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What Dose are the Patients Really Getting ?7?

Or é é ..

What Could Go Wrong?
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What Could Go Wrong?

HN treat ment , VMAT, PTV extends
look at shoulders. Small change in shoulder position makes large
dose error.

|IGRT causes couch shifts which take immobilization devices
considered in the TPS to different locations relative to the

Isocenter.

Anatomy changes not appreciated at time of IGRT.

The linac fails to operate properly after the pretreatment QA is
done and passed.




Childr'en's» £ USC University of
HL?)? ‘I)\H(?EILESR Southern Cah%mia

V\/e Treat Kids Better

Conflict of Interest

A 1 am a Sun Nuclear Corporation beta site for PerFRACTION
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Current State of Patient QA

Calibrate the linear

accelerator Da||y
Treatment

We Treat Kids Better

Routine machine QA
Commission TPS

Use very accurate dose
calculation algorithms

Perform Pretreatment
patient -specific QA
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The Ideal

A Gather information for every patient every fraction on the dose
they received that day and cumulate it daily

A Compare to planned dose and decide whether to fix anything (like
the plan, the patient, patient setup, or the  linac)
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What will it take, besides having an EPID?

A Need Methods to:
I Automatically get images out of the EMR into the analysis system
Convert pixel values to dose
Calculate 2D Gamma for per-beam daily images vs. a reference image
use log files with/without cine images to calculate 3D dose
Backproject planar dose images to 3D dose
Compare daily measured 2D and 3D doseto planned dose

A No one has the time to perform dose comparisons for every
patient every day
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What has already been Done?

Studies go back 15 years !




Radiotherapy and Oncology 88 (2008) 289309
www.thegreenjournal.com

Systematic review

A literature review of electronic portal imaging
for radiotherapy dosimetry

Wouter van Elmpt®*', Leah McDermott™", Sebastiaan Nijsten?,
Markus Wendling®, Philippe Lambin?, Ben Mijnheer®®

aDepartment of Radiation Oncology (MAASTRO), GROW, University Hospital Maastricht, The Netherlands, "Department of Radiation
Oncology, The Netherlands Cancer Institute-Antoni van Leeuwenhoek Hospital, Amsterdam, The Netherlands

implemented in a radiotherapy department, It provides a safety net for simple to advanced treatments, as well as a full
account of the dose delivered, Despite these favourable characteristics and the vast range of publications on the subject,
there is still a lack of commercially available solutions for EPID dosimetry. As strategies evolve and commercial products
become available, EPID dosimetry has the potential to become an accurate and efficient means of large-scale patient-
specific IMRT dose verification for any radiotherapy department,
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2D transit dose Patient/phantom (in vivo) Essers [22,126], Kirby [156,157], Reconstructed exit dose (3D CRT)
verification at patient level Boellaard [81,158]

Patient/phantom (in vivo) Boellaard [159,160] Reconstructed 2D midplane dose (3D
CRT)

Phantom (pre-treatment) Wendling [76] Reconstructed 2D midplane dose
(IMRT)

Patient/phantom McDemott [161,162] Clinical results for prostate IMRT

(pre-treatment and in-vivo)

Phantom (pre-treatment) Talamonti [77] 2D verification (IMRT)

3D dose verification (dose Patient (planning CT) Hansen [39] Back-projected dose based on
calculated using a CT scan 2007 transmission EPID images and
acquired from the planning planning CT scan
stage or acquired "in room’) Patient (planning CT) Jarry [163] Back-projected energy fluence based
1996 on EPID images and a Monte Carlo
calculation using the planning CT scan
] Combined EPID transit dose
2003 measurement and planning CT scan in
an ""extended phantom’’ usingthe TPS
Patient (planning CT) Louwe [166] 2008 Reconstructed 3D dose distribution
(breast)
Patient (in room CT) McDermott [167] Reconstructed in vivo dose for rectal
2002 cancer patients using cone-beam CT
scan
Patient (in room CT) Partridge [164] Back-projected dose based on
transmission EPID images and MV
cone-beam CT

Patient (planning CT) McHNutt [123,124
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PN BRIy A Owverview of the various emrors that can be detected with EPID dosimetry
Potential errors Pre-treatment verification Treatment verification
2D/ 3D 2D D 20 10
Mo phantom Behind Inside Inside Before Behind Inside Inside
phantom phantom phantom patient patient patient patient

Machine

Wedge presence and Yes (systematic errors) Yes (systematic and random errors)
direction

Presence of segment Yes (systematic errors) Yes (systematic and random errors)

MLC leaf position/speed Yes (systematic errors) Yes (systematic and random errars)

Leaf sequencing Yes (systematic errors) Yes (systematic and random errors)

Collimator angle Yes (systematic errors) Yes (systematic and random errors)

Beam flatness and Yes (systematic errors) Yes (systematic and random errors)
symmetry

Linac output during Mo Yes
treatment

Gantry angle Mo Possible Possible Possible Mo Possible Possible Possible

Plan

Transmission through Yes Yes Yes Yes Yes Yes Yes Yes
leaves

Steep dose gradients Yes Yes Yes Yes Yes Yes Yes Yes

TPS modelling parameters Yes Yes Yes Yes Yes Yes Yes Yes
for MLC

Delivery of wrong patient Yes (if same plan is used for verification and Yes Yes Yes Yes
plan treatment)

Dose calculation in Mo Mo Yes Yes Mo Ho Yes Yes
phantom or patient

Patient

Table arm obstruction Mo Mo Mo Mo Mo Yes Yes Yes

Obstructions from Mo Mo Mo Mo Mo Yes Yes Yes
immobilisation devices

Anatomical changes in Mo Mo Mo Yes Yes Yes
patient since
planning CT

Anatomical movements Mo Mo Mo Mo Mo Yes Yes Yes
during treatment

Wrong patient during Mo Mo Mo Mo Mo Yes Yes Yes
treatment

Under/ over-dose to Mo Mo Mo Mo Ho Ho Single plane Yes
volumes of interest

Dose distribution in Mo Mo Mo Mo Mo Ho Single plane Yes

patient during treatment
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A quantification of the effectiveness of EPID dosimetry and software-based
plan verification systems in detecting incidents in radiotherapy

Casey Bojechko, Mark Phillps, Alan Kalet, and Eric C. Ford®
Department of Radiation Oncology, University of Washington, 1959 N. E. Pacific Street,
Seatile, Washington 98195

A Studied 230 external beam delivery errors
A

The majority were related to patient positioning
and only 6% of these could be detected by
EPID dosimetry when performed prior to
treatment.

/4% could be detected by EPID in vivo
dosimetry performed during the first fraction.
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Pretreatment EPID QA In vivo EPID QA
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Catching errors with in vivo EPID dosimetry

A. Mans,® M. Wendling,b’ L. N. McDermott,C} J.-dJ. Sonke, R. Tielenburg, R. Vijlbrief,
B. Mijnheer, M. van Herk, and J. C. Stroom

Department of Radiation Oncology, The Netherlands Cancer Institute—Antoni van Leeuwenhoek Hospital,
Plesmanlaan 121, 1066 CX Amsterdam, The Netherlands

They detected 17 serious treatment errors
out of 4337 treatments using an EPID
based per fraction QA approach. Nine of
these errors would have been missed
with pretreatment verification only

(b) Error type No. of errors

Patient anatomy

Plan transfer

Suboptimally tuned TPS parameter
Accidental plan modification
Failed delivery

Dosimetrically undeliverable plan
Total
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Investigation of a real-time EPID-based @
patient dose monitoring safety system
using site-specific control limits

Todsaporn Fuangrod”, Peter B. Greer””, Henry C. Woodruff, John Simpson®, Shashank Bhatia®,
Benjamin Zwan?>, Timothy A. vanBeek®”8, Boyd M.C. McCurdy®”® and Richard H. Middleton’

Methods: The system compares measured cumulative transit EPID image frames with predicted cumulative image
frames in real-time during treatment using a ¥ comparison with 4 %, 4 mm criteria. The treatment site-specific
thresholds (prostate, HN and rectum IMRT) were determined using initial data collected from 137 patients (274 measured
treatment fractions) and a statistical process control methodology. These thresholds were then applied to data from

15 selected patients including 5 prostate, 5 HN, and 5 rectum IMRT treatments for system evaluation and classification

of eror sources.

Results: Clinical demonstration of real-time transit EPID dosimetry in IMRT was presented. For error simulation, the system
could detect gross errors (ie. wrong patient, wrong plan, wrong gantry angle) immediately after EPID stabilisation;

2 seconds after the start of treatment. The average rate of error detection was 70 % (prostate = 5.6 %, HN=8.7 %

and rectum = 6.7 %). The detected errors were classified as either clinical in origin (e.g. patient anatomical changes), or
non-clinical in origin (eg. detection system errors). Classified errors were 3.2 % dinical and 3.9 % non-clinical.
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A The accuracy of machine information recorded on the log file remains unclear.

A Is the recorded information measured with independent sensors; what is the accuracy and uncertainty of those
sensors; can we perform adequate calibration and QA as we do for ion chambers and other QA devices; and are
there failure modes for which the sensors fail to detect errors.

Incident at a TomoTherapy site - the jaw sizes were varying during rotational delivery while the jaw position
recorded on the log file recorded the same position as planned. The jaw was driven by a stepping motor and its
connection was loose, leaving the jaw freely moving, whereas stepping motor positions recorded on the log file
were per the plan.

It has been speculated that the MLCs in Varian linacs may potentially have the same issue, since they use similar
stepping motors for controlling MLCs.

There are several important aspects of treatment delivery that currently are not recorded in log files, such as
beam symmetry and energy.

Log files cand6t tell you anything about the patient

The log file -based QA approach offers many advantages, yet it still requires further investigation of its
limitations before it is clinically adopted.
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Phys. Med. Biol. 59 (2014) N49-N63 doi:10.1088/0031-9155/59/9/N49

Note

Monitoring daily MLC positional errors
using trajectory log files and EPID
measurements for IMRT and VMAT
deliveries

A Agnew', C E Agnew', M W D Grattan', A R Hounsell'*
and C K McGarry'+




