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The Nijmegen RT department

7 Elekta linacs (6 Agility, 1 MLCi2)
*  ~3000 patients/year
* 14 Radiation oncologists

7 Physicists
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Outline

Current practice of pre-treatment
QA and treatment monitoring in
Nijmegen

The IQM system

Our use of IQM

Testing the IQM system

e Stability

* Influence on beam

e Sensitivity in clinical beams
Discussion & Conclusions
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Our current practices

Pre-treatment QA for all
stereotactic plans, most VMAT
plans, and on random basis for
IMRT plans

Delta4: always, film & pinpoint:
when new techique or when
complicated

Single patient >1hr

"
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Our current practices

* No intra fractional / in vivo
monitoring

* No closing of the TPS — R&V — Linac
circle
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The IQM system

* Head mounted ionization chamber
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The IQM system

consists of:

» Large Area lon Chamber

O Aluminum
Callector [ PMMA

El‘:;.,u‘;nuiin: E I i EIL'_S'_ITJ&]A‘DT

» Electrometer
» Inclinometer

for VMAT/Rapid Arc Verification
» Barometer/Thermometer

for Absolute Dose Correction

> Bluetooth
for data transfer

» Batteries
as power supply

Courtesy J. Oellig



The IQM system

Infegrates

» Dose ———
Monitor Units =

> Jaw settings | =2 l‘\ ;’

. . ) ' Multileaf /

Field Size | N

> Leaf positions o, e
Beam Shape

> Spatial Chamber response I

Beam placement
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built-in inclinometer
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The IQM system

*  Very limited

interaction
required _\
’ Send plan tO Treatment Planning Record and Linac Control
QM System Verify System System
Linear
e One-click Accelerator
. =
calculation o | |
e Ready for — — G C“"é’?f’_‘?’. =L
monitoring | nager / K
| § ‘ S
Bluetooth
| IQM Database IQM Transceiver ————
- T T Applications

Radboudumc



Our use of the IQM system
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Our use of the IQM system

* Per segment monitoring and cumulative monitoring
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Testing the IQM system

* |sit stable?

* Can we use it on the linac head during treatment with a simple tray factor
in the TPS?

* Can it detect errors in beam delivery, at least comparable to our current
dosimetry systems?

* Can it be a replacement of our current pre-treatment QA?

Radboudumc



Testing the IQM system - Stability

eeeeeeeeeeeeeeee

*  One month monitoring of a 10
series of plans . /\

* Standard deviation 0.6% for / \
open beams 6 / \

* ~1% SD for IMRT/VMAT test

lumc




Testing the IQM system — beam
changes
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Testing the IQM system — detecting
errors

H&N IMRT and VMAT
Larynx VMAT

Lung VMAT

Lung stereotactic

Clinical beam as a reference
Repetitions of clinical beam to
assess uncertainty in IQM
measurements

45

40

35

30

25

20

15

10

* Single segment change in MU
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Mazimum difference in cumulative signal [%]

errors

 10MU

QM

YMAT clinical |3
IMET clinizal
YMAT modified

IMRT modified

omv vl

10’ 10’ 10°
Maximum difference in segment signal [%]

Maximum difference in cumulative signal [%]

10

10

10

* 5MU

10M

WAT clinical
IMRT clinical
YMAT modified

IMRT modified |-

Omv vl

10’ 10' 10’
Maximum difference in segment signal [%]

Maximum difference in cumulative signal [%]

10

10

10

Testing the IQM system — detecting

c 2MU

QM

WIAT clinical
IMRT clinical
WMAT modified

oDmv w|

10° 10° 10°
Maximum difference in segment signal [%]
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Testing the IQM system — detecting

errors

* H&N IMRT and VMAT * At different time during beam

* Larynx VMAT (especially relevant for cumulative)
* Lung VMAT * Single segment retraction of leaves

Lung stereotactic

Radboudumc



Mazimum difference in cumulative signal [%]

Testing the IQM system — detecting

errors

* 10mm

10M

WMAT clinical |5
IMRT clinical
WMAT modified | -
IMRT madified

omRvw

10°
Maximum difference in segment signal [%]

10

1 102

Maximum difference in cumulative signal [%]

* 5mm

1M

WIAT clinical
IMRT clinical

YIAT modified
IMRT modified

omRvw

1°

Maximum difference in segment signal [%]

1’

Maximum difference in cumulative signal [%]

° 2mm
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P OWMAT clinical | L
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Maximum difference in cumulative signal [%]

Testing the IQM system — detecting

errors

*  Segment at begin of

beam

P WMAT clinical
. B YMWAT modified

10

10"

g

Maximum difference in segment signal [*%]

Maximum difference in cumulative signal [%]

Segment in middle of

beam

1OM

P YMAT clinical |

WAT madified

10° 10'
Maximum difference in segment signal [%]

10

Maximum difference in cumulative signal [%]

Segment at end of beal

10M

VMAT clinical |

WMWAT madified

10° 10°

10°

Maximum difference in segment signal [%]
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Testing the IQM system — detecting
errors

*  The same tests were performed with the Delta4 system

* Also here, a clincal beam was used as a reference

* Dose difference was used as a metric to assess the
measurements
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Testing the IQM system — detecting
errors

Sensitivity [*n]
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Discussion & Conclusions

What IQM does

Detect small errors in beam delivery with respect to
precalculated beam

Detect small errors during treatment course with respect to
reference beam

Operate with almost no user interaction necessary
Closes the TPS — R&V — Linac circle
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Discussion & Conclusions

What IQM does NOT

Check your TPS

Check your machine model

Check patient dose
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Discussion & Conclusions

* |QM does an excellent job in realtime monitoring of beam delivery

* Sensitivity and specificity can be expected to be sufficient for clinical
practice

* Pre-treatment QA with IQM has the potential to save a lot of time

Radboudumc



Real-time detection of deviations in
radiotherapy beam delivery using a head-

mounted detector

R.A.M.Canters?, J.M.A.M. Kusters?!, J. Oellig?, J.P. Carrasco?, H. Huizenga?

1-Department of Radiation Oncology, Radboud university medical center, Nijmegen, The Netherlands

2-iRT Systems GmbH, Koblenz, Germany

Introduction

The Integral Quality Monitor (IQM) is a wedge shaped ionization

chamber mounted on the linac head capable of:

* Measuring a checksum per segment dependent on fieldshape,
field position, and number of MU

* Per segment in vivo verification of delivered beams

* Real-time comparison with calculated plan or reference
treatment

Objective

In this study we assessed the sensitivity of the 1QM for small
beam errors and compared this to our current patient QA tool,
the Deltad on both Elekta MLCi2 and Agility linacs.

Materials and methods

The IQM system
The IQM system is a head mount wedge
shaped ionization chamber (Figure 1).
From the treatment plan, an expected
checksum signal per segment is
calculated, and compared with the
actually measured signal (Figure 2).

Figure 1: 1M system mount on linac head

Figure 2: IQM system manitoring the delivery of planned beam

Measurements

*Various IMRT, VMAT and stereotactic plans

*Repetitions of clinical beams used as references

*MLCi2: One segment changed 10 MU in different positions
within the beam, size increased 10 mm, or re-optimization
*Agility: One segment changed 2 to 5 MU, or size increased 2 to
5mm

*Same procedure for Deltad measurements as our current
standard of QA measurements

For IQM, the maximum segment difference and the maximum
difference in cumulative signal are evaluated, with respect to the
reference.

For Deltad, the median (DD50) and 95% dose differences (DD95)
are evaluated, with respect to the reference.

R.A.M. Canters

P.O. box 9101

6500 HB Nijmegen, The Netherlands
tel: +31 24 8187218

@: richard.canters@radboudumc.nl

Results

Figure 3 and 4 show the aforementioned differences for each
measured repetition of the reference beams (triangles), and for the
madified beams (squares) for MLCi2 and Agility.

Figure 5 shows the ROC-curve for combined values of the
segment/cumulative or DD50/DD95 for both MLCi and Agility
measurements.

10" 0" 10
‘Maxkum diffarsnee In sogment signal (4]

Figure 3: Modified aml reference beams for MI-C!! linac, !ClM[I!'tI and Deltad{right)

5085 40wl epech i enen

N Tw % W % W Wm e
Spucinciy ‘Bpecnty (5

Figure 5: Resulting ROC curves for measured differences for MLCIZ (left] and Agility (right)

Beams including errors can be clearly distinguished, even small
errors down to 2 MU. Sensitivity and specificity of the IQM is100%
for large segment errors (MLCi2) and ~80% for small segment
errors (Agility). This is comparable to results obtained with the

Deltad system.

Dlscussmn and Conclusion

Good sensitivity and specificity for beam errors using a
checksum measurement per segment

Single segment deviations down to 2 MU or 2 mm can be
detected, which is sufficient for clinical practice.
Potential for real-time quality monitoring during patient
treatment

Possibilities for pre-treatment QA have to be investigated
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