 11:05)
Profile X Fraction 17 (10 MARC 2021 11:20 )
025 Fraction 19 (12 MARC 2021 10:57 )

A . O
' A [ l \ ™\ 100 §
S 010 \ 0 3
0,08 A AN ‘ I ‘L,,l‘ “‘
opp ==~ W I ; 000
) p

154

Dvstance

Ganma @D  Exqectes @0



2D analysis: transit IVD

2D image analysis: integrated image

v Beams (2D)

o 2-178-181-0 BMV 9047 % 105620 0 10068

Gamma analysis

' o ; s
P S s Difference (%) Distance (mm)
180
= 5 5
140
120
100 Threshold (%) Passing (%)
L
&0
- 30 95
o
0
2 Normalization
-40
60 B
- Local v | editable templates
100
12
-140-
-180-
-180-
-1890:170-150-130-110-90 -70 -50 -30 -10 10 30 SO 70 90 110 umsonnmmlm.1'ra'i'sch'xt'.l:d.slo..;n..s'n‘.:‘nl.:o 1::‘J’oIs‘o'7;3.s'n.':0'1'10‘1;0'1;0'19'049017&15)1nm)m -70 -50 -30 90110 30 SO 70 S0 110 130150 170 180

e : o Template Localitzacions Criteris gamma DIV
Profile Y Profile X
. 0,
Y Abdomen and Thorax e e

Tolerancia 95%

) q 100 020 /\'{\ l

“ | : N : : , : " ‘|l‘ \‘u/ 7 ::

B =L e S |l : Local 3%,3mm  Th: 30%
O SR T Vo H&N and brain s

Tolerancia 95%

154

Deivered @D  Ganma @D Expectes @

s PR Local 5%,7mm  Th: 30%
Breast, extremities, palliatives ; °
Tolerancia 90%




3D analysis

Image Source

CBCT (17 FEBR. 2021 12:49 ) ~
Plan CT

Images

Gamma

Planned
CTV_5280 O c1vse0 CTV_6996
LoseiOpacty 86,56 % Gamma 99,90 % Gamma 99,91 % Gamma
¢t Q ¢
Mean 1,91 1,87 -1,82 Mean 2,04 2,01 -1,27 Mean 213 2,11 -1,12
Profile Tool < = =
D95 1,60 1,51 -5,55 D95 1,80 1,77 -1,61 D95 2,08 2,06 -1,00
Dose Scale
- =271
2,46
299 - b 1 | 115.59 mm - - " "
197 BN\ ‘ " . | WIL: 400/40 - 57 i .
173 Bladder 016Gy 277Gy 151Gy
1,49 80DY 000Gy 277Gy 013Gy
1,24 2 o " <
o CTvp_5600 190Gy 256Gy 216Gy 8
0,76 CTVp_7000 227Gy 258Gy 246Gy é
0,51 Femur_L 003Gy 114Gy 045Gy é
mm 027 o ? 4 K
Femur_R 004Gy 115Gy 044Gy .
M PenileBulb 0,22 Gy 1,00 Gy 0,38 Gy
W Prostate 230Gy 256Gy 246Gy
W PTVp_5600 177Gy 2860y 215Gy
W PTVp_5600HDV 177Gy 237Gy 2,00 Gy iAbsoluteDose,(Gy)
/] W PTVo 7000 220 Gv 277 Gv 246 Gv
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In-Vivo and log-files based analysis

Analysis 2D

‘cip

measurement

Calculation/prediction

in-Vivo verifications

EPID images for detecting transit dose

v Treatment delivery as expected?

v Verification of patient position during
treatment

Actual dose deliveries * Record OMLC log files

. Convwvert log files
to MLC field files

MLC field file converter
(In—house program)

Import MLC field files

Gamma

Planned

Dose Opacity

o a4 .

Profile Tool

Dose Scale

267
243
m 219
1,95

Offline verifications

Logfiles + CBCT

v Evaluating the causes of the deviation

v Dosimetric impact assessing—
supporting replanning decision by RO
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Flag alerts assesing

o Out of tolerance

9047 % 105820 0 10089

Delivered Gamma Expected

153430-110.50 -70 -50 30 10110 2 % 70 %0 110 130150170150

Profile Y Profile X

N o
s — o finee
‘ 2\
\
‘ \

Deivered @ Ganma @D Expected @D

Gamma Histogram

EPID_Reasons for failure

Q Alert assessment

CBCT recalculation results

Patient position

Anatomical changes body co ' PASS
NO RESULTS

® FAIL

Anatomical changes internal
Intrafraction motion CBCT_Reasons for failure
Positioning devices

EPID adcquisition
Preditcted dose calculation
MLC motion/position

Beam stability

Patient position

Anatomical changes body contour

Anatomical changes internal structures/tumor
Intrafraction motion

Positioning devices

: d CBCT artifacts
Beam interrupte Preditcted dose calculation
Unknown Partial logs
Other No new information apart from logs

C—)) Actions to be taken —

EPID results External Data Base
* FAIL Sa:{mcap
PASS meAwA, e
NO RESULTS

Actions

Repetir 2D

Repetir CBCT

Fer CBCT

Perfraction diari

Valorar replanificaci6
Indicacions a maquina posicionament/preparacio
Observacio properes fraccions
tractament finalizat

Per comentar amb sunnuclear
Per comentar en reunio servei
N/A

Saved for training/session
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Results: failed fractions

© 10% of daily sessions flag alerts ~ BEZBREEELRBELENEE

By location

Counts/frequency: Generzal unespecified (3, 0.4%), Brain (34, 4.1%), Head and Neck (264, 32.0%), Esophagus (3,
0.49%), Lung (84, 10.2%), Breast (98, 11.9%), Mediastinum (15, 1.8%), Gastrointestinal (19, 2.3%), Abdomen (67, 8.1%),
Pelvis (81, 9.8%), Prostate (63, 7.6%), Genitourinary (4, 0.5%), GYN (0, 0.0%), Colorectal (2, 0.2%), Kidney (2, 0.2%),
Extremities (61, 7.4%), Bone (24, 2.9%)

Extremities

Prostate \ "
Pelvis 9.8%

Abdomen

H&N

Lung

Breast

By technique

Counts/frequency: 3DCRT (150, 18.2%), IMRT (173, 21.0%), VMAT (431, 52.3%), SBRT (59, 7.2%), SRS (11, 1.3%)

3DCRT

IMRT

VMAT

SBRT

SRS

By treatment unit

ounts/frequency: Clinac 2 (153, 18.6%), TB1 (128, 15.5%), TBO (322, 39.1%), TB3 (221, 26.8%)

Clinac 2 / Linacs With half Of the
workload
TB1
TBO
TB3
0 100 200 300 400
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Results: failed fractions EPID-based iVD analysis

© 0% of daily sessions flag alerts

By location

Counts/frequency: Generzal unespecified (3, 0.4%), Brain (34, 4.1%), Head and Neck (264, 32.0%), Esophagus (3,
0.49%), Lung (84, 10.2%), Breast (98, 11.9%), Mediastinum (15, 1.8%), Gastrointestinal (19, 2.3%), Abdomen (67, 8.1%),
Pelvis (81, 9.8%), Prostate (63, 7.6%), Genitourinary (4, 0.5%), GYN (0, 0.0%), Colorectal (2, 0.2%), Kidney (2, 0.2%),
Extremities (61, 7.4%), Bone (24, 2.9%)

Extremities
Prostate

\ ‘
_ H&N
Pelvis ¥

Abdomen

Lung

Breast

Cause of alerts

Counts/frequency: Patient position (297, 36.0%), Anatemical changes body contour (121, 14.7%), Anatomical
changes internal structures/tumor (97, 11.8%), Intrafracticn moticn (74, 9.0%), Positioning devices (26, 3.2%), EPID
adcquisition (71, 8.6%), Preditcted dose calculation (29, 3.5%), MLC motion/position (8, 1.1%), Beam stability (1,
0.19%), Beam interrupted (88, 10.7%), Unknown (137, 16.6%), Other (40, 4.8%)

Patient position

Anatomical cha...

Anatomical cha...

Intrafraction mo...

Positioning devi...

EPID adcquisition

Preditcted dose...

MLC motion/po...

Beam stability

Beam interrupted

Unknown

Other

0 75 150 225 300
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Results: failed fractions

O 0%o0f daily sessions flag alerts EPID-based IVD analysis

Patjent position
atomical changes body

atomicalaiianges internal
tryctures/tumaor

Intratraction motion
Counts/frequency: General unespecified (3, 0.4%), Brain (34, 4.1%), Head and Neck (264, 32.0%), Esophagus (3, s . .
0.4%), Lung (84, 10.2%), Breast (98, 11.9%), Mediastinum (15, 1.8%), Gastrointestinal (19, 2.3%), Abdomen (67, 8.19%), Posmonlng devices
Pelvis (81, 9.8%), Prostate (63, 7.6%), Genitourinary (4, 0.5%), GYN (0, 0.0%), Colerectal (2, 0.2%), Kidney (2, 0.2%), EPID adcqwsmon

ESpeIRes 6l 729 D 04, 2.09%) Preditcted dose calculation
Extremities 0% 5%

By location

Prostate

Actions
. H&N
Pelvis 9.8%

lear
ient unit for positioning

Abdomen ng
ily

Lung
Breast ¥ Download image ]

10%

Causes of alert

15%

20%

I

25%

30%

35%

0 20 40 60 80 100120140160



Clinical examples




Ex 1: Patient position

. CTV_5280 © | c1v 5940 @  cTv 6996 (v
Delivered Gamma analysis  Expected D | ocvi i 84190°%C Covri .
© 11811730 sMv 8327 % 89287 347 14588 METRIC TPS QA A% METRIC TPS QA A% METRIC TPS QA A%
Delivered Gamma Expected
Mean 1,91 1,87 -1,82 Mean 2,04 2,01 -1,27 Mean 213 2,11 -1,12
D95 1,60 1,51 -5,55 D95 1,80 1,77 -1,61 D95 2,08 2,06 -1,00
Nelivere -82.40 mm
0 Delivered WIL: 215/-216
Planned
@ 2-179-181-0 6MV 99,73 % 66.877 31 150 Dose Opacity
Delivered Gamma Expected
o QP
o Profile Tool
& Dose Scale
mm Cold
B Hot
i o 3-181-179-0 MV 90,77 % 73.094 942 5804 = - 7031 mm
= Delivered Gamma Expected g WIL: 215/-216
D
: .
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Ex 1: Patient position

Delivered

@ 11811790

MV

Delivered

MV

Delivered

MV

Delivered

Gamma analysis

8327 %

99.73%

90,77 %

89.287

Gamma

347

042

14.588

150

Expected

Expected

Expected

Expected

Passing %

100

g0

80

70

60

40

30

20

12 Oct
2021

14 Oct
2021

16 Oct
2021

18 Oct
2021

20 Oct
2021

22 Oct
2021

24 Oct
2021

26 Oct
2021

Shoulders position

28 Oct
2021

30 Oct
2021

1 Nov
2021

3 Nov
2021

5 Nov
2021

7 Nov
2021

100

90

80

60

40

30

20
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Ex 1: Patient position: change of practice

Patient long mask

Planning CT

Take out the mask

Place IV

Reposition patient
Mask

Contrast CT
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Ex 2: Patient anatomy

2D analysis trending

100 ® 9 o 100
()

80

60
X
a Off line adaptive
& 40 .

Replanning
20 20
0 0
-20 -20

10 Mar 12 Mar 14 Mar 16 Mar 18 Mar 20Mar 22 Mar 24 Mar 26 Mar 28Mar 30Mar 1Apr 3 Apr 5 Apr 7 Apr 9 Apr



Ex 3: Patient position

o 298 s MV 8352 % 67.806 11135 42

Delivered Expected

OIS o A T S R S ) o | LIS LN VL LI L
-180-170-150-130-110 -90 -70 -50 -30°-10 10 30 S0 70 90 110 130 150 170 190 .190-170-150-130-110 -80 -70 -50 -30°-10 10 30 50 70 90 110 130 150 170 190 -190-170-150-130-110 -80 -70 -50 -30°-10 10 30 S0 70 90 110 130 150 170 190

Arm position

@ Zoom _J + Pan < Reset
Points Standard Deviation 087 X
Gamma NA 0 1 B
o 126 &MV 8225% 73.455 13.036 3
Delivered Gamma

)
©
Q
=
[
(7]
&)
3
c
[
]
L.
)
©
S
o
@
=]
e =

| LI I TS oL S U S |
-190-170-150-130-110 -90 -70 -50 -30 -10 10 30 S0 70 90 110 130 150 170 190 .190-170-150-130-110 -90 -70 -50 -30 -10 10 30 50

I
70 90 110 130 150 170 190 -180 150-130-110 -80 -70 -50 -30 -10 10 30 50 70 90 110 130 150 170 190
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Ex 3: Patient position change of practice

On line adaptive ??

IMPLEMENTATION OF IGRT

36 patients in a linac 36 patients in a linac 2D transit IVD

ithout SGRT t i
without (WO) SGRT system with (W) SGRT system 5%, 7mm ® 5%, Smm ® 3%, 3mm

= m

Real-time monitoring of patient surface and beam control during the whole treatment session accounts
Laser and tattoo fliigheniavito dosimetry gamma rates othhwiMﬁ SGRDIMhIshighlights an increase in treatment

@ Positioning
I ccccccc y.

: . i +
@ IGRT protocol Visual: CCTV Optical sensors + beam control

. Tolerance
I beam control
= Brest in FB

5mm, 32

Gamma passing rate (%)

EPID-based iVD

EPID images analysed
automatically using local

gamma criteria

W SGRT WO SGRT

Conclusion

Real-time monitoring of patient surface and beam control during the whole treatment session
accounts for higher in-vivo dosimetry gamma rates obtained using SGRT. This highlights an
increase in treatment accuracy.




Ex 4: Intrafraction motion

IGRT image shows good agreement with
CT simulation

Dose Opacity

.,

& Q +

Profile Tool

Dose Scale
Hm Cold
| Hot

GPR =52%

o

)
20

GPR =46%

iIVD shows poorer and poorer agreement
within the session

MV

84,15% 320318 6516 44249

Delivered Gamma

Expected
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~190170150130110-90-70-50-30-10'10 30 50 70 90 110130150170190.190170150130110-90-70-50-30-10'10 30 50 70 90 110130150170190.190170150130110-80-70-50-30-10/10 30 50 70 90 1101301501710

Q s MV 52.85% 370745 151.121 23693
Delivered Gamma Expected
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-190170150130110-90-70-50-30-10'10 30 50 70 90 110130150170180-190170150130110-90-70-50-30-10'10 30 50 70 90

g
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Delivered Gamma Expected
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Ex 5: Respiratory movement

Fraction 1

Beams (2D)

BEAM NAME

© 21791310

© 11311790

Targets
CTV_5040
61,59 % Gamma
METRIC  TPS
Mean 1,98
- D95 1,95
_-'U
Gl
.~ OARs
/‘:j
3 spinalCord
- 100,00 % Gamma
) METRIC TPS
A Max 0.60
»
L=

Approve

ENERGY
6 MV
6 MV
@  cTv_ 4500
71,31 % Gamma
QA A METRIC TPS QA
2,07 447 | | Mean 1,94 2,01
195 -010 | D95 179 1,78
@ Lungs
99,23 % Gamma
QA A% METRIC TPS QA
059 -148 | Max 2,06 2,24

3,33
-0,50

intrafraction motion: breath motion

PERCENT

89,09 %
87.47 %

CTVp_4500

70,67 % Gamma

METRIC TPS QA

Mean 1,94 2,00

D95 1,78 1,77

Liver

99,89 % Gamma

METRIC TPS QA

Max 1,98 2,08

@ 1-181-179-0 sMV

Delivered

POINTS FAILEDHIGH  FAILED L
68.082 7.428 :Z
40
20
61.325 7.102 0
@ | cTvn_4500 @ F
67,25 % Gamma 6
Points Average
A% METRIC TPS QA A% §| 2inie Sieudan Deviation
350 | | Mean 198 2,06 412 | | Mean 1,98 2,06
0,55 | | D95 194 1,94 000 | D95 1,92 1,92

4,18
-0,05

87.47%

R AR RRE!
1480-170-150-130-110 -90 70 50 30 10 110 30 50 70 90 110 130 150 170 130 1190-170-150-130-110 90 70 50 -30 -10

043
049

Mean
D95

61.325 7.102 584

Gamma

Expected

< Reset

I

@ Zoom
1,90 1,9 3,09
176 1,75 -0,28

033 033

1 B

Gamma NATD
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Ex 5: Respiratory movement

Fraction 8

Approve

respiratory motion. Demanat repetir en expiracio forcada

Action : plan with breath

@ 1811730 (177 6870% 63694 19.939 0

Gamma Expected

Beams (2D)
BEAM NAME ENERGY PERCENT POINTS FAILED HIGH FAILED LOW
- <D
< -
© 11811790 6 MV 68,70 % 63.694 19.939 0 27>
o~
© 21791810 6 MV 71,90 % 69.161 19.436 0
a - R
o=
190-170.150-130-110 80 70 50 30 10 110 30 50 70 S0 110 130 150 170 130 25EHESESD1ONS0IFOI5EHS011090.70.80-3040 10 30 50 70 8011080t TNSH @ @RT 90 70 50 30 10110 30 50 70 90 110 130 150 170 190
Q Zoom + Pal £ Reset
e i i °*“’*°‘“"’°‘:e‘°”_
amunal B
Targets
CTV_5040 O | | cTv_4s00 CTVp_4500 O | | cTvn_as00 O | p1v 5040 PTV_4500
19,50 % Gamma 35,97 % Gamma 32,93 % Gamma 34,96 % Gamma 28,61 % Gamma 45,74 % Gamma
METRIC  TPS QA A% | | METRIC  TPS QA METRIC  TPS QA A% | | METRIC  TPs QA A% | | METRIC  TPS QA A% | | METRIC TPS QA A%
Mean 198 2,26 1317 | | Mean 1,94 2,16 Mean 194 216 11,74 | | Mean 198 219 10,26 | | Mean 198 2,21 11,85 | | Mean 1,90 2,08 948
D95 195 2,01 312 | | D95 1,79 1,84 D95 178 1,83 263 | | D95 194 1,94 015 | | D95 192 1,9 191 | | D95 176 1,79 170
OARs
Lungs (1) Liver Heart (1] SpinalCord (V] Kidney R Kidney L
98,42 % Gamma 79,60 % Gamma 90,16 % Gamma 100,00 % Gamma 100,00 % Gamma
METRIC  TPS QA A% | | METRIC  TPS QA METRIC  TPS QA A% | | METRIC TPS QA A% | | METRIC TPS QA A% | | METRIC TPS QA A%
Max 206 2,36 14,56 | | Max 1,98 2,35 Max 204 2,38 16,99 | | Max 060 0,60 -0,16 | | Max 036 0,38 -386 | | Max 142 1,42 007
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Ex 5: Respiratory movement

Following fractions...

Beams (2D)

BEAM NAME
© 11811790

@& 2-179-181-0

Targets
CTV_5040
99,06 % Gamma
METRIC TPS QA
Mean 1,98 2,02
D95 195 1,96
OARs
BODY
99,80 % Gamma
METRIC TPS QA
Mean 0,28 0,28
Max 2,07 2,10

A%

1,60
0,30

0,35
1,15

ENERGY

6 MV

6 MV

CTV_4500

99,43 % Gamma

METRIC TPS QA

Mean 1,94 1,97

D95 1,79 1,79
SpinalCord
100,00 % Gamma
METRIC TPS QA
Mean 0,37 0,37
Max 0,60 0,60

— Expiracion

05

39

M« > M W @ 00:34.27 [miniseg.cs]

Velocidad: 1x

@ 11811790 A swmv 9465% 61.088

=

E

Delivered

PERCENT POINTS
94,65 % 61.088
97,76 % 67.612
@  cTvp_ 4500 @
99,42 % Gamma
A% | | METRIC TPS QA A%
1,18 | | Mean 1,94 1,96 133
0,16 | | D95 1,78 1,78 0,11
Lungs
99,63 % Gamma
A% | | METRIC TPS QA A%
0,52 | | Mean 0,47 0,47 0,00
0,65 | | Max 206 2,05 -067

2650

Expected

FAILEDHIGH  FAILED LOW
> (1 el
2,650 612 1 .
é}a .
e 5.
1515 0 ¢ a
= 14
(=== y
.,jr/A
@ Zoom + < Reset
D s oo s [ 0 soue cosecy) [T
Gamma NA O 1 >1
CTVn_4500 (V]
98,92 % Gamma
METRIC TPS QA A%
Mean 1,98 2,00 1,10
D95 194 1,93  -0,56
Liver
99,94 % Gamma
METRIC TPS QA A%
Mean 047 0,48 104
Max 198 2,06 3,37




: Patient anatomy

Beams (2D)

ENT NTS FAILED HIGH A ow

29361 1% 6,219

Gamma

Delivered

$1D:160 cm

H

120
140
130-
190-170-150-130-110 -9¢ -70 -50 -30 5 50 170 130-190-170-150-130-110 -90 -70 -5 -3¢ 10" 70 30 S0 7¢ 90 50-130-110 -90 70 9) 110 130 150 170 190
@ Zoorm
Yoints Standard Deviation 0.04 v
Jemma WAL 1 »1

& 0570172021

3 xveBcT 04201
vl
v [RJ Escapula izquerda : R

4 1Torax

#100%

Hontal - U5/01/2021 - KVCBCI_U4aul - 14-Jan-21 U/:20

R (En vivo)

v W SETUP

SB comin ANOS En i v




Conclusions

)
©
Q
=
[
(7]
&)
3
c
[
]
L.
)
©
S
o
@
=]
e =

L1\
/ N
LA w1

3>
=



N
/%: Hospital de la Santa Creu i Sant Pau

Take-home messages

We have the data to assess whether a patient would benefit from replanning/adapting

BUT, the information has to be processed to be appropiate for those assessments (deformable registration / structure
deformation/ syntetic CT generator/ Dose calculation/ Dose accumulation)

Automation is needed to be able to detect patients that would benefit from replanning/adapting.
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Take-home messages

In vivo dosimetry allows to flag treatments that could benefit from an adaptive strategy without adding any
extra-dose due to CBCT

Our in vivo procedures are a safety network as we detect patient variations before the RO goes through off line
review.

Experience with EPID-based in vivo verification of advanced treatments shows that medical physicists are much more
involved in assuring the quality of the actual patient treatment than when only performing a pre-treatment dose
verification measurement

In Memoria to Ben Mijnheer

He had a pivotal role in medical physics in Europe and a true pioneer in in vivo dosimetry and EPID-based IVD in particular




