"The more distant we look into the past,
the farther we can see into the future.”

Winston Churchill
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The Therac 25...
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Therac 25

low current
electron beam
was scanned
across the field
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Electron Mode

high current
electron beam
was tracked
at the target
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X-Ray Mode

high current
electron beam
with no target
= 'lightning’

THE PROBLEM




Therac 25

An Investigation of the Therac-25 Accidents

Nancy Leveson, University of Washington
Clark S. Turner, University of California, Irvine

Reprinted with permission. JEEE Computer. Vol. 26, No_ 7. July 1993 pp. 18-41.



Therac 25

Therac 25
bv Adam Pettle

XX KK 357 - = rating details - 7 ratings - 1 review

Alan and Moira are young, and they are falling in love...in the corridors of
the Princess Margaret Hospital, where they are both undergoing cancer

treatment. Humorous and moving, "Therac 25" is a love story unlike any
other--a play you won't easily forget.

Paperback, 438 pa

Published September 16th 2000 by J. Gordon Shillingford Publishing

mor







COMPLETE

Online Quality Assurance Is a Missing piece to
Complete the QA process



And That's the essence behind....



Independent Online
Segment by segment

QM

Integral Quality Monitor

Beam Monitoring System
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Real Time Monitoring Methods
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Log File Analysis

/N

N

Detector Before Patient
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Offline QA = Online QA

eo

Good OldYahoo Messenger !




Design Consideration

To design a device that is as simple as possible without
compromising its functionality and Performance




|QM Features

o Spans the entire beam projection area
o 5% /Cm intrinsic Gradient

o Built-in 2 channel Electrometer

o 3-Axis MEMS Accelerometer

o Temperature and pressure sensors

o Wireless Bluetooth Communication

o Battery Management system
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Central Gradient Profile ( Normalized To Centre)
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Canteral None-Gradient Profile ( Normalized To Centre)
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IQM Intrinsic Sensitivity Map
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|QM Reference ( 1°t Measured Fraction)




|IOM Reference
(Pre-TX QA)




1OM Monitor (0.63) -- BETA: NOT FOR CLINICAL USE

Monitoring Mode:

Record (No Verification)

Monitoring Status:
Field recorded as a new reference

Field 1D: Linac:
[2 NA10

Patient |D: Mame:
[2015 John Smith

Date of Birth:
1958-Jul-12

Segment Expected
n/a
n/a
n‘a
n/a
n/a
nfa
n/a

n/a

Measured
18 605
13536

5838

8033
10 668
1477
13551
12635

Delta {abs) Delta (%)
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X1

Segment(s)

Gantry Angle

0.0 210
|

1CM Signal

Gantry Angle:
2100°

N

Collimator Angle:
00-°

Air Pressure:

764.50 mmHg

Segment(s)

Door:
‘I- Closed

I3M Detector:
Monitoring

o

Batteny: Blectrometer:
02:31 hours oK

Inclinometer:
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|QM Reference ( Calculated)
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|QM Reference ( Calculated — Measurement
Hybrid)
CIQI\/I =MU - AOF (X, y)- §Ifield -S(X,Y)
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Integrating IQM
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|IQM Integrated Linac

Treatnent Planning
System

|G Calc

Gk D atabase

O

Fecord and
YERy System
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i
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Linac Control
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Gantry
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| It
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System
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Current Clinical Work Flow

* CT sim, MR sim
PET, Immobilization system

Patient
Imaging

Target
Volume
Definition

« GTV, CTV, PTV

* Dose volume, and
optimization. Dicom file
generation

Inverse
Treatment
Planning

Record And
Verify
System

* Delivery QA and

Plan Quality | Dose accuracy
Assurance | PASS /
Dose
Delivery * Image matching and

setup error correction.



IQM Integrated Clinical Work Flow

|QM DATA BASE

* CT sim, MR sim
PET, Immobilization system

Patient
Imaging

N

Target Volume
Definition

e GTV,CTV, PTV

Export Dicom To DB

Import Dicom and Inverse Treatment Planning With
REF To App IQM Beam Model

* Dose volume, and optimization.
Dicom file generation

\ %

Patient and Plan info Re%"fc_'fend
I eri
|QM Monitor App Syston
(1 <
Plan Quality * Delivery QA and Dose
. o Assurance accuracy
Off-line Beam Monitoring
. 1 <
[ ] -, | .
- _ < On-line Beam Monitoring Dose « Image matching and setup error

Delivery correction.



Patient Imaging

Target Volume
Definition

No IQM involved



|IQOM Beam Model

Patient
Imaging

Target Volume
Definition

Inverse Treatment Planning
With IQM Beam Model



Patient
Imaging

IQM Beam Model ( Simplified)

Target Volume
Definition

Beam Attenuation: 5.5% (6 MV), 4.5% (18 MV)

A Surface Dose: Modest increase (negligible)
Effect on Beam Quality: Negligible Inverse Treatment Planning
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Patient
Imaging

Target Volume
Definition

Inverse Treatment Planning
With IQM Beam Model

Record And
Verify
System

Plan Quality
Assurance




IMRT SBRT beam monitoring

Patient
Imaging

Target Volume
Definition

Inverse Treatment Planning
With IQM Beam Model

Record And
Verify
System

Plan Quality
Assurance

Dose
Delivery



% DIFF

IMRT SBRT beam monitoring

1.0
0.8
0.6

0.4

0.2 A

0.0

-0.2 T
-0.4
-0.6
-0.8

-1.0

IMRT SBRT % Difference WRT Measured REF

(33 Segment)
Fraction 1 Fraction2 —Fraction3 —Fraction 4

- _ “ [\
A
VoA

-~
VAR ;/
0 5 10 15 20 25 30

Segment ID

35



IMRT SBRT beam monitoring

Total number of segments delivered : 132
Total number of segment out of 0.5 % tolerance: g
IQM Signals were within the tolerance 96.2 % of the times



Patient
Imaging

VMAT SBRT beam monitoring

Target Volume
Definition

Inverse Treatment Planning
With IQM Beam Model

Record And
Verify
System

Plan Quality
Assurance
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Dose
Delivery
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VMAT SBRT beam monitoring

Monitoring Mode: Monitoring Status: o
nfa System Ready
Field 1D: Linac: Patient 1D: Name: Date of Birth:
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VMAT SBRT beam monitoring

3 % - 3 point Running Average

Segment-by-Segment (Running Average) Gantry Angle
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VMAT SBRT

Segment-by-Segment (Running Average) Gantry Angle
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VMAT SBRT beam monitoring (p2 2mm Error)

Segment-by-Segment (Running Average) Gantry Angle
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VMAT SBRT beam monitoring ( P3 No error)

Segment-by-5Segment (Running Average) Gantry Angle
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VMAT SBRT beam monitoring ( P3 2mm Error)

Segment-by-5Segment (Running Average) Gantry Angle
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VMAT SBRT ArcCheck ( P3 2amm Error
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VMAT SBRT beam monitoring ( P4 No Error)

Segment-by-5egment (Running Average) Gantry Angle
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VMAT SBRT beam monitoring (P4 Energy Error)

Segment-by-Segment (Running Average) Gantry Angle
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VMAT SBRT

Pa SNC Patient

File Setup Tools Help
Sart || Stop Background:ﬁ Dose:|Ncne ﬂ |Caliblatlon §418310_6x_20150806_CFeor [ I:I| Patient PIan:|N0nE | W | B H ‘
5 5] 5] o (4] (4] U (5] o 5] U o a 5 o

ﬁ% 210 240~ 270 300- 330 Q 30 &0 Elv] 1207 150 oGy ﬁ% 210° 240° 2709 300° =30° 0° 0° §0° 90° 120° 150° ;3‘:’30
I i

Cax Offget: Ca Offget:

;0 wmm: 0

“rorn: 0 “mm: O

Editl Editl

Exit/Entr
A,

ArcCHECK

-30-27-24-21-18-15-12-8 -6 -3 0 3 6 9 12 1518 21 24 27 3D

E xit/E nitrs
WA

#Dift

[smptz04thomesl4\nanlingersy DocumentsharcCheck D ata\AS REF b |5 AreCHECK, -30-27-24-21-18-15-12-9 -6 -3 0 2 € 9 12 15 1B 21 24 27 30
Select  Mone | Doze ||:| Norml Zooml Profile [ Huler| Clear | |\\rmpstd\homesDMnonlinger\My DocumentsbarcCheck Dataha5- energy enor et | i)
Analpsis™ oGy
Compare 9 =30
2
[
THZ] 5 3 e
o fzo0 | e R . ..................................................
Dist [Fz8, | I = T T . & I 3
.................................................... . . .. T
¥Pazz 0.5 =3 - B A B e s e
Pass |43 -5
Fail [462
Tatal 505 =5
[ Global % =30-27-24-21-18-15=-12 =9 -6 =3 0 3 9 12 15 18 21 24 27 30
Chart B BN | 3¢ ||[5et1 - 5et2 i
w
400 e T T P s T L
! ! AT e ! H ! ! - ! ! . ! H [P
- ; e - Pl - N - - T Sk T P o - : .,
200 4---2- T T SLLE b !--'-:- S SRR AT e [RSRTSTRROR EY S e S A e L e R oy T AT ;T |
8T ey iyt P Wwenaetey : LA o e et
0 - - - - - - - - - - - - -
-300 -250 -200 -150 -100 50 0 50 100 150 200 250 300
K mm})
Gemma e Summaty Minimum  Maximum  Average  Stdew Dose “DTA/Gamma is using 2D Mode
Poinks Within Thisshald N&  N& NA& [NA BOA
. Gamma
Al Pairits [MA [, [, [,




VMAT SBRT beam monitorinc

(P5 No Error)
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VMAT SBRT beam monitoring ( P5 Rand Error)
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VMAT SBRT
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"The more distant we look into the past,
the farther we can see into the future.”

Winston Churchill
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