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LESSONS LE.
ACCIDEN
IN RADIOTHERAPY

of a linear accelerator, an institution contracted thg
of the manufacturer to measure depth dose data. The institution’s physicist later
¢hecked the data and found an 8% discrepancy between his measurements and those of
the manufacturer for some field sizes and de pl|‘\ He concluded that the manufacturer’s
data were correct and used them clinic: A review by an outside consultant
physicist revealed that the physicist’s mes ments were correct. During a pesiod of
several months, some palients received doses that were 8% lower than prescribed.
"‘ltRAPY :'g: i
Initiating event
— Incorrect data for patient dose calculations: The manufacturer provi
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Planning for Commissioning Data

“TABLE L. (2) Typical commissioning measurements for photon beam data for each energy and wedg. () Typical commissioning measuremens for electron

Square field size (cm)

Description 5 00 12 1 5 3 >40

Application Traditional radiation oncology filds Magna feld
PODIMR X X x X x x X x ox

Profiks & X x x ox x x x
57 depths
Diagonal or
sar profiles

Nonscan s.
data s,
WETF

Surface dose

Descripion Cone size e xcm)

15% 15

Profiles @ -7
depths
Nonscan  Cone factor
daa
Cutout factor
Vinual source

Surface dose




AAPM-SAM-2012-Das (3)

Planning for Commissioning Time

Time= [(PDD + 5 profiles)/beam energy]

x (open + 4 wedges) x 60 points/scan
x [(1 s/pts + (1s/movement and delay)]
x (15 fields x 2 energies)

Rational For Commissioning Beam Data

First, it is ng
have produc
example, vaj
the same no

Second, on-
user’ s accell
steering wil

Third, the b
that depend
affect the b

Fourth, alth
in individua|
errors, whic

The following concerns should be carefully evaluated be- [tk clerators
fore the use of any golden beam data within a clinic. First, it JRUSSHISIOW
is not evident that manufacturing procedures for all linear FEINICEINCIATIS
accelerators have produced a level of reproducibility accept-
able for clinical use. For example, variations in beam param-
eters have been noted between beams with the same nominal N
Second, on-site changes made during installation SURUMIE

o YRR S from beam
ng) will not be

energies.

and acceptance of the use

beam energy and/or profiles from beam steeri

a. Third, the beam characteristics
of the soft wedges are {11;\dc by moving jaws that depend on % moving jav
the speed parameters of the jaws and a deviation at site could g 1d
affiect the beam profile of the soft wedge. Fourth, although WKASSICEUUUI

modeled in the golden

acceptable agreement with the golden data set may be found
in individual checks, it may be that some clinical setups will TG-106
have |nullip1¢funr.~'. which c\tm!‘winc to produce unaccept- Tanl'V)b’C found
able results. Finally, the commissioned beam data also pro-

. ; ave multiple
vide a thorough check of the accelerator, which may uncover |8 F

problems that may not otherwise be discovered with a mere
spot check.

Rational For Not Using Golden Data




Rational For Not Using Golden Data

b A
A=?(0.5, 1.00r 2%)

For all practical purposes, based on the presented results,
we suggest 2 mm DTA and 2% DD as a convenient criteria
for 7 analysis to be met when evaluating the agreement of
profiles scanned in common dosimetrical conditions. Better
results are attainable by employing different strategies cop-
ing with the imperfections of measurements.

It is our opinion that matched beams which do not meet
the earlier suggested criteria should not be treated as clini-
cally interchangeable.

Hrbacek, et al “Quantitative evaluation of a beam-matching pr
using one dimensional gamma analys Med. Phys. 34, 2917-292

Que
Star shot provides isocentricity of accelerator parameters. Which

e is gantry star shot?

I :
2% A. (a)

2% B. (b)
79% C. (c)

S (o) or (b)

. E. None
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Question
Star shot provides isocentricity of accelerator parameters. Which
one is gantry star shot?

NN
AN

() Answer: C
. (¢)

. (a) or (b) Reference: Khan, Physics of Radiation Therapy, 2009

. None

Question
Time required for commissioning a dual
energy linear accelerator with photon and

electron beam is

0% A. 1day
5% B. 3 days
42% C. 1 week

_E. 2 months

Question
Time required for commissioning a dual
energy linear accelerator with photon and

electron beam 1s

A. 1 day

. 3 days

B

C. 1 week
D. 4-6 weeks
E

. 2 months

Answer: D
Refere as et al, TG-106, Med. Phys. 35(9), 4186-4214, 2008
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Definition of Detectors

¢ Standard chamber 10~! cm3>—The active volume for
a standard Farmer-type ionization chamber is on
average 0.6 cm’.

¢ Minichamber 107> cm®*—The active volume for a
mini-ionization chamber is on average 0.05 cm?.

% Microchamber 1073 cm*—The active volume for a
microionization chamber is on average 0.007 cm?
and ideally suited for small field dosimetry such as
radiosurgery,gamma knife, CyberKnife, and IMRT

Setting Water Tank & Detector

Know Your Connectors

—_—
BNC connectors TNC connector Central Electrode

Conductor
.

Insulator
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Understand Detector, Connector & Cable

Quality of Cables

Cable Length Effect, 10 MV, 300 MU/min

—x=CNMC

—0- K&S white
—a— K&S black
—+— Standard Imaging
—8—PTW

——Sun Nuclear

Electrometer Reading (pA)

Cable Length (m)

Effect of Scanning Arm Tilt

Setup and
e Possible Errors

Reltive Dase

— %
=/ »
/ 0

p 2 1 o
(@ Distance (cm)

1 2 3 .

10

15
(b) Distance (cm)
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Electrometer

Null Setting
Cable subtraction

Proper bias
X >300 V for ion chamber
X 100 V for diamond
X 0 v for all diodes

Proper gain

Proper mode

Question

High voltage is applied to ion chamber for?

(1) To reduce ion recombination; (2) To reduce polarity effect; (3) 100 volts;
(4) 300-400 volts

1 only

1 and 2 only

1,2 and 3 only
2 and 3 only

Question

High voltage is applied to ion chamber for?

(1) To reduce ion recombination; (2) To reduce polarity effect; (3) 100 volts;
(4) 300-400 volts

1 only
1 and 2 only

1,2 and 3 only
2 and 3 only

1 and 4 only

Answer: E

Ref Das et al, TG-106, Med. Phys. 35(9), 4186-4214, 2008
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Question

When setting ion chamber in water tank,
the correct position of the chamber as
viewed in water tank (as seen in figure) is:

Position # 1

Position # 2
Position # 3
Position # 4
Position # 5

: Das et al, TG-106, Med. Phys. 35(9), 4186-4214, 2008

Question
When setting ion chamber in water tank,
the correct position of the chamber as
viewed in water tank (as seen in figure) is:

Position # 1
Position # 2
Position # 3
Position # 4

Position # 5

Answer: C

efrence: Das et al, TG-106, Med. Phys. 35(9), 4186-4214, 2008

Choose Consistent & Correct Polarity
PDD Ratio with Different Bias

—0.6cc
— —0.125¢cc

— - PinPoint-steel
— - Pinpoint-Al

PDD Ratio (+/-)

15 20

Depth (cm)
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Chambers & Gain

Comparison of PDD with Chamber and Gain

——6 MV good chamber

= = = 6 MV bad chamber, incorrect gain

Percent Depth Dose

== 6 MYV bad chamber, correct gain

=15 MV good chamber

1416
Depth (ecm)

6MV, 1x1 em’

Selection of detector
for beam data

6MV, 40340 cm®

Depth (cm)

6MYV, 10x10 em’

Relative Dose

£ 010 12 M6 1 )
Depth (cm)

£ 10 12 14 s
Depth (cm)

Choice of Detector Orientation
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Detector Orientation

Beam Profile

" PinPoint
-~ PiaPaint ;
—— Dismand —— m.;md
Scanning direction PFD mD

Scanning direction

k) 0 0
Distance (mm) Distance (mm)

6MV, 2x2 cm?2 field, Illustration of chamber volume effects

—*— Diode, dmax

—&— PTW Pinpoint, dmax

—2— RK chamber, dmax

o
2
=3
[a]
o
2
S
o
~

30

[
=)

1
Distance Off Axis (cm)

Swface & Buildup Dose, 6 MV

0.125 ¢
— Marks
Al6
IC-4
— = PinPoint
—+— Diamond
PFD
SFD

Depth (mm)
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6MV 60 Deg Wedge, 10 cm depth: water vs Profiler
250

—4—Diode Array Profile
200 A
—o—Water Profile
150 4
o
w
o
a
o
2 10
]
K
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50 1
u
-20 -15 -10 -5 0 5 10 15 20

Distance Off Axis(cm)

18 MV 60 Degree Wedge, 10 cm depth, 100 cm SAD: Water vs Profiler

200 4
180 |
—8- Diode Array profile o
160 - A\
Water Profile o & “*
140 ~ ‘
. 1204 A \
2 r |
8 10027 \
© - |
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Question
The possible setup error that causes the
photon beam dose profile in figure is due to:

25%  A. Gantry tilt
0% B. Collimator rotation
19% C. Tank arm tilt

and tank arm tilt

il 0
Distance (cm)
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Question

The possible setup error that causes the photon
beam dose profile in figure is due to:

A. Gantry tilt

B. Collimator rotation

C. Tank arm tilt

D. Gantry and arm tilt

E. Gantry tilt, collimator rotation
and tank arm tilt

1
tance (cm)

Answer: D
nce: Das et al, TG-106, Med. Phys. 35(9), 4186-4214, 2008

Scanning Speed
PDD Electron Beams

6 MeV
9 MeV

12 MeV

32
e
Y
F3
3
a
<
2
U
a

Scanning Speed

6 MeV, Scanning Speed

\

&

50 4

Relative Dose

40

0

20 4 —Slow Scan (50 muny's)

—Fast Scan (100 many's)
10 4

— T ——T——TT—TTT—
14 <12 10 B £ - 2 o 2 4 6 ] 10 12 14
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Arithmetic Mean (AM) smoothing: 60 Degree Wedge
PDD

— Unsmoothed

3
.

=N
S
L

'S
=)
L

P.Srcent Depth Dose
(=]

15 20
Depth(cm)

Arithmetic Mean (AM) Smoothing, 60 Degree Wedge Profiles

140 —— Unsmoothed
— - AMx1
— = AMx2
— =AMx3
— - AMx5

S
o
2

a

Distance (cm)

Future of Beam Data
Commissioning

+¢ Standardization of linear accelerators
¢+ Monte Carlo based commissioning
+¢ Newer Radiation Detectors & Cables
+¢ Newer Scanning Systems

+* Smart algorithms




Aubin et al., Med Phys, 37(5), 2279-2288, 2010

Simulated Profiles

Aubin et al., Med Phys, 37(5), 2279-2288, 2010

Depth Dose Simulation

Aubin et al., Med Phys, 37(5), 2279-2288, 2010
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Question

Electron beam depth doses shown in
figure represents the problem of

12

6 MeV

Noise in the cable 9 Mev

12 MeV

1
2. Electrometer gain
3

Bias on the electrometer °

Tuning of accelerator Hki

21 MeV/

Depth, z (cm)

Question
Electron beam depth doses shown in
figure represents the problem of

6 MeV
9 MeV

A. Noise in the cable

N 12 MeV
. Electrometer gain
15 MeV

. Bias on the electrometer

. Speed of scanning 18 Mev

Depth Dose (%)

. Tuning of accelerator

0

as et al, TG-106, Med. Phys. 35(9), 4186-4214, 2008 Depth, z (cm)

Question
Photon beam dose profiles taken with various

detectors as shown in figure is possibly due to:

Speed of scanning ) b
Beam asymm e[l'y

Pb piece in the beam

)
Hysteresis of scanning system_ 4

detector
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Question
Photon beam dose profiles taken with various
detectors as shown in figure is possibly due to:

Beam Profile

. Speed of scanning

. Beam asymmetry

. Pb piece in the beam -}

. Hysteresis of scanning system PinPaint

—— Diamond

3040 50
Distance (mm)

wer: E
as et al, TG-106, Med. Phys. 35(9), 4186-4214, 2008

Sensitivity vs Volume of Detectors

1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00

- 3.
Volume (cm’)

Treatment Fields

Traditional Fields
0 CIN’ ~— x| cm>

200x200 cm?

Advance Therapy Fields
SRS/SRT
Gamma Knife
Small Field Cyber—Knife
dxd om? — ‘| Tomotherapy
IMRT




What 1s a Small Field?

¢ Lack of charged particle
X Dependent on the range of secondary
electrons
X Photon energy
¢ Collimator setting that obstructs the
source size

¢ Detector is comparable to the field size

Views of Source Sizes

Jaffray et al, Med Phys 20, 1417-1427 (1993).
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Dosimetry

< Absolute

X Dose

« Relative
Depth Dose [D(r,d)/D(r,dm)]
TMR
Profiles
Output, S
D(ref)]

(total scatter factor), [D(r)/

cp

Field Size Limit for
Accurate Dose

Measurements with
Available Detectors

Das et al, TG-106, Med Phys,
35, 4186, 2008

Relative Dosimetry

2 msr 2 msr Zmsrr¥

fx ST o f st , s ‘f‘cf
Du-ﬂno =M™ N, lr’.Qqu,onom 0

- (S\\ ,air ) felin ’ Ph'/iu
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New Data on Correction Factor

TanL: L Ratio of detcctor - /M and correcton factors K/ge_for the 5. 7.5, and 10 m
fields. Corresponding uncertainties at 684 [vel 4 shown in parentheses,indiéatig the uncertanty i the fing
ane or two digits.

10 mm

Detector ) k x k MM

Al6 5 1089 (3) 0811 (10) 0866 (6) 1010 (3)
PinPoint 20 (17)  LI0L(3) 0801 (7) 2 0862 (5) 1015 (3)
Diode 60008 0943 (3) 0873 0912 (1) 0964 (3) s
Diode 60012 0956 (3) 0847 (2} 0891 (1) 0978 (3) o o, 00 s ey :
EDGE 2 0948 (3) 0864 0906 (1) 0966 (3) i O o, s shscs of a i cuatons. s
1249 (8) 0785 (12) 5 0855 (13) 1019 (3) o comspond 0

0.509 (6) 0880 (8) Tt 1. v o
EBT films 0811 (16) 053 (18) - e cometion st
Polymer gels" - 0872 (1) 0929 (29)

Siemens; PTW diode 60

it ol
/\’0\‘"‘ 0‘“ L 7frfl.?ckm: PTW diode 60012

Ymsr

elin mens; Exradin A16

Elekia; Exradin A16
; Sun Nuclear Ded
Sun Nuclear Ded
PTW Pinpoint 31014
Elekta; PTW Pinpoint 31014
Siemens; PTW microLion
- Elekta; RTW._microfion
Y

==

9
2
Q
3
&
o
1)
%=]
Q
o
=
@]

15 20
Field size (mm)

New Data on Correction Factor

1.0100

10075 | Tassier st a/™
f «

10050 |

025 | b8
0025 | Wang ef af®
I~
1.0000 Fully-rotated
L dalivary
nears

09350

09925 | (f)

E ool
oo00 peed
09900 ¢ delivary

0.8875

nessn -

Exracin A2 NE2571 Ewadin AISL  Exraxiin A14  PinPuint® 31008
Ionization Chamber




kQ is not Constant in Small Field

1.000 1.000

e
0.995 e
1995 -
0.990 0990 [

20985

- o - -

—6— CapintecPR- SP mini 0980 -5 —&—CapintecPR-SP mini

-G~ Exradin T1 mini shonka B Exradin TI mini shonks

-0 Exeadin A12S . -0 Excadin AI2S

X-NE 25153 0975 X--NE25153

+ “NE2561 Sec.Sud +NE2561

A PTW31002fkexble

0.970 L 0970 Lowsitiiisn
10 15 20 2 3

Depth in water [cm] b) Diameter of Field [cm]

0.980

Kawachi et al, Med Phys, 35, 4591-4598, 2008

Depth Dose & Source Size

!
Field size. Field size] [ N Field size
- [ o
“1 Se_ t0x0em’ S s<sem’] |l Ry 22cm?]”
1 oot Pt 1 T o *
. b Mm7 Focal spot FWHM: |mm7 e Foca spot FWHME: 1 e >‘ .
20 3 mm 20|
() smv/| f(b) smv] [0 6MV
e
/ Field diameter] |/ Field diameter] /., Field diameter
%0 smmi1 3mm 1.5mm] ")
w0 - ©
f Pt 2 ——
. 3rm 2mm
()

am et

Profile & Source Size

3 1.5 mm field diameter 1.5 mm field diameter \\ 1.5 mm field diameter
1 L — My NS -
wl N T T e i B
2 e Pa . S -
Jp— S N J—
2 o — »
< J@ ® e [© e v
o ‘\\ 3 mm field diameter > 3 mm field diameter 3 mm field diameter
= §_t e 6 MV 4 men Ewrn emMV 4 men FWHA emv]”
o N -
=) N v F = Fmax < z=10cm z=20cm
B - % AN Lz e men Ewein
> = \\ 2 N ommee _smmewm
=< e i e
3 LH@ = © S 0] =
i = - = -
S 5 mm field diametor =5 mm field diameter 5.5 mm field diameter
g TE LY R P— oMy ey Pt B
L I 2=z b zomewem™ 10 em [—— z=20cm{=
e - S i »

1 et al, Med Phys, 35, 331
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Comparison of Large Tank and Small SRS Cylinder
Tank for SRS, TMR & Profiles

ML
‘e 7-':/ ‘

-\

Moving Tank System for TMR

ARM Inc., Port Saint Lucie, FL 34983

Direct TMR Data Acquisition

No SSD to SAD calculations required, No cubic spline fit of a
limited number of fixed data points needed

Calculated TPR 2% less at depth Cubic spline fit of 12 data points

Nikesch et al, CyberKnife Center , Palm Beach, FL

3D Scanner (Sun Nuclear)
¢ Setup Subjectivity

X Automatic leveling, water surface detection and beam
center detection
No tank shifts
5 A . .
« Detector orientation/resolution
X 3D Scanner design always using the short dimension of
chamber to scan
« Time
X Setup is faster and more accurate
X No tank shifts

Smaller tank fills and drains faster
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Sun Nuclear 3D Scanner

1. Ring drive maintains consistent scannin

2. Diameter drive has maximum sc:

Question

What is a Small Field?

(1) Lack of charged particle equilibrium; (2)Collimator setting that
obstructs the source size; (3) Fields <3x3 cm? gnd independent of
beam energy; (4) Leakage is comparable to sig

1 only

1 and 2 only
1,2 and 3 only
1, 2 and 4 only
1-4 (all)

Question

What is a Small Field?
(1) Lack of charged particle equilibrium; (2)Collimator setting that
obstructs the source size; (3) Fields <3x3 cm? and independent of
beam energy; (4) Leakage is comparable to signal

. 1 only

. land 2 only

>. 1,2 and 3 only

. 1,2 and 4 only
E. 1-4 (all)

Answer: B

wce: Das et al, Med. Phys. 35, 206-215, 2008
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Question
What is 1\’,\,» Y

17% A. Defined in TG-51 for chamber correction factor
Defined in noncompliant TG-51 dosimetry for correcting

B
o
gok reading to actual dose

33% C. Conversion factor from K, to Dose

0% D. Used in dynamic and Arc therapy dose calculation

imarily in Tomotherapy dosimetry

Question

What is

A. Defined in TG-51 for chamber correction factor

B. Defined in n liant TG-51 dosimetry for correcting reading
to actual dose

C. Conversion factor from K, to Dose

. Used in dynamic and Arc therapy dose calculation

E. Used primarily in Tomotherapy dosimetry

Reference: Alfonso, et al. Med Phys 35, 5179-5186 (2008)

Conclusions

Golden Data should be taken as a
reference only

Understand time and amount of data
to be taken

View each parameters properly,
double check by another individual

Use proper detector for each type of
data collection

Set optimum speed for scanning, do
not rush




-Conclusions

+ Understand the limits and measuring
condition

+* Question every unusual data set

¢+ Write report for future reference
+ Future technology & resources
could help commissioning simpler
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