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Developments in clinical reference dosimetry:
Updates to reference dosimetry protocols
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Background

> Based on ion chamber calibrated
In cobalt-60

> Simple ‘recipe’ for beam calibration

> Covers photon and electron beams

AAPM’s TG-51 protocol for clinical reference dosimetry of high-energy

photon and electron beams
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A protocol is prescribed for clinical reference dosimetry of external beam radiation therapy using
photon beams with nominal energies between %°Co and 50 MV and electron beams with nominal
energies between 4 and 50 MeV. The protocol was written by Task Group 51 (TG-51) of the
Radiation Therapy Committee of the American Association of Physicists in Medicine (AAPM) and
has been formally approved by the AAPM for clinical use. The protocol uses ion chambers with
absorbed-dose-to-water calibration factors, NS0, which are traceable to national primary stan-
dards, and the equation DZ=Mk NS, where O is the beam quality of the clinical beam, D is
the absorbed dose to water at the point of measurement of the ion chamber placed under reference
conditions, A is the fully corrected fon chamber reading, and kg is the quality conversion factor
which converts the calibration factor for a %*Co beam to that for a beam of quality 0. Values of k¢
are presented as a function of O for many ion chambers. The value of M is given by M
= PionPoPetecP poiMpay » Where Moy, is the raw, uncorrected ion chamber reading and P, corrects
for ion recombination, Prp for temperature and pressure variations, P for inaccuracy of the
electrometer if calibrated separately. and Pp for chamber polarity effects. Beam quality. O, is
specified (i) for photon beams, by %dd(10)y. the photon component of the percentage depth dose
at 10 cm depth for a field size of 10X 10 cm” on the surface of a phantom at an SSD of 100 cm and
(ii) for electron beams. by Rs. the depth at which the absorbed-dose falls to 50% of the maximum
dose in a beam with field size =10X 10 cm? on the surface of the phantom (=20X20 em? for
Rs50>>8.5 cm) at an SSD of 100 cm. Rsp is determined directly from the measured value of Iso. the
depth at which the ionization falls to 50% of its maximum value. All clinical reference dosimetry
is performed in a water phantom. The reference depth for calibration purposes is 10 cm for photon
beams and 0.6Rso—0.1 cm for electron beams. For photon beams clinical reference dosimetry is
performed in either an SSD or SAD setup with a 10X 10 em? field size defined on the phantom
surface for an SSD setup or at the depth of the detector for an SAD setup. For electron beams
clinical reference dosimetry is performed with a field size of =10X10 cm? (=20X20 cm? for
Rs5p>8.5 cm) at an SSD between 90 and 110 ¢cm. This protocol represents a major simplification
compared to the AAPM’s TG-21 protocol in the sense that large tables of stopping-power ratios and

rey absorption coefficients are not needed and the user does not need to calculate any
theoretical dosimetry factors. Worksheets for various situations are presented along with a list of
equipment required. © 1999 American of Physicists in M
[S0094-2405(99)00209-6]
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Review — reference dosimetry with TG-51

> Starting point is Nggfjo for your chamber (ADCL)

> D, required in clinical beam (quality Q # cobalt-60)
60
0O __ _ Co
Dy = MNDQ,W = MkQND,W

: . 60 . .
> Requires M with ND Mfo and beam quality conversion factor, kg
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Why update?

> Advances since 1999 publication
> Semi-analytic approach:

L water
P nir PcelPreplP rall
kQ = I water
; . P cel-PreplP
air 60¢70

> New chambers available
> Deliberately avoided uncertainties
> Extensive revision for electron beams

AAPM’s TG-51 protocol for clinical reference dosimetry of high-energy
photon and electron beams
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energies between 4 and 50 MeV. The protocol was written by Task Group 51 (TG-51) of the
Radiation Therapy Committee of the American Association of Physicists in Medicine (AAPM) and
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the absorbed dose to water at the point of measurement of the ion chamber placed under reference
conditions, A is the fully corrected fon chamber reading, and kg is the quality conversion factor
which converts the calibration factor for a %*Co beam to that for a beam of quality 0. Values of k¢
are presented as a function of O for many ion chambers. The value of M is given by M
= PionPoPetecP poiMpay » Where Moy, is the raw, uncorrected ion chamber reading and P, corrects
for ion recombination, Prp for temperature and pressure variations, P for inaccuracy of the
electrometer if calibrated separately. and Pp for chamber polarity effects. Beam quality. O, is
specified (i) for photon beams, by %dd(10)y. the photon component of the percentage depth dose
at 10 cm depth for a field size of 10X 10 cm” on the surface of a phantom at an SSD of 100 cm and
(ii) for electron beams. by Rs. the depth at which the absorbed-dose falls to 50% of the maximum
dose in a beam with field size =10X 10 cm? on the surface of the phantom (=20X20 em? for
Rs50>>8.5 cm) at an SSD of 100 cm. Rsp is determined directly from the measured value of Iso. the
depth at which the ionization falls to 50% of its maximum value. All clinical reference dosimetry
is performed in a water phantom. The reference depth for calibration purposes is 10 cm for photon
beams and 0.6Rso—0.1 cm for electron beams. For photon beams clinical reference dosimetry is
performed in either an SSD or SAD setup with a 10X 10 em? field size defined on the phantom
surface for an SSD setup or at the depth of the detector for an SAD setup. For electron beams
clinical reference dosimetry is performed with a field size of =10X10 cm? (=20X20 cm? for
Rs5p>8.5 cm) at an SSD between 90 and 110 ¢cm. This protocol represents a major simplification
compared to the AAPM’s TG-21 protocol in the sense that large tables of stopping-power ratios and
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What stays?

> Procedure and formalism remains the same
> Still based on ion chamber calibrated in cobalt-60
> Calculated (but updated with accurate Monte Carlo) k, factors

> Solid phantoms still prohibited

Vv

%dd(10), and R;, for beam quality specification

> Addendum published (2014) for photon beams, wider revision for electron beams



Photon beam addendum =

Addendum to the AAPM’s TG-51 protocol for clinical reference dosimetry
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- T An addendum to the AAPM's TG-51 protocol for the determination of absorbed dase to water in

) I aS VO ta e a n I O n megavoltage photon beams is presented. This addendum continues the procedure laid out in TG-51
but new kg data for photon beams, based on Monte Carlo simulations, are presented and recom-

mendations arc given o improve the accuracy and consistency of the protocol’s implementation.
The components of the uncertainty budget in determining sbsorbed dosc to water at the refercnce
point are introduced and the itude of cach c liscussed. Finally, the consistency of
experimental determination of Np . cocfficients is discussed. It is expected that the implementation

of this addendum will be straightforward, assuming that the user is already familiar with TG-51. The

re C O I I l I n a I O n changes introduccd by this report arc gencrally minor. although new recommendations could result in
| on procedural changes for individual users. It is expected that the ¢ffort on the medical physicist's part to

implement this addendum will not be significant and could be done as part of the annual linac calibra-
tion. € 2074 American Association of Physicists in Medicine. [http//dx doi.org/10.1118/1 4866223]

Key words: photon beams, dosimetry protocol, ionization chamber, beam quality conversion factors,
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What has been the impact?

>

> Addendum published three years ago

> WGTG51 conducted online survey

Has your clinic implemented the addendum to the TG-51

vo [

0% 10% 20% 30% 40%: 5046 G0%%h T0% 30% 90% 100%%

If yes, what was the maximum calibration difference for
any photon beam when switching from the original TG-51
protocol to the 2014 addendum?
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What has been the impact?

> Addendum published three years ago
> WGTG51 conducted online survey
> Impact has been minor (expected)

> Manufacturers developing new designs to address
reference-class issues (small volume chambers)
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Now for electron beams — more complicated, wider revision




The problems with electron beams }

* Steep dose gradients and chamber positioning

T T T T T T T T

!
o
N
RS
3.
—

Assumes
Issue independent of chamber type o *e accurate
T positioning
Not much we can do — take care to 0.5 mm
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The problems with electron beams

* Steep dose gradients and chamber positioning

* Plane-parallel vs cylindrical Complicated q
ompiicated proceaures

* Plane-parallel variability and stability in TG-51

* Cross-calibration against cylindrical
* Cylindrical not allowed in low-energy beams

* Measured P, required for cylindrical

ko= P Ky Kecal

Can we simplify?
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The problems with electron beams

* Steep dose gradients and chamber positioning

* Plane-parallel vs cylindrical
* Plane-parallel variability and stability
* Cross-calibration against cylindrical
* Cylindrical not allowed in low-energy beams
* Measured P, required for cylindrical

7\ wWater
[( ) Fect Prepi P Wﬁ”L Need more

|| D

o L ) .
Higher uncertainty in TG-51 kg, Q [ D Pwan] accurate data

NC-CNC
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Plane-parallel: PTW Roos

Cylindrical: NE2571

- Recommended for low-energy
e- beams

- Cross-calibration procedure

- kq required several assumptions

(Prep=Pwan=1)

- Measurement performance: may
not be stable?

wall™

- Not recommended for low-energy e-
beams

- but based on assumptions for
plane-parallel® — variation in kq
with large (~5 %) corrections

- Very well behaved - stability in
photon beams at 0.1 %

NC-CNC



Can we simplify by using cylindrical }

chambers for all e beams?

* Would eliminate problems using plane-parallel, cross-calibration

* In fact, recent survey indicates clinical physicists already doing this

No: 18 %\

“Do you use the same
chamber for photon beam |:>
calibration as for e beams?”

\Yes: 82 %




Revisit older experiments with }

focus on variability

Fluence perturbation correction factor
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1.00
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0.98 |
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NCE Report 5 (1589)
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Mean energy at depth (MeV)

So, are corrections
really more variable
for cylindrical
chambers?




Revisit older experiments with }

focus on variability

-]
M4 Pq,

Qecal Qecal

 Measure corrected M for several chambers in electron beams

* Normalize in 18 MeV beam (Q,_,)

* Variation/uncertainty in overall perturbation correction P (ko) for similar
chambers

16 MCCMC



Revisit older experiments with

focus on variability

* M measured vs. depth in 8 and 18 MeV




No, corrections aren’t more variable
using cylindrical chambers!

 Variability at +/- 0.4 %, no worse than plane-parallel chambers!
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* Appropriate to use cylindrical chambers in all beams using generic kg
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What about k and P -?

Use Monte Carlo
> Equation defining kQ: DVQV:MN,%W=M/<QNZOSVO

> Absorbed dose to the air in an ion chamber: Dgi, = —

> Combine and assume (W/e),; constant with beam energy

=
Dai'r -
ko = Q % All quantities can be calculated

[&] with Monte Carlo simulations
Dgir 600

> Aside: this Is the principle behind photon beam k, factors in addendum

19 MCCMC



Absorbed dose simulations

for k~ factors

> Sources: realistic accelerator models or electron beam

spectra

> Simulations with EGSnrc egs_chamber! user-code

>|D,, [iIn small disc vs depth in water
5
Dai'r
kg = 9
Dy,
Dgyir 600
o]




lon chamber simulations
for kQ factors

NE2571

D

air

d

epth In water

Exradin Al11

In fully modeled chambers vs




Comparison to high-quality

literature results

* Publications report L L B B B B B B
1.08

K'rso: NOrmalized kg, 107 ® this work E

— TG-51

1.06 | x Zink and Wulff (2012) -
E Sempau et al. (2004) ]
LOSE o Cojocaru et al. (2010) E
* Excellent agreement sk

3 w%\ o McEwen et al. (2001) 3
with published data * 1o3f 5%\ =

1.02F




Comparison to high-quality

literature results

Difference between MC
and calorimetry (%)

e Recent ca IOrimet ry Plane-parallel
PTW Roos -0.28
measurements in PTW Markus -0.46
PTW Advanced Markus -0.68
high-energy beams for kecal Exradin A10 0.01
Exradin A1l 1.38
Scanditronix NACP-02 -0.27
IBA PPC-05 0.07
* Very good agreement IBA PPC-40 -1.20
Cylindrical
for commonly used chambers NE2571 0.26
IBA FC65-G 0.17
PTW30013 -0.09
Exradin A19 0.44
Exradin A18 -0.05
Exradin A1SL 0.10
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What about the gradient

correction?

— |
Hl

Where is the electron fluence really
sampled?

At the center of the chamber?

Incident beam Closer to the curved front surface?

How can we account for this?
- Shift or correction

—
S

ko = ngRm —> P, = M(d,e¢+ 0.5r,,)/M(d,)

ref



What about the gradient
correction?

NE2571 o

4 5 6
R, (cm)

Using TG-51 recommendation — scattered results

NC-CNC



What about the gradient

correction?

This is getting pretty
small (0.6 mm)

What if we take
limf =>07?

NE2571

That is, let MC k,
take care of P,

4 5 6
R, (cm)

Can use different shift for P, to reduce scatter

NC-CNC



Can we avoid use of P,?

0'97;—'.' Ll | | | | | | [_:
> Using MC calculated ki it N
. . 0,95;_ ° /Iess realistic sources _
Includes gradient effects ossl X ,
& f clinical accelerator models !
0.03F ]
0.925— o \. l fltj clinical 3
0ot el ., -
5 i N

0.90_—. I
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Can we avoid use of P,?

> Most common source of electron beam calibration errors

> Using MC calculated ki, D2=MN2 = MkQNZOCO
’ W

Includes gradient effects
and simplifies procedure

Q
PQ?" 50 cal

NC-CNC



The (resolved) problems

with electron beams

* Steep dose gradients and chamber positioning —> Take care when
positioning chambers!

* Plane-parallel vs cylindrical

* Plane-parallel variability and stability o
Can use cylindrical

* Cross-calibration against cylindrical T chambers for all beams

* Cylindrical not allowed in low-energy beams _
—> Monte Carlo kg include P,
can remove requirement

L water
(;) . PcelPrepleall
air Q
L
P

* Measured P, required for cylindrical

5 Now have
[(_)t pcelﬂ.eplpwau] ) high-quality data

60Co

* Higher uncertainty in TG-51 kg, kg =

NC-CNC



Summary

> Reviewed TG-51 protocol — problems and reasons to update

> Review of addendum published April 2014
- As expected, impact has been minor

> Much wider revision for electron beams

- Just use cylindrical chamber Simplified (more like photons) to
- No cross-calibration or P, make life easier, reduce errors!
- Updated, accurate k,, factors

30 NC-CNC




Thank you
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