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KS01 The relative biological effectiveness of clinical

proton therapy beams

H. Paganetti

Massachusetts General Hospital

The proton RBE varies among cell lines, tissues, endpoints, as well as

with beam-quality. Experimental data do show a trend towards an

increase in RBE as a/b of the linear-quadratic model decreases. Fur-

thermore, one would also expect the RBE to increase as dose decreases.

The RBE also increases with increasing linear energy transfer (LET).

Phenomenological models are capable of predicting the RBE as a func-

tion of these parameters but input parameters for these models are solely

based on cell survival data obtained in vitro. It is unclear if in vitro

relationships can be translated to in vivo endpoints even for tumor con-

trol. Furthermore, to define normal tissue complications, the endpoint of

cell survival may not be appropriate at all. Patient specific radiosensitivity

is poorly understood and clinical evidence that RBE variations indeed

matter in patients is scarce. Consequently, proton therapy uses a generic

RBE of 1.1. However, variations in RBE are considered indirectly in

proton therapy. In treatment planning, some qualitative consideration is

given towards variable RBE values by, for instance, avoiding specific

beam angles or reducing the dose to critical structures for a limited

number of fractions. The current clinical focus is on mitigating potential

impacts of proton RBE uncertainties.

This presentation will summarize our current knowledge of RBE

variations as a function of normal tissue and tumor endpoints, as a

function of dose, and as a function of energy deposition characteristics.

Uncertainties with respect to in vivo RBE predictions will be discussed

and implications in treatment planning will be outlined. Further, the

current clinical evidence supporting a change in current clinical practice

will be reviewed. Strategies to improve a treatment plan by redistributing

the LET away from critical structures will be introduced as a way to move

forward until more biological data become available.

KS02 Radiopharmaceutical therapy: the role

of dosimetry in treatment optimization

G. Sgouros

Johns Hopkins University

Radiopharmaceutical therapy involves the delivery of radiation directly

to tumor cells or to the tumor microenvironment. This is typically

accomplished using radionuclides that are conjugated to targeting vehi-

cles such as antibodies, peptides, small molecules, engineered

nanostructures or, in some cases, by the biological properties of the

unconjugated radionculides (e.g., radium chloride targeting of bone

tumor, radioiodine targeting of thyroid malignancies).

Treatment optimization, in the context of RPT, may be defined as

selecting the most appropriate amount of activity to administer to deliver a

cytotoxic tumor absorbed dose without exceeding normal organ absorbed

dose tolerance limits. Since RPT agents are administered systemically,
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their optimization has proceeded by adopting the chemotherapy paradigm

wherein optimization is based on an empirical process of administering

different levels of activity on a per body weight or body surface area basis

in a series of multi-center, multi-arm trials and then evaluating outcome for

each administered activity level. This approach does not take advantage of

the inherent distinction between RPT and chemotherapy agents. There is

substantial experience in radiotherapy to relate tumor and normal organ

absorbed doses to response and toxicity outcomes. This prior experience,

coupled with the ability to image tumor and normal organ RPT agent

localization in patients over time (by SPECT/CT or PET/CT, for example)

may be used to calculate the corresponding absorbed doses and thereby

implement absorbed dose-based optimization.

Absorbed dose-based treatment optimization could be implemented,

for example, to help stratify patients based on the tumor or normal

absorbed dose. In turn this could depend upon tumor burden or the

clearance kinetics in individual patients. Early studies of new RPT agents

should incorporate dosimetry to determine the potential impact of patient

variability on absorbed dose. Ideally such studies could help identify and

validate absorbed dose surrogates. Dosimetry-based treatment planning

in such a scenario could be considered a biomarker that would help

identify patients that most likely to benefit by RPT while also providing

some guidance on the most appropriate administered activity for a given

patient or population of patients. In this sense, dosimetry-based treatment

optimization is a precision medicine approach to implementing RPT.

IS01 Do we now have the biomarkers to Identify

Individuals with extreme normal tissue radiotoxicity?

O. Martin

Division of Radiation Oncology, Peter MacCallum Cancer Centre,

Melbourne, VIC, Australia

Despite continual improvement in the efficacy of radiotherapy, its success

is still limited by the inability to accurately identify prior to treatment,

those patients who will suffer severe normal tissue toxicity due to high

intrinsic radiosensitivity. While acute radiation side-effects are usually

healed, the late adverse effects can be deemed more critical due to their

persistent and often progressive nature and can produce severe and

debilitating effects that can be fatal. Accordingly, the doses prescribed in

current practice are largely based on the clinically determined tolerance of

the normal tissues in the radiation field, and have evolved empirically to

limit the proportion of patients who will suffer severe adverse reactions to

about 1–5% of cases. Identification of radiosensitive individuals prior to

commencing radiotherapy is essential for the development of personal-

ized treatment in radiation oncology. Presently, radiosensitivity can only

be predicted for the very small number of patients who have one of the rare

phenotypic syndromes associated with mutations in DNA repair genes. A

long-standing goal in radiation oncology is to identify markers that enable

the prediction of individuals who are radiosensitive but do not exhibit a

syndromic phenotype, so that therapy can be tailored to each patient.

Several methodologies have been applied to develop functional assays

based on measurements of in-vitro radiation response to predict clinical

response. Chromosomal aberrations and clonogenic survival are the

classical, most reliable endpoints to predict cellular radiosensitivity.

However, they are not suitable for routine clinical use - they are time-

consuming relative to the general urgency to commence radiotherapy.

Numerous recent publications tested the gamma-H2AX assay as an

attractive predictive functional assay that could identify highly

radiosensitive individuals. There is a major discrepancy in these reports,

however, no attempt has been done to analyse the causes of this dis-

crepancy. Very rarely statistical criteria and the predictive power of the

functional assays have been analysed. I will compare currently available

functional assays that could be suitable for a large prospective evaluation

of radiosensitivity in patients prior to commencing radiotherapy.

O001 Voxel-wise association of dose distributions

with urinary toxicity in prostate cancer radiotherapy:

results from the TROG 03.04 RADAR trial

M. Marcello1,2, A. Haworth3, A. Steigler4, A. Kennedy1,
D. J. Joseph1,5, J. W. Denham6, M. A. Ebert1,2
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and Astrophysics, University of Western Australia, Western

Australia, Australia. 3School of Physics, University of Sydney, New

South Wales, Australia. (annette.haworth@sydney.edu.au). 4Prostate
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Introduction The purpose of this study was to utilize high-quality

prostate radiotherapy clinical trial data to identify anatomically-localised

regions where 3D dose-variation is associated with urinary toxicity.

Method The TROG 03.04 RADAR trial (1) tested the impact of duration

ofandrogendeprivationonoutcomesforprostatecancerpatientsreceiving

dose-escalated external beam radiation therapy (EBRT). The trial incor-

porated a plan-review process (2) in which planned 3D dose distributions,

time-to-event data and other relevant subject-specific variables were

recorded. Approximately 680 EBRT RADAR participant dose distribu-

tions were deformably registered onto a single exemplar. From these 680

subjects, 596 and 656 were available for analysis with dysuria and

haematuria endpoints respectively.Voxel-wiseCox regressionmodelling

was used to identify regions where 3D dose-variation was associated with

the above urinary toxicities.These toxicities weredefinedcombiningboth

acute and late presentation.

Results Voxel-wise Cox regression modelling revealed regions where

increases in dose were correlated with urinary toxicity. In particular,

increased dose to the urethra was associated with increased dysuria

(Figure 1) and increased dose to the bladder walls with haematuria.

The results are consistent with proposed pathophysiological effects of

increased radiation dose to these organs. For example, Blaivas et al(3)

have proposed that substantial dose to the urethra can cause stricture

formation, which could be causing irritation during urination, leading

to dysuria presentation in the subject. It must be noted that the cor-

relations are with planned dose and not actual dose.

Conclusion Voxel-wise association identified anatomical regions where

dose variation is correlated with urinary toxicity. These organ sites

become candidates for dose variation sensitivity in regards to urinary

toxicity incidence.
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O002 Clinical translation of linac generated microbeam

radiation therapy (MRT)
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Introduction The periodic high frequency spatial modulation, char-

acteristic of synchrotron microbeam irradiations, can be approximated

using a micro-multileaf collimator in a linac generated 6MV beam.

We have previously reported that this technique achieves 30% more

cytotoxicity than than a uniform field of the same average dose. This

provides an opportunity for the therapeutic advantages of microbeam

radiotherapy (MRT) to be translated into routine clinical practice.

Method Treatment plans were calculated using the Varian EclipseTM plan-

ning system to deliver a prescribed average dose to the PTV either using

uniform fields or spatially modulated fields, where the period of the modu-

lation is 5mm and the beam width 2.5mm. The treatment was delivered on a

Varian NovalisTM TX to cancer cell lines located in a customised CTDI

phantom.Thesurvivalfractionforeachplanandeachcelllinewerecompared.

Results Optimisation of a 7 field prostate plan for modulations with a period

of5mmwaspoorlyachieved.Evenwith ‘fluencepainting’post-optimisation,

the planned peak to valley ratio was compromised. The treatment time to

deliver 3.5Gy with 7 fields was 20 min, significantly longer than the original

singlefieldtreatmenttime(Peng2017).Theseexposureconstraintsimpactthe

cytotoxicity outcomes, with no improvement in cancer cell killing observed.

Conclusion A serious barrier to the clinical translation of this tech-

nique is that treatment planning and delivery systems are not designed

or optimised to deliver periodic modulated radiation fields with high

peak to valley ratio (PVR) and high spatial frequency.

Since our single field exposure invitro studies have yielded such

compelling results with the Varian mMLC, the next step is collabo-

ration with the manufacturer to drive the required software changes.

Acknowledgements We acknowledge The Prostate Cancer Founda-

tion of Australia project grant funding
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O003 A Pre-clinical image-guidance protocol for large

animal radiotherapy studies at the Australian
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Introduction A successful pre-clinical small animal image-guided

synchrotron MRT study has been carried out on the Imaging and

Medical Beamline (IMBL) at the Australian Synchrotron [1]. To date,

all synchrotron radiotherapy studies on IMBL have been carried out

in Hutch 2B; an experimental hutch equipped to deliver sub-mil-

limetre alignment for small animals. The purpose of this study was to

test the feasibility of providing equivalent sub-millimetre treatment

accuracies in Hutch 3B for large animals. The technical challenges of

delivering accurate, image-guided synchrotron radiotherapy in Hutch

3B on IMBL are discussed.

Method The Large Animal Positioning System (LAPS) in Hutch 3B on

IMBL (pictured in Figure 1) was used for positioning a lamb cadaver. A

5x5 cm2 broad-beam field was planned on a diagnostic quality CT scan

in the EclipseTM treatment planning system. An in-house image-guid-

ance program, SyncMRT, was used to align the lamb cadaver to the

treatment plan. Treatment accuracies were verified with film.

Results A lamb cadaver was successfully aligned and treated in

Hutch 3B on IMBL (Figure 2); the treatment was repeated three

times. For each treatment, the entire tumour volume was covered in

the 5x5 cm2 field, thus demonstrating that treatments on large-animals

with modest margins is possible.

Conclusion There are mechanical challenges using LAPS for radio-

therapy purposes; overcoming these require further technical

development. Once fixed, sub-millimetre accuracies for alignment on
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LAPS with large animals will be possible. Hutch 3B is not far away

from satisfying the technical requirements to support a veterinary trial

for image-guided synchrotron radiotherapy.
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Introduction Recent interest in animal radiotherapy of common

household pets (such as dogs or cats) using synchrotron light at the

Australian Synchrotron has necessitated preliminary trials on large ani-

mal cadavers in Hutch 3 of the Imaging and Medical Beamline (IMBL).

The trials include all stages of the treatment delivery process, including

CT simulation, treatment planning, patient positioning, dose delivery,

and dose verification. Treatment planning is facilitated by the Eclipse

treatment planning system (TPS) provided by Varian Medical Systems,

Inc. and a custom Monte Carlo dose calculation algorithm [1].

Method A synchrotron radiation 5x5 cm2 field was planned on a lamb

cadaver CT in Eclipse. The cadaver was positioned on the Syn-

chrotron’s Large Animal Positioning System (LAPS) according to the

plan and treated.

For dose verification, additional plans were produced on Solid

Water� and liquid water tank geometries. Calculated doses were

verified against ionisation chamber measurements for a number of

fields.

Results A planned 5x5cm2 synchrotron radiation field was success-

fully delivered to a mock-tumour target in a large animal cadaver at

Hutch 3 of the IMBL.

Measured doses for single field plans in Solid Water� and liquid water

were all found to agree with dose calculations to within 3%. Larger fields

(produced via re-adjustment of the LAPS position between field frac-

tions) were found to disagree by * 10%. Corrections to the mechanical

motion of the LAPS and further refinements to the algorithm is expected

to bring planned doses for larger fields into agreement.

Conclusion Eclipse has been used to plan synchrotron radiotherapy

fields on a large animal cadaver in Hutch 3 at the Australian Syn-

chrotron’s IMBL. For single fields the plans show excellent

agreement with measurements in water, and, provided that limitations

in the LAPS are addressed, this preliminary study highlights the

feasibility in delivering synchrotron radiotherapy as part of a veteri-

nary trial for live animal patients.
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Introduction The current clinical standard for imaging of myeloma

requires a digital radiographic skeletal survey (DR-SS) [1]. Recently

published literature has suggested that MRI or CT, either as part of FDG

PET/CT or Whole Body CT (WBCT) provides better information in

many patients [2]. Compared to DR-SS, WBCT has relatively high

radiation doses [3], although results have shown improved prognostic

utility and diagnostic accuracy [1, 3, 2]. In this study, we investigated the

effect tin filtration CT has in specific orthopaedic and haematological

applications compared to DR-SS and the overall radiation dose.

Method The SiemensTM Somatom� FORCE CT allows implementation

of tin (Sn) filtration, resulting in shaping of the energy spectrum. By

removal of low energy photons through the use of Sn, patient dosimetry

and image characteristics are dramatically changed from conventional

aluminium only filtration. A qualitative image quality assessment was

performed comparing Sn filtration CT images against DR-SS.

Comparative dose estimates were performed for the current clinical

protocol of DR-SS using PCXMC [4]. Normalised CTDI
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measurements were performed, and from this, a custom scanner

profile was created on ImPACT [5]. Dose estimates were then per-

formed using ImPACT for a ‘‘standard patient’’ using machine

parameters intended for clinical use, including 150 kVp, 0.6 mm of Sn

filtration and 30 reference mAs.

Results Using acquisition protocol and parameters specific to the site

being investigated yielded a DR-SS dose of 0.94 mSv. Based on

standardised patient parameters, the ImPACT dose was calculated to

be 1.0 mSv. Qualitative results show radiographer and radiologist

preference for performing and reviewing a CT series compared to a

DR-SS.

Conclusion Tin filtration, 150 kVp, CT skeletal survey requires

comparable radiation exposure to Digital Radiographic Skeletal Sur-

veys. This study has identified a radiologist preference for Tin filtration

CT with increased clinical outcomes to be further investigated.
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Introduction The first Philips IQon spectral CT scanner in Australia

was installed and commissioned at Gold Coast University Hospital in

May 2018.

The Philips IQon uses a multi-layered ‘‘NanoPanel Prism’’ detector to

simultaneously measure both high and low energy photons, and

interpolates these spectral measurements to attain imaging results

such as monoenergetic images (MonoE), iodine concentration images,

virtual non-contrast images, iodine no water images and effective

atomic number (Zeff) maps.

Method Routine acceptance testing was extended to perform vali-

dation of the spectral results. The validity of MonoE was assessed

using the sensitometry (linearity) section of a Catphan600. The

accuracy of Zeff maps were validated using the same sensitometry

section of the Catphan, in conjunction with a radiotherapy Electron

Density phantom with various tissue-equivalent material inserts.

Iodine concentration samples ranging from 0.5 mg/mL to 15 mg/mL

were produced to verify accuracy of results when imaged both in air

and in a phantom.

Results The energy of the monoE reconstruction agreed with the

measured effective energy to within 5% for energies of 40–140 keV

and within 7% for 160–200 keV. The measured Zeff agreed with

reported values to within 5% for 7 inserts and 10% for 2 inserts in the

Catphan, and to within 10% for 7 inserts and 30% for 1 insert (lung

inhale) in the ED phantom. Iodine concentration quantification

(15–0.5 mg/ml) measured at various CTDI, kVp and phantom loca-

tions was underestimated by 20–66%, with the poorest accuracy at

lower iodine concentrations.

O007 A tool to aid protocol naming regularization

across multiple CT scanners

K. P. L. Ewert, P. Ratnakanthan, Z. Brady

Radiology Department, Alfred Health, Melbourne, Australia.

(K.Ewert@alfred.org.au [Presenting author]),

(P.Ratnakanthan@alfred.org.au), (Z.Brady@alfred.org.au)

Introduction The growing adoption of patient dose management

software has increased the data available to medical physicists but

introduces the obstacle of inter-scanner comparisons. In CT, a key

difficulty is the differences in protocol naming across vendors,

facilities, and departments. Data collection and analysis can be made

simpler by standardizing the protocol naming nomenclature across

scanners, and this process can be aided by using a program designed

to aid a user (e.g. supervising radiographers) in creating standard-

ization names and pairing them to protocols on other scanners. This

standardization would also assist in the auditing and comprehension

of the CT protocol parameters [1].

Method A facility wide nomenclature was established that describes

different protocol scanning types, pathologies, and contrast phases.

Exhaustive lists of currently programmed protocol names were

extracted from six CT scanners, and fed into a combined database. A

program was written (VBA and Excel) that takes single protocol

names and prompts the user to select the appropriate scanning fea-

tures and automatically generates names according to the established

nomenclature. These changes are fed back to the database to be

exported and used as a summary of necessary protocol names to be

edited on the modality.

Results Over 1380 idiosyncratic protocol names were examined and

assigned an improved descriptor matching the constraints of the

nomenclature. The consequent regularization of protocol names

across scanners then reduced the sum total of unique protocol names.

Conclusion The regularization of protocol names has improved pro-

tocol recognition for staff working across multiple scanners, with the

potential advantage of avoiding unnecessary patient exposure when

protocol selection errors are made. Additionally, the introduced sys-

tematic naming will in future aid any auditing processes (including dose

surveys) and categorization of patient doses in dose reporting software.
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Introduction It is not common in Australia for diagnostic imaging

medical physicists to work with epidemiologists and statisticians.

However, the pooling of our diverse skills provides an expert team to

investigate the shape of the radiation dose response curve in the low

dose range relevant to diagnostic imaging. In our analysis of low dose

risks from CT scans performed on young people, complex retro-

spective dosimetry was necessary.

Method We used de-identified Medicare records between 1985 and

2005 to create a cohort of 11.6 million young Australians of whom

688,260 had at least one funded CT scan while aged less than 20 years.

Historical data on representative volumetric computed tomography

dose index (CTDIvol) values was obtained from the literature, manu-

facturer manuals, Australian surveys and hospital protocols. A

regression model was developed to predict an input CTDIvol matrix for

each region examined by year of age and by calendar year. This matrix

was input into the National Cancer Institute dosimetry system for CT

(NCICT) [1] using paediatric phantoms to calculate mean organ doses.

Results Except in very young children (\ 5 years) CT use more than

doubled in the study period. Most scans were of the brain or face

(70%). For a single phase head scan the sex- and age-averaged brain

dose was 48 mGy in 1985 (range 33–68 mGy) reducing to 26 mGy

(18–37 mGy) in 2005. Dose to the bone marrow from a head scan in

1985 was approximately 10 mGy, which halved by 2005. Figure 1

shows the dose distribution, including scatter, for three common scans.

Conclusion Collaborative research between different scientific and

medical fields is essential if we are to fully understand and quantify

excess risks caused by ionising radiation from medical imaging.

Undertaking large scale retrospective dosimetry for historical cohorts

is an important part of epidemiological research.
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Introduction For paediatric radiotherapy patients, imaging dose

arising from Computed Tomography (CT) simulation is of concern

given the life expectancy of these patients and the associated relative

risks of secondary induced cancers. In our clinic, paediatric body and

head CT scan protocols utilise the Filtered Back Projection (FBP)

algorithm.

Method Three Siemens Sinogram Affirmed Iterative Reconstruction

(SAFIRE)[1] algorithm strengths (S2, S3 and S4) were compared with

the clinically standard FBP protocol on a Siemens Definition AS

Open 20 slice CT scanner operating at 120 kVp. In this phantom

study, the image quality metrics (noise and spatial resolution) were

measured using the CATPHAN 600 phantom. Contrast to Noise Ratio

(CNR)[2] was calculated using measurements from the CIRS 62

electron density phantom.

The dose reduction due to SAFIRE was compared against FBP, whilst

maintaining comparable noise level in the CATPHAN water module.

Improvements in image quality were also evaluated by maintaining

the same imaging dose.

Results Image quality (CNR and noise) improved with increasing

SAFIRE strength. There was no change in spatial resolution due to

algorithm choice. The CT number was within ±5 HU agreement with

the corresponding FBP scan. Table 1 shows the maximum dose

reduction achievable with SAFIRE, whilst maintaining the same noise

level as FBP.

Table 1: Dose reduction using SAFIRE
Protocol Settings Dose reduction (%)

Brain 3mm slices with 
smooth body kernel 46

High Definition Brain 0.6mm slices with 
sharp head kernel 46

Cranio-Spinal 2mm slices with 
smooth body kernel 36

Conclusion The SAFIRE algorithm can be used to lower the dose,

while retaining image quality or improving the image quality relative

to the FBP at the same dose.
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Introduction Cone-Beam CT is being increasingly used in routine

radiation therapy for image guidance and adaptive dose assessment.

Iterative reconstruction algorithms have been shown to improve

image quality over FDK while simultaneously reducing dose to

patients. This work explores the use of CERN’s open source TIGRE

toolbox [1] for low dose CBCT reconstruction.

Method CBCT of a Catphan was acquired using head mode (full-fan

half-trajectory) on a Varian TrueBeam. Every second projection

image was used for further processing. Air normalisation, kV output

normalisation and lag correction were applied to the raw projection

data. TIGRE toolbox was implemented in Matlab for image recon-

struction. Conjugate-gradient least-squares (CGLS) algorithm was run

using FDK result as initial estimate. After the first round of recon-

struction, a novel first-order, empirical beam hardening correction

method was implemented. The model decouples the beam hardening

effect from bowtie filter and the imaging object, then compensates for

both and estimates the monochromatic equivalent projections based

on object geometry. CGLS was run a second time with beam hard-

ening corrected projections.

Results Varian reconstruction using 500 projections, FDK and CGLS

reconstruction using 250 projections are compared in figure 1. As the

number of projections decreased, FDK suffered from increased noise

while CGLS achieved similar SNR. Beam hardening correction was

shown to improve HU uniformity and reduce cupping artefact.

Conclusion This work presented the application of an open source

toolbox and an empirical beam hardening correction method for

iterative CBCT reconstruction. Implementation of iterative methods

may lead to significant imaging dose reduction.
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Introduction The use of simulation is common place in clinical

environments for strengthening teamwork and communication as well

as teaching skills based tasks. It is also a useful tool for observing

device usability and highlighting potential issues. In-situ simulation is

particularly good as it allows the medical device to be used in its

typical environment. By minimising or highlighting medical device

usability errors, a much safer clinical space can be created for patients

and staff.

Method In-situ simulations are simulated medical events that occur in

a typical clinical space such as an emergency department trauma bay.

Regular scenarios are run which have learning objectives for clinical

components and can involve the use of real medical devices. Tech-

nical observations of the usability of medical devices are made and

fed back to clinical educators. These observations are based on actual

devices and interactions with it in context to its clinical use.

Results The use of simulation at the Canterbury District Health Board

has found a number of medical devices with usability issues. These

are either inherent device issues or created due to the environment

they are used in. Simulation has highlighted device labelling issues in

some devices creating confusion about proper device use. There have

also been equipment positioning issues creating additional challenges

for clinical procedures such as intubating. Physiological waveforms

on monitors were also found to be different colours in different

clinical areas creating potential confusion of information.

Conclusion In-situ simulation enables safe observations of how

equipment is used in the clinical environment. By highlighting

medical devices usability issues then the issue can be rectified or

training put in place to educate staff in its proper use. Ideally potential

issues would be identified in the procurement process so that medical

device issues are known before large scale deployment throughout the

hospital.

IS03 Visual electrophysiology: an insight into sight

E. Shelva

Sir Charles Gairdner Hospital

Clichéd as ‘the window to the soul’, the eye is compact, compart-

mental, of small volume, and respects the blood-brain barrier. As

such, it offers many unique opportunities for research and advance-

ment in diagnosis and treatment of eye diseases, including high

resolution diagnostic imaging modalities, gene-based therapies and

prosthetic implants. Evaluation of these technologies requires sensi-

tive and reliable measures of visual function.
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Visual electrophysiology is unique in its ability to provide

objective measures of the function of various cell types, metabolic

activity and axonal connections involved in the process of vision. It

utilises highly specialised electrodes which are placed at strategic

sites on or near the eye, or on the scalp, to record electrical activity in

response to specific photic stimulation.

Test protocols such as the electrooculogram, electroretinogram

and visual evoked potential target specific structural elements to

provide important diagnostic information on rod and cone photore-

ceptors, pigment epithelial, bipolar, amacrine and ganglion cells, and

optic nerve pathways. These procedures are applied routinely in sub-

specialty clinics for inherited retinal disease, neuro-ophthalmology,

paediatric ophthalmology, functional visual disturbance, and early

detection of drug-related toxicity. Research applications include

monitoring treatment effects and assessment of ocular safety in

clinical drug trials.

The eloquence of visual electrophysiology in determining aeti-

ology of eye disease, measuring its progression and evaluating

response to treatment speaks for itself.

We would like to acknowledge the dedication and generosity of

ophthalmologists, Drs Douglas Candy, Jane Khan and Steve Colley

who have devoted years of their own time to report on the hundreds of

patients annually, with no financial benefit whatsoever to themselves.
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Introduction Intra-operative transoesophageal echocardiograpy (IO-

TOE) contributes to improved outcomes for patients undergoing valve

related surgery, however, debate continues concerning it’s benefit in

non-valve cases. In this study we evaluate a single site experience

with IO-TOE in cardiac surgery.

Methods Data for 4116 cardiac surgery procedures, comprising 1584

isolated Coronary Artery Bypass Graft (CABG): 1687 Valve Only,

712 CABG?Valve and 133 Other Cardiac procedures performed

between Nov-08 and Dec-17 were analysed. Propensity score based

analysis was used to quantitatively assess the impact of IO-TOE on a

range of acute peri- and post-operative process measures and out-

comes including major adverse cardiac and cerebrovascular events

(MACCE).

Results Use of IO-TOE was associated with a ‘transient’ increase in

bypass duration; however, there was no discernible increase in the

major negative consequences linked to prolonged time on bypass.

Although an increase in intraoperative variations was noted this was

potentially linked to improved detection with IO-TOE. Knowledge

of these findings did not translate to improved outcomes. Across all

surgery types, IO-TOE was linked to increased adverse events such

as pulmonary complications (OR 1.5). A similar pattern of outcomes

is shown for isolated CABG cases, although none achieve signifi-

cance. There is no evidence of reduction in MACCE following

CABG involving IO-TOE (OR 1.0). Longer term, there does not

appear to be any survival advantage associated with IO-TOE in

CABG.

Conclusion Expanded use of IO-TOE in CABG is largely argued on

the ability to identify and respond to unexpected findings not evident

during pre-operative assessment or arising during surgery. The quality

of pre-operative workup at the study site may negate any advantage

gained through use of IO-TOE. The outcome of this study questions

the value of routine IO-TOE in CABG.

O12 Supervised machine learning of prostate cancer

in the peripheral zone using multiparametric MRI
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Introduction Multiparametric MRI (mp-MRI) combines anatomical

with different functional techniques to achieve improved accuracy or

tissue characterization and is routinely applied in the study of prostate

cancer [1]. The increased number of images generated during mp-

MRI increases image interpretation time and interpretation difficulty

[2]. Machine learning has the potential to improve the efficiency and

consistency of prostate mp-MRI interpretation and aid the accuracy of

prostate lesion detection and delineation and provide a consistent

response to treatment evaluation [3]. The purpose of this study was to

develop and evaluate a machine learning system for peripheral zone

(PZ) prostate cancer using mp-MRI including T2WI, diffusion

weighted imaging (DWI) and diffusion tensor imaging (DTI).

Method Twelve high-grade prostate cancer patients signed written

consent prior to participating in this study. Cancer and healthy region

of interests (ROI)s were outlined in the peripheral zone (PZ) by a

radiologist. A total of 192 different features were extracted from

within cancer and healthy ROIs from the mp-MRI images. The

dataset was divided into two parts, a training set (10 patients) and

testing set (2 patients). Principle component analysis (PCA) was used

for dimension reduction. A nonlinear support vector machine (SVM)

using a Radial Basis Function (RBF) was used to generate a model for

classifying as either tumour or healthy tissue. The testing data set was

used to validate the optimised classification model and the accuracy,

sensitivity, specificity of the model was measured.

Results The classifier achieved an area under the ROC curve of

0.902. Figure 1 shows an example of machine learning output. The

accuracy, sensitivity and specificity of the model using the testing

data set are summarized in Table 1.
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Table 1. Accuracy, sensitivity, specificity, precession and recall results of RBF-SVM 
classifier for two testing patient dataset.

%Accuracy %Sensitivity %Specificity
test 1 92.9 98.9 87.7
test 2 88.8 91.4 83.7

Conclusion This study demonstrated the ability of T2WI, DWI and

DTI to accurately PZ prostate cancer diagnosis using RBF-SVM. The

output potentially provides valuable tool to aid physicians for prostate

cancer diagnosis.
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Introduction Respiratory Adaptive Computed Tomography

(REACT) system aims to mitigate motion errors which currently

occur in up to 90% of 4DCT images. Errors are caused by inconsistent

patient breathing, and have deleterious effects on tumour delineation

and functional imaging. The REACT system identifies changes to a

patient’s breathing cycle and gates the beam in real-time. This

investigation implements the REACT method on a clinical CT

scanner for the first time and quantifies its effect on reducing imaging

artefacts.

Method Three respiratory traces were simulated on CIRS dynamic

thorax phantom. Phantom motion was detected using the Varian Real-

time Position Management system and fed to our in-house REACT

software. The software detects irregularities in the breathing trace and

prospectively gates CT scans accordingly. Each set of images was

acquired for peak inhale and visually compared to the peak inhale

phase of conventional 4DCT. The total volume difference to the

phantom ground truth was calculated.

Results Image artefacts were visually found in all three conventional

scans. These artefacts were reduced in two of three real-time triggered

images. The total volume error as compared to the phantom ground

truth was reduced by 81% and 27% in two cases and increased by

11% in on case.

Conclusion The REACT, real-time, respiratory-triggered CT method,

was successfully integrated with a clinical CT scanner for the first

time. The results showed a reduction in imaging errors in comparison

to conventional 4DCT techniques, complementing results from pre-

vious in silico studies. This is the first step in introducing patient

specific imaging, creating clearer images for clinical use.
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corrected cone beam CT for adaptive radiotherapy
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Introduction Calculating dose accurately on cone beam CT (CBCT)

is challenging; CBCT intensity-electron density relationship is not

easily established and is dependent on imaging protocol and patient

anatomy. An algorithm that converts CBCT intensities to the same

scale as CT intensities and corrects for shading artefacts is being
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developed in the RayStation (RaySearch Laboratories) treatment

planning system. This Hounsfield Unit (HU) correction tool allows

the use of the CT HU to electron density relationship for CBCT dose

calculations. We report the first results of this technique for prostate

on an anthropomorphic phantom.

Method The pelvis of the phantom was imaged using CT and a total

of six CBCT imaging protocols across two CBCT systems. Images

were imported into RayStation for subsequent analysis. Deformable

registrations between the CT and CBCTs were generated. The pros-

tate, bladder, rectum and left femoral head were contoured on each

image set or propagated from the CT. The HU correction tool was

used to create a corrected CBCT (corr_CBCT). A VMAT plan pre-

scribing 80Gy to the prostate was calculated on the CT, the bulk

density overridden original CBCTs (bd_CBCTs), and the

corr_CBCTs. Voxel-based analysis of the HU distribution and dose

metrics for pelvis structures in the CBCTs were compared to the CT.

Results The absolute differences and standard deviations in the mean

HU for pelvis structures compared to the CT were considerably

smaller on the corr_CBCTs than CBCTs (Table 1). The difference in

CT mean doses ranged from 0.1–2 Gy for bd_CBCT and 0.2-1.5 Gy

for corr_CBCT.

Intensity Difference (HU)

CT - CBCT CT -
corr_CBCT

Prostate -302 ± 172 -11 ± 7
Bladder 237 ± 178 2  ± 2
Rectum -17 ± 122 -10 ± 14
Left Femoral 
Head -359 ± 248 -4 ± 78

Table 1: Average and standard devia�ons of HU differences between 
CT, CBCT, and corr_CBCT for average HU in pelvis structures.

Conclusion The CBCT HU correction tool improved the CBCT HU

agreement with CT for the investigated pelvis structures, irrespective

of imaging protocol or CBCT system. This resulted in a closer mean

dose estimate for pelvis structures. Retrospective investigation on

clinical datasets is underway to further assess the clinical usefulness

of this tool.
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Introduction A Computed Tomography (CT) Number (#) to density

calibration curve is required for radiotherapy treatment planning to

accurately calculate the dose distribution within an anatomical CT

data set. The CT# to density calibration curve is tube energy-de-

pendent and so for simplicity, often only a single kilovoltage-peak

(kVp) tube setting is used for all radiotherapy patient scans.

SIEMENS developed a novel CT reconstruction algorithm known as

DirectDensityTM (DD) that performs a two-material decomposition of

the raw CT images into effective water and bone thickness compo-

nents yielding a DD CT image with CT# values that are independent

of tube voltage [1].

Method CT# to mass-density calibration curves were generated on a

SIEMENS SOMATOM Confidence CT for tube voltages

70–140 kVp. Comparison of CT#s with and without DD were per-

formed for known tissue analogue materials.

To assess dose calculation accuracy of DD CT images for treatment

planning, a CIRS anthropomorphic head and neck phantom was

scanned at 80, 120 and 140 kVp. DD CT data sets were generated for

all energies and compared with a standard 120 kVp ‘control’ scan. A

common VMAT plan was calculated on each CT data set using

Pinnacle3 treatment planning system and dose-volume statistics cal-

culated for a common set of target volumes and organs-at-risk.

Results Experimental DD CT#s showed high correlation to the

expected identity line with an R2[ 0.98 for all energies indicating

energy-independence (Figure 1).

For the VMAT plan, target volume V95% and organ-at-risk mean

dose varied by less than 0.5% between the DD data sets to the control

scan. The image quality of DD CT data sets was non-inferior in terms

of spatial resolution, contrast and uniformity.

Conclusion DirectDensityTM provides options for optimising tube

voltage during CT simulation, whilst maintaining dose calculation

accuracy for radiotherapy treatment planning.
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Introduction The number of patients with metal implants is contin-

ually increasing due to aging population and high success rates of

orthopaedic implants. Metal artefacts pose a constant problem in

Single Energy Computed Tomography (SECT) images used for

radiotherapy. Virtual Monoenergetic (VME) images constructed with

dual energy CT (DECT) scans can be used to reduce beam hardening

artefacts. Dual energy metal artefact reduction (DE-MAR) is com-

pared and combined with iMAR to determine optimal imaging

strategies for patients with metal implants.

Method SECT and DECT scans were performed on a Siemens

Somatom AS-64 Slice CT scanner. Images were acquired of a
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modified CIRS pelvis phantom with a 20mm stainless steel rod and

VME images reconstructed at 100, 120, 140 and 190 keV. These were

post-reconstructed with and without the iMAR algorithm. Artefact

reduction was measured using: 1) the difference in HU with and

without MAR for 4 regions of interest (DHU); 2) the total number of

artefact pixels (Nart), defined as pixels with a difference (between

images with metal rod and without) exceeding a threshold; 3) the

mean pixel intensity difference of the artefact pixels (Iart).

Results
DE-MAR, SECT ? iMAR and DE-MAR ? iMAR were compared.

DHU (relative to SECT) was 19.8% in DE-MAR120keV, 7.6% in

SECT ? iMAR and 8.2% in DE-MAR120keV ? iMAR images. Nart

was lowest for DE-MAR190keV ? iMAR. Iart was lowest for SECT?

iMAR.

Conclusion Both SECT ? iMAR and DE-MAR ? iMAR offer

successful MAR for phantom simulating unilateral hip implant. DE-

MAR gives minimal artefact reduction over iMAR alone. However,

there are limitations in the metrics used which have scope for

improvement.

O17 The most likely path of protons in heterogeneous

media and its application to proton computed
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Introduction Multiple Coulomb scattering (MCS) poses a challenge

in proton CT (pCT) image reconstruction. The assumption of straight

trajectories is replaced with the Bayesian most likely path (MLP).

Current MLP-based pCT reconstruction approaches assume a water

scattering environment. In this work, an MLP formalism taking into

account the inhomogeneous composition of the human body has been

proposed, which is based on the accurate determination of scattering

moments in heterogeneous media.

Method Monte Carlo simulation was used to compare the inhom-

geneous MLP formalism to the homogeneous water approach. An

MLP-Spline-Hybrid method was investigated for improved compu-

tational efficiency and a metric introduced for assessing the accuracy

of MLP estimates. Anatomical materials have been catalogued based

on their relative stopping power (RStP) and relative scattering power

(RScP) and a relationship between these two values was investigated.

Results A bi-linear correlation between RStP and RScP was shown.

When compared to Monte Carlo proton tracks through a water cube

with thick bone inserts using TOPAS, the inhomogeneous formalism

predicted proton paths to within 1.0 mm on average for beams ranging

from 230 to 210 MeV incident energy. The improvement in accuracy

over the conventional MLP ranged from 5% for a 230 MeV beam to

17% for 210 MeV. There was no noticeable gain in accuracy when

predicting 190 MeV proton paths through a more clinically relevant

phantom consisting of 1 cm bone inserts and a 2 cm air cavity.

Implementation of a new MLP-Spline-Hybrid method greatly reduced

computation time while suffering negligible loss of accuracy.

Conclusion An inhomogeneous MLP formalism has been proposed,

which has predicted Monte Carlo proton paths to equal or greater

accuracy than the current water-based formalism. Improvements are

most noticeable at lower beam energies. There is scope to implement

catalogued RScP and RscP into iterative pCT reconstruction.
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Introduction The commissioning of XVI Intrafraction has facilitated

the introduction of breath-hold gated stereotactic body radiotherapy

(SBRT). Intrafraction cone beam CT (CBCT) enables imaging of

patient anatomy during patient VMAT treatment, as opposed to

imaging in-between treatment fields or post treatment. A means of

intrafraction imaging is a pre-requisite for breath-hold SBRT, to

visualise any unpredictable target volume motion associated with

patient breath-hold. Intrafraction CBCT registration results have been

collected and are presented to demonstrate the reproducibility of

patient positioning under breath-hold.

Method Intrafraction CBCTs from several SBRT patients have been

collected. Breath-hold was achieved using the Elekta Automatic

Breathing Control (ABC) system. Planning target volume (PTV)

margins with ABC were 8mm craniocaudally and 5mm radially.

Positional couch shifts were applied if results were out of prescribed

tolerance (2 mm) from a CBCT vs planning CT registration. Average

couch shifts for each breath-hold type (either Deep-inspiration

(DIBH) or End-expiration (EEBH)) are presented here as an indica-

tion of reproducibility.

Results A total of 24 out of 50 fractions had an intrafraction couch

move based off the results from the CBCT during treatment. Average

shifts from intrafraction CBCT was found to be 0.2, 0.1, 0.1 mm for

DIBH and 0.5, 0.1, 0.0 mm for EEBH in the Sup/Inf, Left/Right and

Ant/Post directions respectively. Qualitatively, image quality was

degraded on the intrafraction CBCT from noise introduced by MV

scatter. However, the prescribing RO was satisfied with image quality

in all cases, including visualization of abdominal targets and adjacent

organ-at-risk (OAR).

Conclusion Intrafraction CBCT has been a successful addition to the

SBRT programme and breath-hold with ABC for these patients has

been shown to be reproducible. More patients are now eligible for

SBRT thanks to in-treatment target and OAR visualisation provided

by XVI Intrafraction, coupled with the advantages of using breath-

hold to manage motion.

KS03 Modelling secondary electron emissions

M. Dingfelder, J. Teller, J. L. Shinpaugh

Department of Physics, East Carolina University, USA.

(dingfelderm@ecu.edu [Presenting author]),

(tellerja04@students.ecu.edu), (shinpaughj@ecu.edu)

Introduction Ionizing radiation produces secondary electrons. Gen-

eral radiation transport calculations often neglect these low energy

(below 100 eV) electrons and deposit the energy locally. Only high

energy electrons, often referred to as delta rays, may be considered.

On the other hand, detailed (or event-by-event) track structure sim-

ulations follow all secondary particles until total stopping and rely on

reliable interaction cross sections for these low energy electrons.
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These codes are often used to model the physical and chemical stages

of radiation action with matter and the initial radiation damage to

biological systems. Low-energy electron transport can be tested by

modelling and measuring secondary electron yields from thin con-

densed targets like metal foils or amorphous solid water after proton

impact.

Method The dielectric formalism within the first Born approximation

has been used to calculate inelastic interaction cross sections for

electrons and protons with liquid water, copper, and gold. Transport

models for proton and electron transport have been implemented into

the MC track structure code PARTRAC. Secondary electron emission

yields have been simulated and measured for amorphous solid water

targets frozen on thin copper and gold foils. Different transport

models for bulk and surface transport, as well as geometrical and size

factors have been considered.

Results Simulated secondary electron emission yields for AWS and

copper follow the trends of the experimental data well. Yields for

electron emissions below 50 eV, however, are sensitive to elastic

cross sections and details of the transport model.

Conclusion Low-energy electron transport in condensed media is still

a challenge for detailed track structure simulation codes. Interaction

cross-sections, transport models, and target geometry need to be

adequately and carefully considered.
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O19 4D cellular model of tumour growth, radiation

track structures, DNA damage induction and cell death
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(Eva.Bezak@unisa.edu.au). 2Department of Medical Physics, Royal

Adelaide Hospital, Australia. 3Cancer Research Institute for Health

Research and the School of Health Science, University of South
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Introduction Stochastic radiotherapy models have the potential for

greater accuracy and utility than analytic models. A model was

developed that simulates head and neck squamous cell carcinoma i)

cellular tumour growth with angiogenesis, ii) tumour irradiation with

track structure, iii) induction of DNA damage in cells and iv) cell

survival probability.

Methods 3D ellipsoidal cells containing nuclei occupied randomised,

non-overlapping positions [1, 2]. Cells proliferated amidst a chaotic

network of blood vessels. The cellular geometry was voxelised (2 lm

voxels) and imported into Geant4 [3] for irradiation. Geant4-DNA

was used to simulate direct-type and indirect effects [4, 5]. Water

radiolysis and chemical tracks were simulated along segments of

physical tracks inside nuclei (Figure 1). Direct events (ionisations and

excitations [ 10.79 eV) and hydroxyl radical interactions were spa-

tially clustered in nuclei to predict DNA damage, including double-

stand breaks (DSBs), in a pO2-dependent fashion [6]. Incongruent

DSB ends could misrejoin [7] and misrejoining events could cause

cell death.

1224 cells in a cubic volume (0.2 mm)3 were irradiated by X-rays

from a 6 MV linac. Doses up to 1 Gy were simulated, followed by

DNA damage induction and DSB misrejoining.

Results The mean number of misrejoining events per cell, and thus

cell survival probability, were mostly quadratic with dose up to 1 Gy

(survival a/b * 0.13 under full oxia, * 0 under anoxia). A DSB

yield of 30/Gy/cell and a non-lethal misrejoining probability of 50%

gave an OERDSB of 4.5, SF2 under full oxia of 53% and OER of 4.6.

Conclusion By inference, the linear component of low-LET cell

survival curves may receive a larger contribution from DSB unre-

joining than from misrejoinings between DSBs produced by the same

electron track.
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O20 New theoretical atomic radiation library

for medical applications
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(andrew.stuchbery@anu.edu.au). 2Department of Oncology, Oxford

University, Oxford, United Kingdom. (boon.lee@oncology.ox.ac.uk)

Introduction Unstable atomic nuclei release excess energy through

various radioactive decay processes by emitting neutrons, alpha- and

beta-particles or electromagnetic radiation. In some cases, including

internal conversion and electron capture, the atom remains ionised

after the nuclear decay event. Atomic relaxation occurs rapidly by the

emission of X-rays and Auger electrons.

While these atomic radiations usually only carry a fraction of the

available nuclear decay energy, because of their high cross section to

interact with matter, they are important for nuclear dosimetry. Since
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the early 70s, when the use of Auger electrons for cancer therapy was

first suggested by Bloomer and Adelstein [1], considerable advances

have been made in understanding the radiobiological effect of low-

energy electrons. In contrast to nuclear radiations, the experimental

data on low-energy atomic radiations are scarce, therefore in most

cases, theoretical transition energies and rates are used to evaluate the

absorbed energy dose. Unfortunately, these calculations are based on

several very different physical assumptions and approximations

resulting very different emission rates [2].

Method Recently, we have proposed an Auger-cascade model [2, 3]

to provide more realistic theoretical descriptions of atomic radiations

after nuclear decay. The model is based on a full Monte Carlo

approach to treat the stochastic nature of the creation of the initial

vacancy in the nuclear decay process and the subsequent propagation

of vacancies.

Results To achieve reasonable accuracy, a large number of decays

need to be calculated. To reduce the CPU time drastically we are have

developing a new data base, which will contain pre-calculated atomic

radiation spectra for Z = 6–100 systems for each initial vacancy

location, thus allowing quick evaluation of the full energy spectrum.

The new model calculations have been successfully tested in evalu-

ating dose point kernels and S values for commonly used

radioisotopes [4].

Conclusion In comparison to (MIRD) RADTAB the new library

offers a more detailed and realistic emission spectra of atomic radi-

ations from nuclear decay, which could improve the accuracy of the

nuclear dosimetry calculations for Auger electrons.
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Introduction Glioblastoma (GBM) tumours are notorious for high

fatality rate. Proton-Boron-Fusion Therapy (PBFT) is based on proton

fusion reaction with labelled 11B in a tumour (Boron Uptake Region

(BUR)). The reaction results in a compound nucleus 12C which splits

into three a-particles. Primary advantages of PBFT are: (1) emission

of three high LET a-particles, achieving good therapeutic outcome; 2)

proton beams are relatively easy to produce. The purpose of this work

is to develop a Geant4 Monte Carlo (MC) model for use in PBFT,

demonstrate the accuracy and reliability of the Geant4 proton inter-

action models and investigate the feasibility of PBFT for potential

application in radiotherapy of GBM.

Methods The GEANT4 (v. 10.04) GBM-PBFT model was designed

as a cylindrical phantom with 16cm diameter and 10cm height and

irradiated with monoenergetic proton beam with energies 80, 90 and

100 MeV at 50cm distance from water surface. Percentage depth dose

curves (PDDs) were calculated in water and boron phantoms to test

the accuracy of Columbic and nuclear stopping powers via range

calculations in water and boron, respectively. PDDs were also cal-

culated with BUR inserted at several depths in the phantom to

examine the change in the intensity of Bragg-peak. The results were

validated against SRIM software and IAEA EXFOR.

Results The accuracy of Geant4 physics model (QGSP_BIC_AllHP)

to model proton fusion reaction was validated. Although insertion of

11B increased the energy deposited within BUR, the absorbed dose

was found lower than that in water. The increase in energy deposited

is due to PBFT reaction as well as increased electronic stopping

power in boron. However, the PBFT cross-section for protons in the

Bragg-peak itself (* 0.5 MeV) is too low to increase the intensity of

the absorbed dose.

Conclusion These in-silico results suggest that PBFT may not be

useful for treatment of GBM.

O22 Validation of Monte Carlo imaging beam data

from a TrueBeam x-ray imaging system

L. A. Gilling1,2, O. Ali2, S. Marsh1

1Department of Physics and Astronomy, University of Canterbury,

New Zealand. (luke.gilling@waikatodhb.health.ac.nz [Presenting

author]), (steven.marsh@canterbury.ac.nz). 2Onocology Department,

Waikato Hospital, Hamilton, New Zealand.

(omer.ali@waikatodhb.health.nz)

Introduction Concomitant dose from CBCT-based image guided

radiotherapy has become an increasingly active area of research due

to the potential increase in secondary cancer risk over a complete

course of radiotherapy. A variety of deficiencies exist in quantifying

kV dose in current treatment planning systems. This work has

therefore attempted to simulate TrueBeam x-ray imaging system (XI)

beam data using the GATE simulation toolkit for the purpose of

radiotherapy treatment planning.

Method The GATE simulation toolkit (version 8.1) was used to

simulate the x-ray source, geometry and physics involved in the

operation of the XI source arm. The x-ray source was modelled from

simulated spectral data (Figure 1). To validate the relative dose dis-

tribution from the model, depth dose and profile curves simulated in

water were compared to physical measurements made with ion

chambers and radiochromic film. Due to restrictions in radiochromic

film size, validation measurements using this dosimeter type were

performed in 10 9 10 cm field sizes.

Results Analysis of the water phantom simulations showed good

agreement with physical measurements. GATE and ion chamber

results agree to within 5% up to a depth of 150 mm (Figure 2).

Australasian Physical & Engineering Sciences in Medicine (2019) 42:285–401 297

123



Conclusion The results of this study represent an independent vali-

dation of imaging beam data using the GATE toolkit for the XI

system. Results from water phantoms show good agreement with

physical measurements within an accuracy of ± 5%. These prelimi-

nary results show GATE can be an effective toolkit in estimating

effective dose from CBCT imaging during RT.
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O23 Monte Carlo verification of radiotherapy

treatment plans: Vancouver Island Centre experience

S. F. Zavgorodni

BC Cancer Agency, Vancouver Island Centre, Victoria, Canada.

(szavgorodni@bccancer.bc.ca [Presenting author])

Introduction Independent verification of treatment planning dose

calculations is an essential part of radiotherapy quality assurance

program. As of August 2015 our department implemented Monte

Carlo (MC) based verification of VMAT and IMRT as well as

complex conformal plans.

Method Vancouver Island MC system [1, 2] is used for routine

verification of clinical VMAT / IMRT and conformal plans. ‘‘Quick

MC’’ option within the system includes ‘‘Fast Jaw Tracking’’ (FAJT)

[3] combined with VCU particle DMLC [4] models for particle

transport through the linac head. VMC?? code is used for particle

transport through the phantom produced from patient CT dataset. MC

simulation times are of the order of 5–10 min for majority of cases.

MC dose distribution is imported to the planning system (Eclipse),

compared to AAA dose and kept as a part of the patient record. A

summary of the dose comparison is also written to Excel spreadsheet.

Results Over 2700 plans have been verified using our MC system.

Overall agreement of mean PTV dose between AAA and MC across

all treatment sites was - 0.5% (SD = 1.4%), ranging from - 16.1 to

? 6.6%. Site-specific mean PTV dose agreement for abdomen, breast

& chest-wall, brain, esophagus, head & neck, lung and pelvis was

within ± 1% (SD = 1%). As expected, the worst agreement between

AAA and MC calculations was observed for lung-SABR plans with

mean PTV dose difference of - 3.1%, SD = 2.9%, ranging from

- 16.1 to ? 4.0%.

Conclusion MC verification of the treatment plans has shown to be

efficient and reliable process. It highlighted deficiencies in commer-

cial planning algorithms in the regions of heterogeneity and allowed

to make appropriate corrections.
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O24 Optimisation of CT dose in nuclear medicine

J. Crocker

The Alfred Hospital, Melbourne. (j.crocker@alfred.org.au

[Presenting author])

Introduction The use of CT in nuclear medicine has been steadily

increasing for several years, however until 2017 no national DRLs for

CT use in nuclear medicine had been published. Optimisation of CT

dose with reference to the existing diagnostic CT DRLs was not

considered appropriate as the diagnostic image quality objective is

different to nuclear medicine. It was discovered that nuclear medicine

CT doses at The Alfred were higher than the newly published DRLs

for several scan types.

Method A survey was of current CT parameters used in nuclear

medicine was conducted. Several variations to factors such as slice

thickness, noise index, and the use of iterative reconstruction were

investigated on both an anthropomorphic phantom and a Catphan�.

Proposed changes to settings were then performed in phantom and

approved for clinical use by nuclear medicine physicians. This pro-

cess was repeated iteratively, with a ‘cooling-off’ period between

each adjustment to allow physicians to become accustomed to the

new image appearance in patient scans.

Results Through adjustment of scan settings, CT DLP was reduced in

several scan categories by an average of 50% initially. After
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physicians became accustomed to lower dose scans, they reported no

change in the overall diagnostic quality of hybrid images and in many

cases allowed further CT dose reduction. In some cases CT DLP has

now been reduced by as much as 75%. Physicians who had previously

been accustomed to higher dose scans reported that lower image

quality did not affect the interpretation and utility of the CT as it is

used in nuclear medicine.

Conclusion CT dose in nuclear medicine has been significantly

reduced, and the perception of acceptable image quality has altered

among nuclear medicine physicians. There is additional scope for

dose reduction through adjustment of parameters specific to the

patient or clinical indication.

O25 Problems, pitfalls and solutions in the radiation

safety requirements for a new tertiary children’s

hospital: part II: nuclear medicine facilities

J. Atkinson, S. Crossley, M. McGibbons, T. Rourke, L. Maddox

Medical Technology & Physics, Sir Charles Gairdner Hospital,

Australia. (Janette.Atkinson@health.wa.gov.au [Presenting author])

Introduction The Perth Children’s Hospital (PCH) opened in May–

June 2018. It is Western Australia’s new $1.2 billion dedicated

paediatric hospital and replaces Princess Margaret Hospital. At

EPSM2017, problems and solutions were presented relating to laser

safety, shielding and warning lights. PCH’s design and construc-

tion is complex and radiation safety requirements are not always

understood by those performing the construction. Medical Physics

services commenced towards completion of the hospital and con-

sequently there were multiple radiation safety related problems. In

addition to those previously presented, there were problems with

the plumbing and ventilation for Nuclear Medicine requiring

resolution.

Method PCH has a SPECT/CT and provisions for future use of PET

imaging, but currently there are no facilities to provide radioisotope

therapies at PCH. A delay and decay radioactive waste tank has been

installed for nuclear medicine plumbed waste. In preparation to have

the hospital registered for the use of radioactive substances, the

nuclear medicine facility design and radiation safety requirements

were reviewed with areas of concern identified. Plans to correct non-

compliances were created, reviewed and sent to the regulator for

approval.

Results Non-compliance with requirements included:

• Ventilation drawings showed air exhaust from the nuclear

medicine precinct being recycled to the Medical Imaging

department and did not satisfactorily exhaust to the atmosphere.

• The waste line from the waste tank to the main sewer was joined

by two other waste lines. This line was not labelled as radioactive,

however if the tank auto pumped during weekdays when patient

toilets were in use the waste would need to be considered

radioactive according to the limits from the Western Australian

Radiation Safety (General) Regulations 1983 [1].

Conclusion The ventilation and plumbing problems were ultimately

resolved. If these issues were identified prior to construction correc-

tive measures that impact cost and completion time could have been

prevented.
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Introduction With the rise in nuclear medicine procedures performed

around the world, there is a need to avoid any related accidental or

unintended radiation exposure. Practitioners from all fields of nuclear

medicine met in May 2018 at the International Atomic Energy

Agency (IAEA) in Vienna to discuss how to ensure the safety of

patients, health workers and the public in nuclear medicine. It is

estimated that over 30 million nuclear medicine procedures are per-

formed annually. This represents a new procedure starting every

second somewhere in the world.

Method The aim of the three-day meeting was to share experiences,

learn from past incidents and prepare guidelines on how to avoid

accidents in the future. Discussions focused not only on incidents but

also included near misses, which occur more frequently than

accidents.

Results Describing and categorising incidents is the first step towards

identifying procedures for their prevention. There is a need for sub-

sequent reporting, so that trends can be understood and conclusions

drawn. Accurate and timely reporting is therefore a primary goal and

an important part of the process.

It was proposed that radionuclide therapy be included in Safety in

Radiation Oncology (SAFRON), an integrated voluntary and anony-

mous reporting and learning system covering radiotherapy incidents

and near misses, run by the IAEA and designed to support the sharing

of safety-related information.

Conclusion The meeting highlighted the importance of strengthening

safety culture in nuclear medicine for the prevention of incidents and

accidents. The need to address unsafe conditions by increasing

awareness and alertness, develop comprehensive operating proce-

dures, training and understanding, and clearly defining responsibilities

is paramount.

A report drawing on the results and discussion from the meeting will

be published to give guidance on safety measures and support

national authorities and hospitals in ensuring safety of patients, staff

and the public.

O27 Lessons learnt from a non-standard outpatient

administration of 9.2 GBq of Iodine-131

L. E. Wilkinson

Department of Medical Engineering & Physics, St. Vincent’s Hospital

Melbourne. (luke.wilkinson@svha.org.au [Presenting author])

Introduction A non-standard administration of 9.2 GBq of 131I was

conducted on a hospital outpatient on a semi-rural property who had

low mobility and high care needs. The level of radioactivity admin-

istered exceeded the normally guidance level for outpatient

administrations of 131I by over a factor of ten.

Method Key radiation exposure pathways and legislative issues were

identified and addressed through a collaborative effort from Medical

Physicists, Nuclear Medicine Technologists and the State Regulator.

This included modelling potential radiation exposure to the patient’s

primary carer, consideration of transport of the radioisotope to the

patient property, disposal via the domestic septic system and the pro-

cess of gaining regulatory authorisations to conduct this procedure.
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Results From personal monitoring provided to the primary carer,

carer exposure was measured as being approximately 400

microsieverts from the treatment. Time dependent exposure from

assisting with basic toiletry needs and transporting the patient to and

from the hospital for post-treatment imaging at 96? h are identified

and quantified. Exposure from transporting the patient via car is

estimated as being 6–10 microsieverts per hour of transport for a

patient body burden of approximately 200 MBq of 131I. Administra-

tive controls minimising access to the septic system and patient were

also required to minimise potential exposure.

Conclusion Outpatient administrations of large quantities of 131I can

be undertaken but to do this the patient/carer have to meet criteria

regarding level of knowledge and compliance that can be expected of

the patient/carer team. Additionally to do this a range of specialised

equipment has to be provided to the carer and specialised documen-

tation/procedures addressing a range of potential medical and

domestic emergencies has to be provided to the carer and state reg-

ulatory body.

O28 Assessing amount of radioactive effluents

from nuclear medicine procedures released to public

sewerage

J.-H. Kim1,2, J. Burrage1,2

1Medical Engineering & Physics, Royal Perth Hospital.

(Jung-Ha.Kim@health.wa.gov.au [Presenting author]),

(John.Burrage@health.wa.gov.au). 2Clinical Physics, Fiona Stanley

Hospital

Introduction A major hospital in WA, performing more than 7000

nuclear medicine exams per year, was recently assessed in terms of its

annual discharge of radioactivity into the sewer. It was of importance

to estimate this in order to ensure its compliance to the regulatory

requirement1, in an absence of the means of directly measuring the

radioactive discharges, or holding tanks.

Method Total administered activity was determined by combining

annual statistics of all nuclear medicine exams with protocol

information, including the type of radiopharmaceutical, adminis-

tered activity, post-injection scanning time and the requirements of

voiding for the scan. Biological half-lives of radiopharmaceuticals

were directly referenced or calculated from data in the literature (i.e.

ICRP publications2–3, or other sources4–10), and used to estimate the

amount of radioactivity discharged to public sewer. To simplify the

calculation, several assumptions were made in determining the

probability of the patient voiding at the department. A measure of

the total annual discharged radioactivity defined in the Regulations

as the ‘‘score’’ was calculated as the sum of the radioactivity from

various radioisotopes weighted by their exempt quantities provided

in the Regulations1.

Results Table 1 shows the estimated annual score of total radioac-

tivity discharged to public sewer from FSH, which is about 40 times

higher than the allowable WA limit set out in the Regulations1 (100

000).

Conclusion The results suggest that the radioactivity from the hos-

pital exceeded the regulatory limit. Due to the relatively short half life

of the radioisotopes, a temporary exemption was granted while a

review of the existing regulations is performed. Aside from checking

regulatory compliance, the exercise also indicated the importance of

considering mitigating strategies, such as delay tanks, when planning

for larger institutions, since the total annual radioactive discharge

may be significant.
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Introduction Iodine-131 is used to treat several diseases, including

hyperthyroidism (400–600 MBq, NaI), thyroid cancer (1–7 GBq,

NaI) and neuroendocrine tumours (6–20 GBq, mIBG). Patients who

are treated with more than 600 MBq I-131 are usually isolated from

the general public as inpatients during their therapy. Additionally,

patients have restrictions on their activities for several days after they

have reached the discharge limit [1]. Unfortunately, sometimes cir-

cumstances do not allow patient contact to be restricted to radiation

workers, for example when patients need unexpected medical inter-

vention, or planned treatments for existing conditions.
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Method During several unusual I-131 cases, efforts were made to

minimise radiation doses, and measure them where possible. Non-

radiation worker staff and the patients’ family members were given

radiation safety advice to help keep their doses as low as reasonably

achievable, and reassure them about treating radioactive patients.

Res ults Several unusual patients are discussed, including:

• A seizure due to hyponatraemia;

• Atrial fibrillation requiring High Dependency Unit admission;

• A possible emergency hip replacement;

• Patients requiring dialysis;

• Paediatric patients with complex needs;

• Patients with extremely slow clearance rates due to extensive

metastases

Conclusion The radiation doses to radiation workers, non-radiation

worker staff, and family members were managed. As the population

increases and ages, and more patients with comorbidities are treated,

we expect these unusual cases to become more frequent.
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Introduction In recent decades, there has been a rapid growth in

published knowledge of small field dosimetry, culminating in the

November 2017 publication of the IAEA’s small field dosimetry pro-

tocol, TRS-483 [1]. In addition to absolute dosimetry guidance, the

protocol provides recommendations for the performance of relative

dosimetry measurements, including a carefully curated list of small

field correction factors for use when measuring output factors with

diodes and other small-volume dosimeters [1]. Such correction factors,

or advice to use correction factors, were not included in the older small

field dosimetry protocols (eg. IPEMB report 103 [2]) that may have

been used by treatment planning system vendors to generate data that is

still used to evaluate user measurements (eg. Brainlab iPlan/Elements)

or pre-populate the treatment planning system (eg. Elekta GamaKnife).

Method A set of output factors (total scatter factors) were measured

for HD-MLC-defined fields produced by a Varian Truebeam STx

linac, operating in 6 MV and 6 MV FFF modes. The small field

measurements were set up using an established method [3], completed

using a PTW 60017 unshielded diode and daisy-chained with an

Exradin A16 micro-ionisation chamber which was used for all mea-

surements in larger fields. Result with and without corrections for diode

over-response were compared with Brainlab reference data and further

verified using radiochromic film measurements in liquid water.

Results Measurement results for fields larger than 1 9 1 cm2, where

the required correction factors are close to or equal to unity, fell within

the vendor’s range of recommended values. The measurement results for

the smallest field, 0.5 9 0.5 cm2, agreed with the vendor’s reference data

only when the diode over-response factor was not used, suggesting that

the vendor’s data was produced with reference to an older dosimetry

protocol. Film results confirmed the corrected diode measurements.

Conclusion Whether vendor reference data is produced by uncor-

rected diode measurements, Monte Carlo simulations benchmarked

against uncorrected diode measurements, or other sources, uncritical

reliance on vendor-recommended small field output factor data pro-

duced before November 2017 has become questionable, in this post-

TRS-483 world.

References

1. International Atomic Energy Agency. Dosimetry of Small Static

Fields Used in External Beam Radiotherapy, an International

Code of Practice for Reference and Relative Dose Determination.

IAEA Technical Reports Series No. 483. Vienna (2017)

2. Aspradakis MM, Byrne JP, Palmans H, et al. IPEM Report 103:

Small field MV photon dosimetry (2010)

3. Kairn T, Charles PH, Cranmer-Sargison G, et al. Clinical use of

diodes and micro-chamber to obtain accurate small field output

factor measurements. Australas. Phys. Eng. Sci. Med. 38: 357–367

(2015)

O31 Implementing the newly released IAEA TRS-483

code of practice for Small Field dosimetry

J. E. Morales1, R. Hill2, J. V. Trapp3

1Department of Radiation Oncology, Chris O’Brien Lifehouse,

Australia and School of Chemistry, Physics and Mechanical

Engineering, Queensland University of Technology, Australia.

(johnny.morales@lh.org.au [Presenting author]). 2Department

of Radiation Oncology, Chris O’Brien Lifehouse, Australia

and Institute of Medical Physics, School of Physics, University

of Sydney. (robin.hill@lh.org.au). 3School of Chemistry, Physics

and Mechanical Engineering, Queensland University of Technology,

Australia. (j.trapp@qut.edu.au)

Introduction There has been extensive research in small field

dosimetry and to date, several passive detectors such as radiochromic

film and TLDs have been proposed as reference dosimeters. Recently

the IAEA published the TRS-483 code of practice (COP) for small

fields and includes published correction factors for a range of detectors,

beam energies and field sizes. This work provides an analysis of the

suitability of these correction factors a range of dosimeters.

Method All measurements were performed on a Varian Trilogy linear

accelerator using the 6 MV SRS X-ray beam mode. The field sizes

investigated ranged from 5 9 5 mm2 to 40 9 40 mm2 as defined at the

isocentre using the 2.5 mm width MLCs. The detectors used were a

PTW Diode E, an IBA SRS diode, a PTW Diamond and PTW

microDiamond detector. The methodology in the TRS-483 COP was

followed by which the uncorrected dose readings were corrected using

the published k correction factors for the specific detector and field size.

Results The table below shows the field output factors obtained when

corrections were applied. The total measurement uncertainty using the

ISO GUM technique was determined to be within 1%.

MLC defined Field Size 
(mm2) microDiamond Diamond Diode E IBA SRS

5 0.592 0.605 0.585 0.581
10 0.724 0.724 0.720 0.717
20 0.803 0.797 0.801 0.802
30 0.844 0.835 0.842 0.842
40 0.876 0.868 0.875 0.874

Conclusion It was expected that the final readings would converge to

the same field factor after corrections are applied. However, this is not

case with differences of up to 4% for the 5 mm field size is attributed

to the source data used to calculate the k correction factors and

inappropriate reference detectors. At this stage, it is recommended

verify field output factors with an independent detector which does

not require any correction factor.
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Introduction The first international code of practice for the dosimetry

of small static fields in radiotherapy (IAEA TRS-483) was recently

released. Eleven detectors have been used to determine the field output

factors (OF) for the Elekta stereotactic conical collimator system at the

Australian Radiation Protection and Nuclear Safety Agency

(ARPANSA) following the code of practice to evaluate its consistency.

Method The stereotactic cones had nominal diameters of 5, 7.5, 10,

15 and 50 mm and were attached to the ARPANSA Elekta Synergy

linac (6 MV WFF X-ray beam). Two sets of measurements were

completed from which the average ‘corrected’ (using factors from the

protocol) and ‘uncorrected’ OF values were obtained for the fol-

lowing detectors; PTW diodes; SRS 60018, electron 60017 and

photon 60016, ionisation chambers; Pinpoint 31014, Pinpoint 3D

31016, and micro-diamond 60019 (x3) and the Wellhöfer/IBA diodes;

EFD and PFD and CC04 ionisation chamber.

Results The corrected OF values showed good agreement between all

detectors and cone sizes. Comparisons relative to the Micro-diamond

detector (Figures 1 a & b) gave a maximum difference of 2.3 % (SRS

diode, 5 mm cone) (Figure 1b), which was -3.2 % for the uncorrected

OF. In all other cases the corrected OF values differed by\ 1.8 %.

For the uncorrected OF values, the maximum difference was 4.0 %

(PFD diode, 15 mm cone, relative to the Micro-diamond as shown in

Figure 1a), which reduced to 1.2 % when corrected. Further analysis

of all the detectors and cone sizes used showed a relative standard

deviation (RSD) of B 0.85 % (corrected) and B 1.7 % (uncorrected),

and for the estimated standard deviation of the mean (ESDM) B 0.3

% (corrected) and B 0.6 % (uncorrected).
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Figure 1 a & b: The OFs for the detectors investigated relative to the Micro-diamond, uncorrected 
(a), and corrected (b).

Conclusion Using the methods and correction factors detailed in the

IAEA TRS-483 protocol, good agreement for the corrected OF was

obtained for all eleven detectors investigated.
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Introduction Radiotherapy treatment planning systems and inde-

pendent dose checking software require measured tissue-maximum

ratio (TMR) and/or percentage depth dose (PDD) profiles as part of

the beam configuration data that is used to calculate dose. For systems

that are used to for stereotactic radiosurgery (SRS) treatments of

small cranial lesions, beam configuration must include accurate

measurements in small radiation fields [1]. Small field TMR or PDD

measurements can be obtained using small-field-suitable dosimeters

such as diodes [2]. The aim of this study was to evaluate whether

accurate TMR or PDD measurements might also be obtained using

relatively large volume ionisation chambers that are otherwise

unsuitable for small field measurements.

Method PDDs and TMRs were measured for a 1 9 1 cm2 MLC-

collimated field from an Elekta linac using an IBA BluePhantom 3D

water tank with dosimeters of different active volumes, listed in

table 1. The PDD measurement procedure followed published rec-

ommendations [2], and the diode measurements were regarded as the

‘‘gold standard’’ for comparisons.

Table 1. Dosimeters used for PDD and TMR measurements
Detector Active Volume (cc)
PTW diode E, 60017 0.00003
PTW diode SRS, 60018 0.0003
Exradin A16 chamber 0.007
PTW Semiflex, 31010 0.125
PTW farmer, 30013 0.6

Results The area of the radiation field at the depth of the dosimeter

varied between 1 9 1 cm2 and 1.3 9 1.3 cm2 during each PDD

measurement, but remained very close to 1 9 1 cm2 during each TPR

measurement. The resulting differences in the amount of phantom

scatter reaching each dosimeter during each measurement led to

important differences and similarities between the dosimeter mea-

surements. The largest disagreement in PDD profiles existed between

diode and Farmer chamber measurements with a mean difference of

11% beyond maximum dose depth. However, diode and Farmer

chamber TPR measurements at the same range of depths differed by a

mean of only 0.5%.

Conclusion While the uncritical use of ionisation chambers for small

field dosimetry is entirely inadvisable, the geometry of TPR mea-

surements may allow accurate measurement data to be obtained using

dosimeters that are unsuitable for other small field applications.
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Introduction ACDS level Ib audit includes a field trial on small field

output factors. This is a fundamental component which contributes in

the results of higher level audits where small fields are measured such

as SABR audit.

Method Measurements are done at facility SSD and depth. ACDS

measures 6MV and 6FFF output factors (OF) as a direct ratio to

10x10 cm2 reference field with a PTW microdiamond (model 60019).

Detector dependent small field correction factors (k
fclin ;fmsr

Qclin ;Qmsr
) are

sourced from TRS483 table 26 to correct ACDS OF measurements

(1). Facility states which detector they have used and whether or not

k
fclin ;fmsr

Qclin ;Qmsr
has been applied. The percentage difference between the

facility stated and ACDS measured OF is calculated.

Results Figure 1 shows audit results where the facility has not cor-

rected for k
fclin;fmsr

Qclin ;Qmsr
and figure 2 shows audit results where the facility

results have been corrected. At very small field 0.5 9 0.5 cm2, the

discrepancy between ACDS and facilities reduces from 5.7% ± 1.2%

to 0.6% ± 1.2% when the OF is corrected. At 1 9 1 cm2, applying

k
fclin ;fmsr

Qclin ;Qmsr
reduces the standard deviation of data from 2.9 to 1.6%. At

larger field sizes no significant change in discrepancy between ACDS

measured output factors and the facility stated values is observed.

Similarity of results for 6MV flat and 6FFF is noticed. Overall dis-

crepancy between ACDS and facility output factors decreases with

k
fclin ;fmsr

Qclin ;Qmsr
corrections applied.

Figure 1: the results from small field audit. Only ACDS OF is corrected for K
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Figure 2: the results from small field audit. The Facility OF corrected for K
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Conclusion ACDS level Ib small field trail is still being developed

and needs more data on all field sizes in order to assess consistency of

output factor measurements all over Australia. Early indications are

that applying TRS483 improves consistency of small field output

factors.
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Introduction Stereotactic radiosurgery (SRS) is now becoming the

standard of care in the treatment of patients with multiple brain

metastases. Furthermore, the role of SRS has recently expanded to

include the treatment of multiple cranial metastases with a single

isocentre (MTSI) using multi-leaf collimators (MLCs). The aim of

this project was to design and manufacture a cost-effective end-to-end

(E2E) phantom for quantifying the geometric and dosimetric accuracy

of our MLC based SRS technique

Method A Perspex Multi-Plug device from a Sun Nuclear ArcCheck

phantom (Sun Nuclear, Melbourne, Florida) was enhanced to make it

more applicable for MTSI SRS E2E testing. All steps in the SRS

chain were analysed using the phantom, from magnetic resonance

imaging (MRI) distortion and MRI-CT image registration accuracy,

through to quantifying the dosimetric accuracy of the plan using

radiochromic film and an ionization chamber, and the coincidence of

linear accelerator MV/kV isocentres using Winston-Lutz testing

(WLT).

Results The dedicated E2E phantom successfully quantified the

geometric and dosimetric accuracy of the MTSI SRS technique at our

centre. MRI distortions were less than 0.5 mm, and the average MRI-

CT registration accuracy was within 0.4 mm. Point dose measure-

ments were within 5% and comparison of planar film doses to the
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planning system dose distributions, performed using gamma analysis,

resulted in pass rates greater than 97% (4%/1mm gamma criteria).

WLT showed MV/kV coincidence to be within 0.6 mm on central

axis and within 1 mm for off-axis distances up to 60 mm.

Conclusion A novel, versatile and cost-effective phantom for com-

prehensive E2E testing of MTSI SRS treatments was developed,

incorporating multiple detector types and fiducial markers. The

phantom is capable of quantifying the accuracy of each step in the

MTSI SRS planning and treatment process.
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In medicine, bone sometimes needs to be surgically removed. The

replacement can be a piece of bone transplanted from another part of

the body or a metal implant such as titanium. Substituting bone from

other parts of the body disadvantages the patient by opening a new

surgical site. Metal implants such as titanium, although having

favourable properties, are not mechanically compatible with tissue.

Furthermore, radiotherapy patients may receive enhanced radiation

doses at the implant-tissue interface, leading to further complications.

The aim of this project is to create a 3D printed scaffold to tem-

porarily support the region of interest while bone regrows and

mineralises around and within the scaffold. Predicting the elastic

properties of additively manufactured (3D printed) objects is essential

for applications that require specific mechanical properties such as the

mandible or the femur. Some applications require objects that possess

high mechanical rigidity and strength for one type of applied stress,

but may not have a specific requirement for another applied stress.

We report on the feasibility of using PEEK as a material for con-

structing the scaffold. The structural implants must possess high

linear elastic moduli and strength for the relevant stress. The sym-

metry of the object’s microstructure is used to determine how many

independent quantities are required to predict the linear elastic

response of a body. We perform this analysis on our PEEK scaffold

and show that it can be described as a cylindrically isotropic structure

with 6 independent constants. We confirm by testing with an

INSTRON machine that our 3D printed PEEK scaffold has much

higher strength than the same structure printed in ABS. We also show

that the PEEK structure recruits bone cells better than the ABS,

allowing it to integrate more rapidly and gain additional strength from

the biologically produced material.
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Introduction Confirmed to be the 1st breathing phantom with

expandable chest and deformable organs, the dynamic phantom,

ChestPhan4D is being continuously developed by Australian institu-

tions, following its recognition of winning the ACPSEM David

Robinson Innovation Award 2016 and securing IP protection globally.

This paper describes the development process of an inventive medical

device.

Method Through collaboration between a leading design firm and an

artistic crafting workshop under government financial support, the

dynamic phantom was architecturally designed as an electro-me-

chanical, computer-driven and remote-controlled device by a

Melbourne based designer. Deformable organs included in the

phantom, e.g. heart, lung and breasts were digitally modelled and

artistically fabricated by craft-and-design engineers. 3D printing

technology was employed to produce the human-like heart with great

detail. Clinical validation for functions and features of the phantom

were conducted on CT and 4DCT in clinical environment. An

advanced prototype was constructed and can be used for clinical

research purposes.

Results The phantom can produce chest expansion and contraction,

the skin and breast are deformable, the heart and lung behave alike to

human movement when simulating free-breathing and DIBH modes.

Built-in fiducial marks and tumour structures can represent and thus

simulate the clinical targets in SBRT and DIBH treatment process,

hence the phantom, ChestPhan4D can be used as an end-to-end pre-

clinical verification before real treatment for SBRT of lung cancer and

DIBH of left breast cancer.

Conclusion A clinical orientated purposely-built dynamic phantom

has been built and is available for clinical research and training

projects. With continued improvement, this Australian invention and

design will be commercialized and can clinically benefit many

patients by undertaking advanced radiotherapy treatment with higher

standards globally.
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Introduction An open split-bore magnet MRI was developed for an

MRI guided radiotherapy system MRI-Linac. Since the unique design

of the magnet, the acoustic noise level due to the gradient pulsing

during the scan is unknown. This work measured the acoustic noise of
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the scan from the open split-bore magnet in comparison with a con-

ventional close bore magnet MRI.

Method To measure the acoustic noise level, a sound level meter

(Extech 407730) was setup at various test positions while a series of

pulse sequences were scanned and the maximum sound level was

recorded accordingly. The acoustic noise was measure at the fol-

lowing positions, the bore entry of a conventional MRI (Siemens

Skyra 3.0T).

• the control room of the 3T MRI

• the gap between the two halves of the open split-bore magnet

(Agilent 1.0T)

• in the bunker but outside the RF cage inline and perpendicular to

the magnet bore direction

Results The measurement results are listed below, all measurements

in dB(A) using the ‘A’ weighting for human ear response.

EPI 98 6400 104.6 55.1
Pre-scan 105.0
ASL (EPI) 13 2800 107.7 57.4

Table 1. Results of sound pressure level measurements in conventional MRI 3.0T
TE (ms) TR (ms) Bore Control Room

Background 47.3 to 55.9
TSEq (noise 
cancellation)

66.6 53.9

TSE 97 6350 67.6 53.6
PETRA 0.07/3.3 2250 84.5 55.1
FL 4.6 689 97.2 55.6

Table 2. Results of sound pressure level measurements in open split-bore MRI 1.0T
TE 
(ms)

TR 
(ms)

Bore
(dB)

Bunker (side 
panel) (dB)

Bunker 
(inline 
panel) (dB)

Background 64.5 58.6 57.6
TSE 13 3000 82.8 & 97.4-99.6* 58.8 60.8
FL 10 100 87.8 59.5 62.4
TrueFISP 1.9 3.9 107.8 71.1 84.1
*range of values with repeat scans comparing triaxial & sagittal plane and at both gap and bore.

Highlighted values which exceed recommended guidelines for hearing protection.

Conclusion Acoustic materials used in RF cage of 3T reduces the

scan noise to background levels in all cases. Noise cancellation

employed on 3T did not provide any significant reduction. Noise in

MRI-Linac bunker is greater than background level for all scans and

in some cases the noise in the bunker can exceed the noise experi-

enced inside the 3T scanner and hearing protection could be

considered. In conclusion, MRI-Linac is generally noisier than the 3T

scanner and similar maximum levels were recorded for the loudest

sequence.

O39 Investigation of Frequency Domain Near-Infrared

Spectrometry (FD-NIRS) parameters as indicators

of severity for Hypoxic Ischemic Encephalopathy (HIE)

D. E. Forster1, E. Koumoundouros2,3, V. Saxton2, J. Holberton2

1The University of Melbourne, Parkville VIC, Australia.

(danielle.forster@themedicalroom.com [Presenting Author]). 2The

Mercy Hospital for Women, Heidelberg VIC, Australia. 3The

University of Melbourne, Parkville VIC, Australia.

Introduction The severity of Hypoxic-Ischemic Encephalopathy

(HIE) resulting from perinatal asphyxia can be difficult to assess in

the first 72 h whilst infants undergo hypothermia treatment (1).

Current protocol involves an MRI post-cooling to assess brain injury,

which is beyond the window of intervention. Frequency-Domain Near

Infrared Spectrometry (FD-NIRS) allows quantification of oxy- and

deoxy-Haemoglobin (HBO and HBR respectively) (2, 3). Cerebral

oxygenation saturation (rScO2), the ratio of HBO to Total Hae-

moglobin (HBT), HBO and HBR were investigated as indicators of

HIE severity and outcome during hypothermia treatment.

Method HBO and HBR were measured using an OxiplexTS (ISS

Inc). 40 Control infants and 6 HIE infants were recruited from The

Mercy Hospital for Women. Control infants (mean post-natal age 37

(range 1–98) h, gestation 39?3/7 (range 37?6/7–41?4/7) and birth-

weight mean 3414 g (2850–4760 g)) were monitored for 5–10 mins. 6

HIE neonates with mean gestation 39 weeks (range 36?5/7–413/7) and

birthweight 3016 g (range 2440–4230 g) were continuously moni-

tored from admission to the Mercy Hospital for Women to until they

returned to normal temperature (84 hrs).

Results rScO2 was generally higher in the HIE group (as shown in

Fig.1) than to the Controls and this was significantly different in the

time periods of 24–36, 48–60 and 72? h. HBO was significantly

higher in the time period 24–36 h, and HBR significantly lower in the

36–60 h period. In case study analysis of the 6 HIE infants, HBO

concentration was significantly higher (2 infants) and lower (1 infant)

during cooling in the infants with poor outcome at 2 years of age (2

infants) or death (1 infant). Whereas infants with HBO concentrations

significantly similar to the Control group prior to re-warming (3

infants) had normal outcomes at 2 years.

Conclusion Results indicate HBO may be an indicator of the severity

of HIE during hypothermia treatment and therefore warrants further

research.

Acknowledgements All the staff of Mercy Hospital for Women
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Introduction This work provides first insights on determining the

feasibility of fabricating Radiation Dosimetry Phantoms (RDP) using

Gyroid structures as the geometric basis for Additive Manufacture

(AM). Gyroids are triply periodic minimal surfaces and exhibit

unique geometric attributes including the ability to self-tessellate to

fill space while allowing varying relative density.

Current AM literature offers limited guidance and validation in

highlighting the inhomogeneity of AM-RDPs, especially with low

radiopacity. There exist significant opportunities in the quality

assurance of these phantoms pertaining to imaging quality and

treatment planning of the patient.

Methodology Gyroid structures with differing geometric attributes

were 3D-printed using High-Impact Polystyrene. Geometric attributes

varied in the experiment are cell numbers and wall thickness. Com-

puted Tomography (CT) (Philips Big Bore) was applied to acquire

HU using standard medical protocol of 140 kVp at 3 mm slice

thickness. Relative density was evaluated theoretically from the

mathematical Gyroid definition (Fig. 1a). Eclipse treatment-planning

system was then used to determine mean HU for each volume.

Results Samples were successfully manufactured with observed

manufacturing artifacts. However, these artifacts appear to have little

influence on their observed HU. Varying the Gyroid geometric

attributes allows control over the imaged HU. This can be seen with

the linear relationship between increasing relative density and mean

HU (Fig. 2b) from - 900 to- 700, emulating the lung tissue [1]. For

large cell size samples, the Gyroid is visible in the CT image

(Fig. 2a.left). For smaller cell size, the Gyroid is less visible due to

the partial volume effect [2] observed from the low porous sample

(Fig. 2a.right)

Conclusion This research confirms that Gyroid structures provide a

feasible candidate for RDP manufacture, specifically for the lung

tissue’s low varying density. This AM strategy is clinically useful as

the variable structure provides a basis for the manufacture of

anthropomorphic phantoms using available AM technologies.
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Introduction Diffusion weighted imaging (DWI) measures isotropic

water diffusion quantified by the apparent diffusion coefficient

(ADC) and is routinely used in prostate cancer (PC) diagnosis

[1,2,3]. Diffusion tensor imaging (DTI) measures anisotropic water

diffusion and has been extensively used for neural assessment. The

most used quantitative DTI parameters are mean diffusivity (MD)

and fractional anisotropy (FA) [4] however DTI also yields several

parameters that have not been evaluated in the diagnosis of prostate

cancer. In this work, nine DTI parametric maps were generated

based on eigenvalues including: MD, FA, diffusion mode, axial

diffusivity (AD), volume ratio (VR), linear, planar, spherical ani-

sotropy (Cl, Cp and Cs respectively) and radial anisotropy (RA) [5].

The objective of this study was to evaluate and compare the diag-

nostic capability of DWI parameters to DTI parameters in prostate

cancer.

Method Twelve high grade prostate cancer patients signed written

consent prior to participating in this study. Cancer and healthy

region of interests (ROI)s were outlined in the peripheral zone

(PZ) by a radiologist. The sensitivity, specificity of DWI, DTI

using FA?MD and DTI using the total parameter space was

quantitatively evaluated. An area under receiver operating char-

acteristic (ROC) curve was used to evaluate the diagnostic

performance.

Results Quantitative parameters from DWI and DTI for the ROIs and

the corresponding p-values are summarized in Table 1.

Table 1. Mean ± standard deviation of the DWI and DTI quantitative parameters for peripheral zone 
at healthy and cancer region of interests. 
Parameters Healthy Cancer p-value

ADC (×103mm2/sec) 1.52 ± 0.33 1.08 ± 0.17 0.000
MD (×103mm2/sec) 1.45 ± 0.36 0.99 ± 0.25 0.000
FA 0.25 ± 0.08 0.32 ± 0.10 0.002
RA 0.15 ± 0.02 0.17 ± 0.03 0.001
VR 0.88 ± 0.06 0.80 ± 0.07 0.000

0.08 ± 0.01 0.10 ± 0.02 0.000
0.16 ± 0.03 0.20 ± 0.03 0.000
0.77 ± 0.09 0.70 ± 0.07 0.002

Mode 0.03 ± 0.15 0.03 ± 0.16 0.972
AD 1.64 ± 0.26 1.28 ± 0.28 0.000

The diagnostic performance of the quantitative DWI (sensitivity/

specificity = 71.1%/89.4%), DTI using FA and MD (sensitivity/

specificity = 83.1%/76.9%) and DTI using total quantitative

parameters (sensitivity/specificity = 84.2%/88.7%) yielded an area

under the ROC curve of 0.850, 0.834 and 0.865, respectively

(Figure 1).

Conclusion Our results suggest that new DTI parameters improve the

sensitivity, specificity and diagnostic performance of DTI for prostate

cancer diagnosis. However, there was no significant difference

between DWI and DTI using total quantitative parameters

performance.
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KS04 Health device cybersecurity: a rapidly evolving

landscape

T. Cooper

Trusted Solutions Foundry, Inc.

Until recent years, designers and health and medical devices gave

little if any consideration to the security of their devices, let alone the

role they might play in managing the overall cybersecurity of an

organization. This is exacerbated by the fact that many systems run

core operating software that is 5–10 or more years old, with little

support for addressing identified security vulnerabilities. There are

many incidents of ransomware or horizontal attacks that came from a

humble little device sitting in the corner of an exam room, that is

discovered and exploited. This session will provide a brief overview

of the challenges presented by health device cybersecurity, and then

review the standardization and industry efforts to address the prob-

lem, providing guidance for those who are either developing new

products or are struggling with how to manage 10,000’s of devices

deployed both inside a healthcare facility as well as with patients out

in the wild.
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Introduction An international effort is underway to revitalise the role

physicists have in cancer research. Conversely, it is in the interests of

clinical physicists to ensure they participate in and contribute to

cancer research in order to maintain relevance and facilitate achieving

the objectives of the global cancer research mission. Efforts are being

made within the Australasian region to rethink how physicists can

participate in cancer research to greatest effect.

Method A forum on ‘Rethinking Cancer’ prior to the Engineering

and Physical Sciences in Medicine (EPSM) in 2017 focused on:

identifying areas which physicists can contribute to;

• provoking relevant physics research;

• identifying barriers currently impeding physicists contributing to

cancer research;

• engaging the community, stakeholders and collaborators.

Subsequently, concepts have been discussed for ways to address the

issues, appropriately challenge clinical and academic physicists,

adequately prepare and enrich the workforce and generate suit-

able environment and culture.

Results Strategies have been developed that focus on particular issues

and from these strategies a shortlist of action items has been identi-

fied. These actions revolve around the concepts of:

• encouraging inter-disciplinary understanding and scope;

• expanding medical physics’ research horizons;

• developing promotional materials and challenges for the (non-

medical) physics and allied community;

• encouraging inter-disciplinary and community engagement via

EPSM and other meetings.

One highlighted issue is the importance of a clear description of the

medical physics duality – either as a research discipline or clinical

profession. There is also a need to tightly engage with international

medical physics efforts (e.g., AAPM’s Provocative Questions,

Expanding Horizons initiatives).

Conclusion The developed strategies form an ongoing process to

further the role of physicists in cancer research and all stakeholders

are invited to contribute to that process.

Acknowledgements This abstract is submitted on behalf of a large
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KS05 Current advances in clinical radiation biology

aad risk of second cancers following radiation therapy

L. Marcu
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Innovative therapeutic strategies over the last decade have led to

significantly improved survival outcomes among cancer patients.

These new strategies that helped revolutionize our approach to ther-

apy are built not only upon technical advances in the field of medical

physics but also on strong radiobiological foundations that broadened

our understanding of cancer on a molecular level. The latest trends in

radiobiology show a shift from a macrolevel to a microlevel evalu-

ation of tumour properties owing to the increasing interest in a more

personalised treatment approach.

This talk revisits the radiobiological aspects behind radiotherapy

that lead to treatment resistance and failure, covering both traditional

factors as well as novel parameters that influence tumour control. The

modern Rs of radiobiology will be discussed in the context of novel

therapeutic strategies and their impact on clinical practice.

Radiobiological principles also serve in understanding the under-

lying processes behind second cancers that may occur after the

radiotherapy of the primary tumour. The topic of second cancer risk is

highly debated nowadays and undoubtedly there is a large epidemi-

ological evidence supporting this risk. It is becoming critical for

future studies to strengthen epidemiology by including radiobiologi-

cal considerations into the big picture. This talk will also tackle the

factors that impact second cancer risk, viewed from a radiobiological

perspective.

KS06 Future health: Charting the 10-year journey

to the 2028 Olympic Games in Los Angeles

T. Cooper

Trusted Solutions Foundry, Inc.

What an opportunity: The Olympic Games in Southern California in

10 years! Given the uniqueness of the region, none of the usual

‘‘legacy’’ projects fit: no stadiums to build, L.A. already has plenty of

freeways, and because the 1984 games there were profitable, youth

sports programs today are funded by the LA84 Foundation. Consider

the creation of a ‘‘digital health legacy’’—public/private infrastruc-

ture that will support state-of-the-art health, wellness and healthcare

for everyone in the region—resident and visitor—and can be show-

cased during the Games. What might that ‘‘future health’’ state look

like? What of today’s emerging innovative technologies can we

advance into common use? And how will care delivery models be

changed to meet the challenges of this digital health future? Will the

interoperability and standardization issues that have historically held

back widespread implementation and use of digital healthcare tech-

nology, similarly plague integration of a new generation of

knowledge-based technologies integrating IoT, predictive analytics,

AI and machine learning, genomic and proteomic content, etc.? What

architectures should be considered and what role will disruptors play

like Apple, Google, Amazon, Microsoft, and others? This session will

explore these questions and more as a team in Southern California

works to chart a 10-year journey to establish a digital health legacy by

the 2028 Games. How hard can it be? And what could possibly go

wrong?!

O43 Development of a simple method for calculating

breast dose from radio-guided occult lesion localisation

using iodine-125 seeds (ROLLIS)
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Introduction Radio-guided occult lesion localisation using iodine-

125 seeds (ROLLIS) for surgical removal of impalpable breast lesions

has been increasingly used as an alternative to hook-wire localisation.
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This study aims to provide a simple technique to estimate the

absorbed breast dose to patients undergoing the ROLLIS procedure.

Method The transverse plane dose rates as a function of distance of

the I-125 seed (IsoAid, IAI-125A) were obtained from the supplement

to the TG-43U1 [1]. These data were used to calculate the dose rate to

voxels in a breast modelled as a voxelised hemisphere. The dose rate

to each voxel within the breast was calculated using values interpo-

lated from the transverse plane dose rate data set and the radial

distance of each voxel from the seed position. Two scenarios were

simulated: (i) One seed at the centre of lesion; and (ii) Two seeds

bracketing the lesion. As a volume of tissue is excised from the breast

(lesion ? margin), the mean dose to the breast was calculated

excluding this excision volume which is modelled as a sphere with its

centre at the centre of the lesion. Absorbed doses were calculated for

a range of breast and lesion sizes.

Results The calculated post-excision absorbed dose rates to a breast

from the ROLLIS procedure ranged from 0.0097 to 0.0466

mGy�MBq-1 h-1. The post-excision absorbed breast dose depends on

many factors including breast size, lesion size, seed number, seed

activity and the time in situ.

Conclusion The feasibility of using this technique to estimate the

absorbed dose to the breast from ROLLIS procedure has been

demonstrated. Based on clinical data collected, the absorbed dose to

the breast for a typical ROLLIS patient would be approximately 0.3

mGy. Lookup tables were compiled to make absorbed dose to the

breast simpler to evaluate for future ROLLIS patients.
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Introduction Correct delivery of an HDR brachytherapy treatment

can be confirmed with source tracking by comparing measured dwell

positions and times to the plan [1]. Dose metrics derived from the re-

calculated plan can be used to assess the impact of any observed

differences. Understanding the sensitivity of dose metrics to mea-

surement uncertainties in the source tracking system is critical, and

can guide the selection of suitable dosimetric indicators and action

level thresholds.

Method For 10 clinical patient plans, planned dwell positions were

altered by applying random shifts between 1–10 mm per dwell to

simulate a source tracking data-log subject to random (Type A)

uncertainties of various magnitudes. The dose distribution arising

from the new dwell coordinates was calculated with an independent

TG-43-based dose calculation engine. Plan quality dose metrics were

calculated and compared to those of the original plan. Re-calculations

were repeated 10 times for each degree of shift to assess the mean

effect.

Results Plan metrics relating to the PTV (PTV D90, V100%, V150%,

V200%) generally showed insensitivity to random dwell position

shifts up to 5 mm, with D90 and V100% changing from ideal to

acceptable or unacceptable above this. OAR dose metrics showed

greater sensitivity, with the urethra D10 becoming unacceptable from

3–5 mm, depending on initial values. In some plans, steep dose

gradients in or near urethra contour showed that urethral D10 can also

be hyper-sensitive to differences in dose-grid interpolation.

Conclusion Knowledge of the quantitative dependence of plan dose

quality metrics on random uncertainties in source position tracking

should be used to drive the degree of accuracy and precision required

of such systems to meet clinical objectives.

For these prostate plans, the source tracking system should have the

ability to resolve source position to within 3 mm for sensitivity to

urethral D10 constraint.
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O45 A study of longitudinal seed deployment accuracy

for LDR prostate implants using a new transrectal
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Introduction Transrectal ultrasound (TRUS) imaging is useful for

guiding needle insertion and seed strand deployment in LDR prostate

implant procedures, but it can suffer from artefacts and image quality

degradation introduced by the metal needles. Longitudinal errors in

seed deployment can result in an underexposed prostate, overexpo-

sure to the urethra or penile bulb, or seeds accidentally implanted into

the bladder. The objective of this study was to test the longitudinal

accuracy of needle insertion and seed deployment at the Royal

Adelaide Hospital in order to improve LDR prostate implant quality.

Method A new phantom was constructed to simulate implantation

(see Figure 1). The transparent phantom contains a water-filled bal-

loon surrounded by gelatin with a cavity running through its posterior.

The balloon simulates a patient’s bladder and the cavity permits

insertion of a TRUS probe. The user inserts needles into the phantom

via a rubber membrane and deploys seed strands within the gelatin
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under TRUS guidance. The phantom’s lateral faces are precisely

etched at 5 mm intervals for the user to measure longitudinal positions

of strands after deployment. The phantom’s transparency allows the

user to observe etchings on both faces to avoid parallax error. Sim-

ulations of implants using the phantom were first conducted by

physicists and then one of our prostate implant urologists.

Results TRUS images accurately reflected true needle-tip positions

within the QA phantom, with an average deviation of ? 0.5 mm

(where ‘?’ indicates the inferior direction). However, initial seed

deployment results yielded unacceptably high average errors between

deployed and planned strand position of ? 4.1 mm. Subsequent

investigation highlighted a systematic error in the urologist’s

deployment technique. Correcting this technique significantly

improved longitudinal accuracy of strand deployment to an average

error of ? 1.5 mm.

Conclusion The new phantom has proved valuable for assessing and

subsequently improving LDR prostate implant accuracy.

O46 EyeCheck: development of a system for fast QA

of low dose rate brachytherapy eye plaques
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Introduction Ocular melanomas are often treated using LDR

brachytherapy seeds places posteriorly on the eye sclera by the means

of a metallic plaque. Fast and accurate quality assurance (QA) mea-

sures do not exist, with visual inspection by a physicist being common

practice. A novel approach utilising gamma camera imaging tech-

niques with a high resolution Medipix device is presented.

Method The QA system developed consists of a single cone pinhole

tungsten collimator. Situated directly below the pinhole at a variable

distance is a Medipix detector, allowing for adjustment of magnifi-

cation and FoV for varying plaque sizes. A computer algorithm

developed in MATLAB has been designed to provide automatic seed

detection and extraction from the images, as shown in Figure 1. It is

then possible to assess each seeds activity and verify the configuration

within the plaque.

Results Measurements with various plaque sizes, activities (uniform

and non-uniform loading), and miss loading scenarios have been

undertaken. This work has shown the successful development and

application of a system, that when coupled with an algorithm for

performing automatic seed extraction from high resolution images of

eye plaques (of ranging diameters; 12, 14, 16, 18, 20, and 22 mm

COMs plaques), has the capabilities to be used as a complete QA

system for eye plaque verification.

Conclusion It has been demonstrated that it is possible to use a solid

state silicon pixelated detector, Medipix, to perform QA for eye

plaque brachytherapy. An algorithm for automatic seed extraction has

been developed for use with a digital QA system for the developed

system. It is envisaged that further development of the system will

allow for verification of vendor plaques and absolute calibration of

preloaded seeds.
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Introduction During the commissioning of a Leipzig-style applicator

the dose measured at the skin surface and beyond were found to be

systematically greater than predicted by our treatment planning sys-

tem and Monte Carlo data published in the literature. A published

study on the Leipzig-style applicator also reported higher doses than

expected and concluded the primary cause was source sag due to

gravity inside the applicator [1]. The purpose of our study was to

validate the source sag hypothesis by ruling out set-up error and

measurement reproducibility and to apply any necessary corrections

during treatment.

Method Reproducibility and set-up error in the delivered dose was

evaluated using film with the Leipzig-style applicator positioned in

two orientations: treatment cone facing up and facing down, repeated

five times in each orientation. In addition, repeated measurements

were performed by varying the degree of bend in the source guide

tube (SGT) connection between the applicator and afterloader. All

measurements were performed using calibrated GafchrmicTM EBT3

film at 3 mm depth in a Solid Water phantom. The effective source

position in the treatment planning system was subsequently corrected

to account for source sag during treatment.

Results Set-up error was ruled out as the primary cause of the known

discrepancies. Reproducibility in delivered dose was within ± 3 %.

Varying the curvature in the SGT did not have a statistically signif-

icant impact on the delivered dose. The discrepancy between

measurement and treatment planning system was less than ± 5 %

after applying an offset to the source position in our treatment plan-

ning system.

Conclusion Source sag due to gravity within the Leipzig-style

applicator was confirmed to be the primary cause of discrepancy

between measurement and treatment planning system. The source

offset in the planning system was subsequently modified to account

for source sag during treatment.
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Introduction BrachyView is a novel in-body imaging system

developed with the objective to provide real-time intraoperative

dosimetry for LDR prostate brachytherapy treatments. The system

can reconstruct the 3D positions of seeds after their implantation by

the means of a high-resolution pinhole gamma camera1.

Previous work has shown the BrachyView probes capabilities to

identify 100% of the seeds and reconstruct seeds 75% of seeds’

positions within 1 mm of their nominal positions determined by CT1

by an operator based procedure. This work presents the development

of a real-time fully automatic seed reconstruction algorithm that has

been developed and tested in MATLAB.

Method The algorithm proposed utilises a local feature detector,

speeded up robust features (SURF), to perform detection of

brachytherapy seeds 2D projections. An automatic frame alignment

and subtraction procedure is utilised, allowing for increased accuracy

and elimination of the previously subjective manual procedure. The

complete algorithm architecture is shown in Figure 1.

Results The algorithm has been tested using the experimental results

obtained with 98 I-125 brachytherapy seeds implanted into a prostate

gel phantom. It is able to correctly identify and match 94% of the

implanted seeds, as shown in Figure 2. False positive detection

removal has shown to be extremely effective with 90 false positives

reduced to 1 with the processes outlined in Figure 1. With an average

computation time of 2.75 seconds per needle.

Conclusion It is the authors’ belief that with integration of the pro-

posed algorithm with the current in-house C?? software, the

accuracy of the 3D reconstruction calculations will be improved,

providing a highly accurate and robust method for automatic seed

reconstruction for use as an intra-operative dosimetry tool for LDR

prostate brachytherapy treatments.
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Introduction Targeted therapy for cancer is a rapidly expanding and

successful approach to the management of many intractable cancers.

However, most immunotherapies fail in the longer term and there

continues to be a need for improved targeted cancer cell toxicity,

which can be achieved by radiolabelling the targeting vector with a

radioisotope. Such constructs are successful in using a gamma ray

emitter for imaging. However, this is often not the case for beta

emitters is used for therapeutic applications. The new approach is to

use the short range and highly cytotoxic alpha radiation from alpha

emitters to achieve improved efficacy and therapeutic gain.

Methods This paper reviews available experimental and theoretical

comparisons of efficacy and therapeutic gain for alpha and beta

emitters labelling the same targeting vector in the published literature.

Results Comparative results are given for in vitro cytotoxicity,

in vivo toxicity and therapeutic efficacy for tumour growth inhibition

and regression. Evaluation of preclinical data and clinical trials show

that alpha radiation is better suited to the treatment of microscopic or

small-volume disease since their short range and high energies

potentially offer more efficient and specific killing of tumour cells,

while sparing distant normal cells

Conclusion The overall conclusion is that targeted alpha therapy is

superior to targeted beta therapy in every case. As such, the appli-

cation of targeted alpha therapy in clinical settings should be

expanded with high priority.
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Introduction The SNMMI has defined molecular imaging (MI) as

the ‘visualization, characterization, and measurement of biological

processes at the molecular and cellular levels in humans and other

living systems’. Considerable advances this century have been made

in the version where the reporter signal is provided by a targeting

PET or SPECT radioisotope (‘radioMI)’, usually as robustly-bound

cargo on a biomolecule that is stable under physiological conditions

and which systemically targets a specific tumour-cell population.

Increasingly, this is combined with a ‘theranostic’ strategy where

(guided by the quantitative radioMI) the same cell-selective

molecular ligand is used subsequently to deliver a b- or b-emitting

cytotoxic agent of the same or chemically-similar elemental species

to the tumour cells. This ‘molecular radiotherapy’ (MRT) is appli-

cable to a restricted class of cancers, in addition to its traditional use

in the thyroid; haematological; neuroendocrine, metastatic prostate,

paediatric neuroblastoma and bone metastases. However its exten-

sion to further applications covered by traditional approaches such

as external beam radiation therapy (EBRT) faces formidable chal-

lenges, including targeting specificity, radiopharmacokinetics,

delivered-dose estimation (tumour-tissue vs. tissues-to be-spared),

and the interpretation of calculated ‘mean absorbed doses’ in terms

of beneficial (target) and detrimental (non-target) biological effects

when compared with more comprehensive EBRT-based data. To

advance the scope and effectiveness of radioMI and MRT (and

particularly their combination), improved understanding of MRT

dose-efficacy/detriment relationships and new targeting

radiomolecular agents must be formulated. This short review high-

lights some emerging possibilities.

Method Since MRT requires systemic administration and is not

restricted by accurate geometric targeting (i.e., only its molecular

specificity), dose is estimated by MIRD or related schemas, under-

pinned by Monte Carlo data from standard phantoms [1]. Injected

activities (MBq) are pragmatically based on limiting side-effects.

However there seems considerable scope for model-based dosimetry

such as the biologically effective dose (BED) for providing a common

dose-vs-effect platform for MRT acting alone, comparing MRT and

EBRT outcomes [1, 2] or (in selected cases) for hybrid MRT?EBRT

therapies [1, 3]. For delivering precision therapies, development and

meaningful clinical deployment of new radiomolecular agents (e.g.,

theranostic combinations such as 18F-PSMA [PET/CT] and 225Ac-

PSMA [targeted alpha-therapy]) depend on innovations and break-

throughs along the entire ‘supply chain’. These include advances in

cyclotron technologies; reliable reactor-based therapy-isotope pro-

ductions; avid, rapid and specific targeting biomolecular platforms

and strategies; advances in synthetic radiochemistry; and innovations

in imaging such as total-body PET/CT [4]. Many such advances are

‘in the pipeline’ and some are reflected in early clinical trials. New

combinations of physics, engineering and radiochemistry expertise

are incubating a new professional class, the ‘radiopharmaceutical

scientist’ (RPS), for which a training program has recently been

formulated in Australia under ACPSEM management.

Conclusion Emerging multidisciplinary opportunities for delivering

effective ‘niche’ precision-medical radiopharmaceutical-based treat-

ments within the cancer management spectrum are being driven by

rapid advances in radioMI and MRT, served by a new class of pro-

fessionals, the RPS.
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Introduction The following work aims to characterise the count-rate

dependence of gamma camera sensitivity for quantitative SPECT of

the therapeutic isotopes and . Deadtime corrections are necessary for

accurate quantitation at high count rates. Planar sensitivity measure-

ments on a GE Discovery 670 Pro for varying amounts of activities

are presented.

Method Sensitivity variation for was compared to the Sorenson

deadtime model [1] by measuring count rate as a function of

activity with an initial activity of 1.5 GBq and a set up described in

NEMA NU 1 2007 measurement of planar sensitivity [2]. The

planar sensitivity was measured at activities of 258 MBq, 721 MBq

and 1950 MBq for and activities of 228 MBq, 720 MBq and 2160

MBq for.

Results Deadtime effects for are well approximated by a linear fit in

the count rate region investigated as shown in Figure 1.

The planar sensitivities for and at specified count rates are shown

in Table 1.

Table 1: Planar sensitivities for  and .

Count Rate (cps) Sensitivity 
(cps/MBq)

Count Rate (cps) Sensitivity 
(cps/MBq)

6705 7.92 3522 4.61
17479 7.52 9591 4.39
45249 7.33 26118 4.123

Conclusions The dead time effects for have been shown to decrease

sensitivity linearly as a function of total spectrum count rate. Sensi-

tivity values of and also show a relative decrease consistent with the

curve. Future work will involve finer sampling of the and sensitivity

data to confirm whether the normalised describes dead time effects of

all three isotopes. Volume sensitivity curves will also be produced for

comparison.
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Introduction The CyberKnife� robotic unit delivers x-ray radio-

therapy with sub-mm accuracy. Codes of Practice [1, 2] dedicated to

small-field dosimetry prescribe the use of suitable detectors, but none

of the commercially available options is ideal. For example, recom-

mended diodes require correction factors [3]; their angular-

dependence prevents their use for patient-specific quality assurance

(QA) if non-isocentric beams are employed; sub-mm resolution is

achievable only by scanning with single detectors [2]. We report on

two devices which would fill the technological gap.

Method The Octa is a 2D detector (Figure 1) [4]. Its 512 sub-mm

diodes are arranged with sub-mm pitch along 4 crossing linear arrays.

Its potential for machine-specific QA was investigated with output

factors (OFs), off-axis ratios, PDDs and TMRs measurements.

A PTW SRS diode was considered as benchmark. Investigated field

sizes were between to diameter.

The Edgeless is an angular-independent single diode-detector (side)

[5]. Its potential for patient-specific QA was investigated with plans

delivered to a lung phantom, in static and dynamic conditions (Fig-

ure 2). EBT3 films and the Multiplan� treatment planning system

(TPS) were considered as benchmarks.

Results The Octa was correction-free for OFs measurements. Its diodes’

layout allowed for OF and 4 off-axis ratios to be measured simultane-

ously. Central-axis PDDs and TMRs distributions were accurate within

and respectively. Its potential for accurate positional-verification of a

dynamic aperture collimator (IrisTM) was shown. Dose measurements by

the Edgeless agreed within and with TPS and EBT3 films respectively.

The potential for its use in an array of single devices was shown.

Conclusion The integrated use of two real-time devices, a 2D array

detector dedicated to machine-specific QA and an angular-indepen-

dent single diode dedicated to patient-specific QA was shown to be

appropriate for a comprehensive CyberKnife-dedicated QA.
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Introduction Stereotactic body radiotherapy SBRT involves the

delivery of substantially larger doses over fewer fractions compared

to conventional radiotherapy. Dosimetry verification and patient-

specific quality assurance (QA) tests are particularly important in

such a complex treatment to ensure accurate treatment delivery [1, 2].

The aim is to study the sensitivity of an Electronic Portal Imaging

Device (EPID) in detecting delivery errors for VMAT lung SBRT

using the Collapsed Arc method.

Method Baseline VMAT plans and plans with intentionally intro-

duced errors were generated for 15 lung SBRT patients. Three types

of errors were introduced by modifying collimator angles, multi-leaf

collimator (MLC) field sizes and MLC shifts by ± 5�, ± 2�, and ± 1�
or mm. A total of 103 plans were measured with EPID on an Elekta

Synergy Linear Accelerator (Agility MLC) and compared to both the

original treatment planning system (TPS) Collapsed Arc dose matrix

and the no-error baseline EPID measurements. Gamma analysis was

performed using the OmniPro-I’mRT (IBA Dosimetry) software and

gamma criteria of 1%/1 mm, 2%/1 mm, 2%/2 mm, and 3%/3.

Results When the error-introduced EPID measured doses were

compared to the TPS matrices, the majority of simulated errors were

detected with gamma tolerance of 2%/1 mm and 1%/1 mm. When the

error-introduced EPID measured doses were compared to the baseline

EPID measurements, all the MLC field size and MLC shift errors, and

± 5� collimator errors were detected using 2%/1 mm and 1%/1 mm

gamma criteria.

Conclusion This work demonstrates the feasibility and effectiveness

of the collapsed arc technique and EPID for pre-treatment verification

of lung SBRT VMAT plans. The EPID was able to detect the majority

of MLC errors and the larger collimator errors with sensitivity to

errors depending on the gamma tolerances.
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Introduction TomoTherapy can provide highly accurate SABR

deliveries, but without any effective motion management techniques.

Shallow breathing has been identified as one possible motion

management solution on TomoTherapy, which has been made pos-

sible with the BreatheWell audiovisual biofeedback (AVB) device,

whose implementation requires comprehensive verification and vali-

dation. This paper investigated the potential advantages of performing

shallow breathing during TomoTherapy SABR delivery.

Method Healthy volunteers were randomly selected, whose breathing

waveforms were recorded under normal breathing and shallow-

breathing conditions by the Varian RPM system. The subject’s

shallow breathing was guided by the BreatheWell device, which

provided AVB to the patient to help controlling the breath. These

waveforms were then imported to the 4-dimensional QUASAR

phantom to investigate whether shallow breathing was able to

effectively reduce target’s breathing motion among various individ-

uals. A dosimetric study was also performed using the same phantom,

whose cylindrical insert was designed to move at different speeds and

amplitudes. SABR plans were generated, delivered and measured on

the phantom with ion-chamber and Gafchromic EBT3 film as the

dosimeters. The planning statistics and the measurement results of the

insert moving at different amplitudes and speeds were compared.

Results Results from healthy volunteers suggested that performing

shallow breathing using the BreatheWell device can effectively

reduce the target’s respiratory motion amplitude. Dosimetric study

results demonstrated that by reducing the target’s motion, in addition

to improved target dose coverage, dose to surrounding organ-at-risks

(OARs) was also reduced due to a reduced planning margin. Gamma

analysis results also indicated that with reduced target motion, the

delivery accuracy of the plan was also significantly improved, pos-

sibly due to reduced dose blurring and MLC interplay effect.

Conclusion It was found that for TomoTherapy SABR deliveries, by

reducing the targets respiratory motion through shallow breathing,

target coverage, organ-at-risk (OAR) sparing and delivery accuracy

were improved.
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Introduction To assess and correct the intra-fraction prostate motion

in prostate Stereotactic Body Radiation Therapy (SBRT) using an in-

house real-time position monitoring system.

Materials and methods An online x-ray image based position

monitoring system, SeedTracker, was developed to monitor the

position of radiopaque markers implanted in prostate. The Seed-

Tracker system is currently being used at Southwestern Sydney Local

Health District to monitor the prostate position of the patients treated

within PROMETHEUS trial (UTN: U1111-1167-2997). To date the

system is successfully used for the position verification of 54 patients.

The difference in dose delivered between the treatment with and
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without real-time monitoring and position corrections were assessed

by introducing the observed position deviations, at the respective time

of delivery, in treatment plans and recalculating the dose.

Results The mean (r) treatment time and dose delivery time of

individual SBRT fractions are 32.4(12.6) mins and 5.5(2.3) mins

respectively. In 17% of treatment fractions the position deviations

were observed at the start of treatment delivery just before turning on

the treatment beam and 80% of time this occurred at the first treat-

ment fraction. The continuous drift in prostate position during the

treatment delivery, which resulted in the gating event, was observed

in 15% of the treatment fractions and 40% of these events are multiple

occurrences in the same fractions. The transient excursion of prostate

position occurred in 5% of the treatment fractions. The retrospective

dose reconstruction study showed that the D98 to prostate would have

decreased by a maximum 12% compared to the planned D98 in some

cases if real-time position monitoring had not been performed and

position corrections were not under taken.

Conclusion The real-time position monitoring of prostate SBRT was

successfully achieved using an in-house system and the developed

system shown to improve the accuracy of treatment delivery.
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Introduction Stereotactic Ablative Radiotherapy (SABR) refers to

radiotherapy treatment deliveries which give a high dose of radiation

to an extra-cranial tumour, with high geometric precision (1). The risk

to patients is increased with SABR techniques due to the increased

dose per fraction, and as such specialised planning, treatment and QA

practices are needed to ensure patient safety (1). Independent on-site

audits are recommended by current SABR guidelines (1–3).

Method The Australian Clinical Dosimetry Service (ACDS) began

field trials of SABR audits in March 2018. An end-to-end dosimetry

audit was developed using a customised CIRS� humanoid thorax

phantom. The audit planning cases include lung, spine and soft tissue

targets, with delivery modality being at the discretion of the treating

facility. The audit planning guidelines follow current SABR clinical

trials: TROG SAFRON II (5), TROG/CCTG SC24 (6) and ICR/

TROG CORE (7). Measurements were taken using Gafchromic EBT3

Film and a PTW 60019 microDiamond. Film was analysed using

FilmQA Pro and in-house Matlab software.

Results To date, a total of 18 SABR plans have been included in the

audit. Figure 1 shows the point dose variation in the first field trials.

Large variations are seen in the vertebrae hard bone measurement

point (average -5.5%, standard deviation 2.0) and the out of field

spinal cord measurement point (average 1.9%, standard deviation

6.0).

Film localisation accuracy within the phantom has been verified to

\ 0.5 mm. The distance-to-agreement in the sagittal and coronal

planes was analysed at the 50% isodose level. Figure 2 shows the

results of a VMAT spine plan with maximum discrepancies of 0.21

mm (A–P) and 0.33 mm (L–R).

Film analysis metrics such as gamma criteria, absolute dose and

isodose line agreement will be explored.

Conclusion The ACDS is developing a comprehensive audit for

SABR treatments. Large discrepancies between calculated and mea-

sured dose in different medium such as bone are to be further

explored.
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Introduction Liver stereotactic ablative body radiotherapy is an

emerging treatment for primary liver cancer and liver metastases.

High rates of local control with acceptable toxicity can be achieved if

sufficient tumour dose is reached, while limiting surrounding liver

dose. The liver moves with respiration; reduction of respiratory

motion results in reduced healthy liver treated and potential increased

tumour dose. We recently implemented a motion reduction protocol

and report on the compliance rates and liver positional stability from

the first year in use.

Method The protocol contains three strategies – voluntary exhale

breath hold (VEBH), abdominal compression (AC) and free breathing

(FB). An assessment session is performed prior to simulation CT on

the linac (Figure 1). In this session we assess compliance and

reproducibility of VEBH using superior-inferior liver dome position

on anterior-posterior fluoroscopy. If VEBH is not reproducible we use

fluoroscopy to assess effect of AC on motion; if AC reduces motion

this is used with an internal target volume (ITV), otherwise the patient

is treated in FB with an ITV. The VEBH compliance, liver dome

position reproducibility and reduction of liver dome motion with AC

have been assessed.

Results From June 2017 to June 2018, 21 patients have been simu-

lated following this procedure. VEBH was used in 14 patients

(66.7%), AC in 5 patients (23.8%) and FB in 2 patients (9.5%). Liver

dome position variation in those that could achieve VEBH was within

4 mm for 13/14 patients (Figure 2). In non-VEBH patients, AC

reduced liver dome motion by 1.6–22.5 mm. One patient could not

comply with VEBH at treatment and was subsequently treated with

AC.

Conclusion We have shown that reproducible VEBH can be achieved

in approximately two-thirds of liver SABR patients. AC resulted in

variable reductions in liver motion and should be assessed on a per

patient basis.
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Introduction Stereotactic ablative body radiotherapy (SABR) is an

established technique for the treatment of a variety of sites, in par-

ticular lung, liver and spine [1]. Data from overseas and anecdotal

evidence suggest that use of SABR is rising but little information is

available about its uptake in Australia. To address this, New South

Wales (NSW) radiotherapy centres were surveyed on their use of

SABR.
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Method A survey was sent to all public and private radiotherapy

centres in NSW. The survey questionnaire contained questions

regarding the techniques used for SABR, treatment units used,

number of patients treated and for which sites, image guidance used

and confidence of the staff in the SABR treatment technique.

Results Responses from nine centres were received at time of writing.

Experience in delivering a SABR service ranged from none (not yet

commissioned) to 2007 years. Most sites that have a SABR service

include lung with liver and spine being the most common additional

clinical sites.

The most common treatment technique was multiple-arc VMAT.

CBCT is used by all sites with 4D-CBCT used by most sites. Both

Elekta and Varian linacs are used for SABR in NSW.

Conclusion There clearly exists a range of experience in using SABR

techniques, however once established for one treatment site, expan-

sion to other treatment sites appears to follow quickly. Future studies

will investigate barriers to introducing a new SABR service, and

possible networked solutions to facilitate rapid roll out of new tech-

niques in a safe and efficient manner.
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Introduction Small field dosimetry presents many challenges not

seen in larger fields, including electronic disequilibrium. The material

properties of the detector therefore have a large effect on the dose

measured by that detector. While there is now a large body of liter-

ature on the effects of detector material on small field dosimetry, to

date there is little on the effect of the phantom material. Solid alter-

natives to water for small field dosimetry are desirable for patient

specific dosimetry of stereotactic treatments. Film is the dosimeter of

choice in plastic phantoms because it avoids the large setup uncer-

tainties associated with point dosimeters. However, unlike other

detectors, there is little work on how the material makeup of film

affects small field dosimetry. This study aims to address both prob-

lems mentioned above.

Method EBT3 film was simulated using realistic dimensions and

material properties of the active layer and Polyester film base with the

Monte Carlo code DOSXYZnrc. The film was simulated perpendic-

ular to the beam at a depth of 5 cm in a cubic (20 cm3) water

phantom. The source was a previously modelled 5 9 5 mm2 square 6

MV beam from a Varian 21iX. CAX profiles (with a resolution of 0.1

mm) and point doses were extracted.

The above simulation was repeated for film in the following plastic

materials: Plastic Water, Virtual Water, RW3, Solid Water and Per-

spex. For initial validation, simulations were also performed in a

phantom with the same geometry, but entirely water.

Results The output factor in film was the same as in pure water within

the simulation uncertainty (* 1.5%). Table 1 displays the output

factor as measured in the various plastic phantoms. The profile

measurements were all in agreement, except for some variations

outside the field edge of up to 5 % (local dose) in RW3 and 10% in

Perspex.

Table 1. Output factors for a 5 x 5 mm2 field (normalised to 30 x 30 mm2) simulated in film in 
various phantom materials. 
Material Output factor Difference from water (%)
Water 0.643 -
Perspex 0.660 2.7
Plastic Water 0.638 - 0.7
Virtual Water 0.651 1.3
Solid Water 0.650 1.1
RW3 0.648 0.8

Conclusion Film is adequately water equivalent for small field

dosimetry. All water equivalent plastics simulated in this study can be

used as water substitutes in very small fields. Perspex however should

not.
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Introduction The Octavius 1500 ion chamber array (PTW, Freiburg,

Germany) in combination with the Octavius 4D phantom and Ver-

iSoft software is currently used for patient specific quality assurance

(PSQA). An increasing number of complex, highly modulated treat-

ment plans that regularly yield gamma pass rates of less than 95%

(3%/3mm) have been encountered during PSQA. These low gamma

pass rates can potentially be due to the detector array having insuf-

ficient spatial resolution to measure highly modulated fields.

Method A large flat field, with a jaw edge at the isocenter at a

collimator angle of 5�, was used to acquire a 2D dosemap on an

Octavius 1500 array. The dose map was then used to calculate an

edge spread function (ESF) and a line spread function (LSF). The

combined spatial resolution of the Octavius array and linac was then

derived by fitting a Gaussian to the LSF. A point spread function

(PSF) with this linewidth was then applied to the dosegrid from the

TPS to match the resolution of the Octavius array.

Results The LSF function of the Octavius array was found to fit well

with a Gaussian lineshape with a full width half maximum (FWHM)

of 9mm. This is comparable to the dimensions of the ion chambers

(4.4 mm) and the spacing of the ion chambers (7.1 mm). A selection

of highly modulated treatment plans were selected with gamma pass

rates less than 95%. Applying this PSF function to the 3D dosegrid

from the TPS improved the gamma pass rate in all cases to more than

95%.

Conclusion Many routine VMAT plans are highly complex and have

dose gradients that exceed the spatial resolution of the Octavius1500

detector array. Further research is necessary to establish protocols for

dealing with these plans.
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Background Radiation dose to the contralateral breast (CLB) after

radiotherapy (RT) treatment has potential to induce secondary breast

cancer [1, 2, 3]. Subsequently, amidst the introduction of new tech-

nology in breast cancer RT management, CLB dose must be

considered. Electronic compensation (eComp) has been implemented

at the Peter MacCallum Cancer Centre to provide an alternative

method to conventional 3d-conformal RT (ConRT) planning and

delivery. The aim of this ethics approved study was to measure and

compare contralateral breast dose for patients undergoing tangential

field radiotherapy with eComp and ConRT fields.

Methods Forty patients undergoing tangential field breast radiother-

apy were included in this study. 20 patients utilised eComp

tangential irradiation. The remaining 20 patients were planned with

ConRT tangential fields. Four sets of TLDs were placed on the CLB

at 3 cm from the medial tangential fields (Pt1), areola (Pt3), mid-

way (pt2) between Pt1 and Pt3 and at the axilla. The doses were

measured with (TLD domes) and without (TLD strips) build-up.

Contralateral breast doses were assessed with both treatment tech-

niques. The mean dose to CLB was also calculated on the EclipseTM

(Varian Medical Systems) treatment planning system and correlated

to the measured dose.

Results Our preliminary results show that the mean dose measured at

3 cm from the medial tangential border for eComp and ConRT

techniques with strips were 9.79 ± 1.31% and 10.75 ± 1.74% of

the prescription dose respectively. The dose at pt2 was almost

half that of the dose at pt1. The dose measured with strips was

almost twice that measured with domes. On an average, the

eComp patients received 20% more monitor units as compared to

ConRT.

Conclusion Contralateral breast dose is dependent on the proximity

of the medial tangential field edge to the CLB, which is very patient

specific. Our study shows that CLB dose with eComp and ConRT is

comparable.
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Introduction The increasing interest in stereotactic ablative radio-

therapy (SABR), otherwise called stereotactic body radiation

treatment (SBRT) is one of the most chosen treatment approaches for

early-stage cancer treatment. This technique is increased to treatment

sites like lung, Spine, Scapula, Sternum, etc. It was the aim of this

work to evaluate the performance of the PTW 60019-microDiamond

detector for 6 MV beams delivered with ClinaxTH 21ix and explore

the feasibility of using this detector for pre-treatment verification of

the dose delivered to patients during SABR.

Method Prior to the utilization of PTW60019-microDiamond detec-

tor for SABR pre-treatment verification, the dosimeter was considered

for dose linearity, energy, directional and dose rate dependence in 6

MV x-ray beam. Dose 1 Electrometer was used to read the charge

signal of microDiamond detector. An indigenous Rod phantom made

of Perspex (Peter MacCallum Cancer Centre, Melbourne, Australia)

was used to perform SABR pre-treatment patient verification while

the statistical analysis of the linear fit was done using OriginPro 2018.

Results Three treatment sites (sternum, spine, and scapula) was

considered, the average measured and plan dose was recorded for

PTW60019-microDiamond (17.76 ± 0.65 % and 17.68 ± 0.63)

respectively. The linear response of the detector indicates excellent

relationship linear fit with R2 = 1 for 6 MV and R2 = 0.9987 18 MV

and no significant difference with dose rate, and energy was observed

for the detector. PTW60019-microDiamond percentage difference

between the measured and the planned dose was 2%.

Conclusion: The performance of PTW 60019-microDiamond has

been verified for the purpose of this work. The measured and plan

dose is consistent with the excellent agreement. This study confirmed

that microDiamond is a valuable dosimeter for SABR pre-treatment

verification.

Keywords: PTW60019, microDiamond, SABR, pre-treatment

verification
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Introduction The ever increasing complexity of modern radiotherapy

heightens the importance of in-vivo dosimetry. This is typically

performed using equipment like film, diodes or thermo-luminescent

dosimeters; however, these are time consuming methods. Electronic

portal image detector (EPID) based dosimeters offer the ability to

perform in-vivo measurements without the need for extra equipment

or setup time. This study assesses the error detection, limitations and

usability of EPIgray EPID based in-vivo dosimetry.

Method The ability of EPIgray to detect errors was assessed using

200 mm thickness of plastic water @ 90cm SSD with a 5 cm, 10 cm,
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15 cm and 20 cm field size and 100 MU. The thickness of plastic water,

field size and dose delivered were all then independently changed to

determine the software’s ability to identify changes in patient thickness,

field size and dose respectively. EPIgray’s capacity to correctly handle

multiple delivery types was evaluated by delivering VMATs, Hybrid

IMRT and wedged tangents to an anthropomorphic phantom. A series of

3 patients (H&N, Chest and Prostate) were then imaged per fraction for

a period of two weeks to evaluate the software in a clinical workflow.

Results EPIgray was able to detect changes in patient size, with an error

of 5% per 1 cm deviation in thickness, and the dose delivered with errors

proportional to the change in MU. However, the software was not able to

detect induced field size errors. The software was correctly able to

handle all treatment delivery types tested. It was simple to use clinically

and only required the treatment therapists to extend the EPID panel to

the nominal position and start an acquisition before treatment began.

Conclusion The EPIgray software has shown to be a suitable tool for

in-vivo dosimetry utilising the EPID panel. The software is capable of

determining significant dose delivery errors or changes in patient

thickness/positioning.

IS05 Metal nanoparticle radiosensitizers are entering

clinical use, but how do they work?

I. Kempson

The University of South Australia

Metallic nanoparticles are recognised for enhancing the effects of ionizing

radiation on the radiobiological impact on cells. Opportunities exist to

improve the therapeutic ratio in radiotherapy by delivering such

nanoparticles specifically to cancerous cells. While metallic nanoparticles

have entered several radiotherapy human trials up to Phase III, elucidating

the actual mechanisms of increasing radiosensitization of cells has

remained elusive. Motivated to understand the structure-function rela-

tionship of nanoparticle physico-chemical properties on

radiosensitization, we developed a cross-correlative methodology to

quantify the nanoparticle uptake in cells along with biological markers.

The degree of heterogeneity greatly complicates such studies, however,

analysis of relatively large cell-populations has enabled extraction of

various sub-populations that elude to understanding the mechanisms

involved. Here, we will review the clinical status of metallic nanoparticle

radiosensitization and then present our research into identifying the

underlying mechanisms. We observe that low numbers of nanoparticles

can actually lead to a protective effect and that the propensity of cells to be

sensitized by nanoparticles can vary greatly through the cell cycle phases.

The research is offering intriguing insight into the role of physical,

chemical and biological mechanisms of radiosensitization. The processes

are intricately entwined and are a complex mix of both synergistic, but also

antagonistic, mechanisms. Resulting paradigm shifts in our basic under-

standing of radiosensitization will have impactful implications on how

nanoparticle formulations translate into clinical use and the clinical con-

siderations for how they can deliver the best patient outcomes.
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Introduction Cell migration is a key physiological ability in wound

healing, organ regeneration and cancer metastasis1,2. This ability in

cancer cells enables them to invade the normal tissues in their

vicinity. A few studies have revealed the suppressed cancer cell

migration in the presence of gold nano-particles (AuNPs)3–6. In

addition, alteration on cytoskeleton properties by x-irradiation has

been reported7. However, the close investigation for the effects of

AuNPs on cancer cell migration have not been previously performed

and the effects of AuNPs combined with X-ray irradiation also

remained unclear. In this in vitro study, we investigated the effects of

AuNPs on the cell migration for two types of cancer cells to deter-

mine the cellular response to the AuNPs. Furthermore, we

investigated the combined effects of AuNPs and X-ray on cell

migration.

Method Two cancer cell line; A549 (lung) and DU145 (prostate)

were treated with various scenarios i.e. A) control with no AuNPs and

no radiation, B) with and without AuNPs and no radiation, C) with

and without radiation and no AuNPs and, D) with 1 mM AuNPs

combine with 5 Gy of 6MV x-ray. Scratch test assay and CytoSmart�

image system was used to observe and measure the cells’ movements.

Results The results of scratch tests show that the cancer cells treated

with AuNPs filled.

The gaps about 25% slower than the control groups. This indicates the

inhibitory effects of the AuNPs on the cancer cells. The greatest

inhibitory effects on cells’ motility was obtained from group D (the

combination of 5 Gy of 6 MV x-ray and 1mM AuNPs) which was

about 31% slower than the control groups.

Conclusion Decrease in cell migration speed can be attributed to

the fact that the presence of high atomic number nanoparticles

such as gold, can disorder the normal metabolism of the cancer

cells.
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Introduction Brain cancer is the leading cause of childhood cancer

death, with little progress in extending survival times over the last 20

years [1].

Our industry collaborators, nhTheraguix, have created a gadolinium-

based nanoparticle shown to give a synergistic enhancement of the

therapeutic effect of radiotherapy, increasing survival times compared

to radiotherapy alone in pre-clinical studies [2, 3, 4]. Gadolinium

provides strong positive contrast in magnetic resonance (MR) images

aiding target delineation and confirming the uptake of nanoparticles.

Method We report on the progress of pre-clinical investigations at the

Australian MRI-Linac. This unique facility combines a linear accel-

erator for therapeutic delivery of radiation with a custom-designed 1

T magnet, allowing MR images to be taken during treatment.

Fischer 344 rats were implanted with 9L glioma cells by stereotaxic

injection into the right caudate nucleus at 10 weeks old. Seventeen

days after surgery, T1-weighted images were taken on the Australian

MRI-linac before and after intravenous administration of contrast

agent, identifying the tumour. A trial irradiation achieved a 2x2.5 cm

field for whole brain irradiation over a source-to-isocentre distance of

2.4 m.

Results The brain tumour can clearly be seen enhancing in the post-

contrast T1-weighted image (see figure 1), showing a mass in the

front right brain hemisphere. The presence of a large tumour in this

area was confirmed ex-vivo.

Conclusion Images taken on the Australian MRI-linac allowed the

identification of a rat brain tumour enhanced with contrast agent. This

work enables a full pre-clinical investigation of the radiosensitising

properties of gadolinium based nanoparticles, laying the groundwork

for a clinical trial.
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Introduction Gold nanoparticles (GNPs) are being investigated as a

method to enhance radiation damage in cells following radiotherapy.

While GNPs were not expected to enhance proton radiotherapy,

experimental measurements contradict this and indicate that radi-

olysis contributes to the enhancement [1–3]. Proton radiotherapy

allows improved healthy tissue sparing over photon radiotherapy

and can be further improved with GNP radiosensitisers. In this work,

radiolysis enhancement was evaluated for a variety of GNP sizes,

coatings and proton energies to aid the optimisation of nanoparticle

design.

Method The radiolysis yield was modelled in two stages. First,

protons were modelled incident on the nanoparticle using Geant4

[4, 5] low energy physics models and secondary particles emitted

from the nanoparticle were scored in a phase space file. In the

second stage, radiolysis was modelled in water with the file as

particle source using Geant4 DNA [6–9] physics and chemistry

models. The radiolysis and dose enhancement factors (REF, DEF)

were found from the ratio of the yields and dose for the nanopar-

ticle and equivalent water nanoparticle. The enhancement was

calculated for a variety of nanoparticle types, sizes, coatings and

proton energies.

Results Figure 1 shows the effect of proton energy on enhancement

for a 50 nm GNP and Figure 2 shows the effect of silica coating

thickness on enhancement for a 15 nm GNP. The enhancement peak

for 5 MeV protons corresponds to the maximum total energy of

secondary electrons. The peak occurs due to the electron yield

decreasing and the mean energy increasing with increasing proton

energy. The enhancement reduction with coating thickness is due to

the absorption of electrons produced in the gold within the coating.
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Conclusion This study provides information to aid the optimisation of

nanoparticle design.
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Introduction Stereotactic Radiosurgery (SRS) delivers ablative

radiation doses to the central nervous system. SRS treatments at

Crown Princess Mary Cancer Centre (CPMCC) are created with

iPlan and verified with physical measurements. This study aims to

evaluate the small field accuracy of Eclipse using Analytic Aniso-

tropic Algorithm (AAA) and Acuros External Beam (AXB)

algorithm, and to assess their feasibility as an independent SRS

verification tool.

Method Prior to use, optimal source spot size and dosimetric leaf gap

(DLG) for small fields were determined in AAA and AXB models

by matching measured and calculated profiles of 1x1 cm jaw- and

MLC-defined fields, respectively. 75 SRS fields created in iPlan

were measured using an IBA Razor Diode in a water phantom. The

SSD and depth of the diode were adjusted per field to reproduce

treatment conditions, all fields were delivered at gantry zero. Plans

were imported into Eclipse, mapped to a water phantom and recal-

culated using both AAA and AXB (dose to water) with a grid size of

0.1 cm.

Results SRS plan QA tolerance is 2%, both iPlan and AXB calculated

doses were within 2% of measured (Figure 1). AAA underestimated

the dose for fields with an equivalent-square less than 15 mm and

became more pronounced with decreasing field size.

Conclusion Preliminary results suggest AXB can be used to verify

iPlan SRS treatments. AAA is not suitable for dose calculation of

fields with an equivalent-square of less than 15 mm as deviation from

measurements exceeded the 2% plan tolerance. Future work includes

using TRS 483 to review measurement data of small field diode

dosimetry. More fields will be measured before using AXB as an

independent verification tool.
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Introduction To evaluate the Varian ‘Fast Hybrid Multi-criteria

optimisation (MCO) Volumetric modulated Arc therapy (VMAT)’

(H-MCO) tool for both its dosimetric accuracy and calculation time.

This is a new function within V15.6 of the Varian Eclipse treatment

planning system that allows VMAT optimisation and dose calculation

using the graphical processing unit (GPU). In versions prior to V15.6

VMAT MCO calculations were only possible using central processing

unit (CPU) not GPU (N-MCO).

Method The study consisted of a cohort of 53 patients representing a

range of anatomical treatment sites; bladder (5), brain (6), gynaeco-

logical (5), head and neck (5), lung (7), mediastinum (7) prostate (6),

oesophagus (7) and rectum (5). Each case was planned to that of a

clinical standard (Base) which was compared to a H-MCO and

N-MCO approach. The study analysed plan calculation time data,

dose to organ at risk (OAR) and target coverage.

Results Large time savings were found using the H-MCO technique

when compared to N-MCO, 5 to 40 times faster or up to 75 min time

saving (average of 25 mins). Negligible dosimetric differences were

found between the H-MCO and N-MCO approach for the cohort of

patients evaluated.

Figure 1: Plot of the time required to calculate the plan in the case of the native-VMAT (N-VMAT), 
Hybrid-VMAT (H-VMAT) and IMRT.
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Conclusion Negligible dosimetric change between the two techniques

whilst significant time saving factors were observed with the GPU

enabled approach. We have shown that the H-MCO technique has

been safely implemented and is ready for clinical use.
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Introduction FFF beams have shown to improve treatment delivery

efficiency in SBRT. Our clinic is equipped with 6MVFFF and

10MVFFF beams. This study evaluated the accuracy of beam mod-

elling, dose calculation accuracy in the presence of lung equivalent

media, treatment time comparison and the suitability of these beams

for lung SBRT treatments.

Method Beams were commissioned on Elekta� linac and were

modelled in Monaco� TPS for Monte Carlo (MC) algorithm. The val-

idation is performed in water, in low density tissue equivalent slabs and

CIRS E2E SBRT phantom�. A set of treatment plans with simple

geometries were created and dose calculated. Five clinical 6MVFFF

SBRT lung VMAT plans were recalculated on the E2E phantom. By

retaining the segments and scaling the MU, these plans were recalcu-

lated for 10MVFFF for same dose. Dose measurements were performed

using ion chamber and EBT3 films and compared against Dm and Dw

calculations. Peripheral dose to the tumour was assessed using normoxic

polymer gel and EBT3 films. The treatment times were compared.

Results In water, calculated dose (Dc) agreed to delivered dose (Dd)

for fields down to 2 9 2cm2. With decrease in the electron density of

the medium and increase in beam energy, the dose agreement

becomes poor, about 15% for 10XFFF for 2 9 2cm2 (Table 1). For

the SABR plans, point dose at the centre of the lung tumour in E2E

SBRT phantom agrees better for 6XFFF (3.1%) compared to 10XFFF

(5.5%). On the periphery, the films and GEL shows that Dc overes-

timates the Dd, more for 10XFFF than 6XFFF. 10XFFF plans deliver

faster by 2.7 s/Gy of prescription Table (2).

Conclusion For lung SABR treatments, 6XFFF plan have dosimetric

advantage compared to 10XFFF plans but delivers slower. The mini-

mal treatment time advantage of 10XFFF beam should be weighed

against the uncertainty on the tumour peripheral dose for lung SBRT.

Table 1

Water Beam ID SSD FS MU
Expected 
dose(cGy)

Monaco 
Dw (cGy)

Monaco 
Dm(cGy)

Measured 
dose(cGy)

% di ff (Exp - 
Mon)

% di ff (Mea 
- Mon)

% di ff (Mea 
- exp) Dw/Dm

6XFFF 90 2 200 163.6 166.4 166.4 165.9 -1.7 -0.3 1.4 1.000
90 3 200 173.8 175.2 175.2 174.9 -0.8 -0.2 0.6 1.000
90 10 200 200.0 200.6 200.6 200.2 -0.3 -0.2 0.1 1.000

10XFFF 90 2 200 164.0 164.8 164.8 165.9 -0.5 0.7 1.1 1.000
90 3 200 177.0 178.3 178.3 178.8 -0.7 0.3 1.0 1.000
90 10 200 200.0 199.2 199.2 200.0 0.4 0.4 0.0 1.000

Exhale 
lung - 
RED 0.5 Beam ID SSD FS MU Dm SD(cGy) Dw SD(cGy)

Dose 
Meas 
(cGy)

% diff(Dw 
Vs Meas)

% diff(Dm 
Vs Meas) Dw/Dm

6XFFF 90 10 200 256.1 1.3 252.8 1.3 255.5 1.0% -0.3% 0.987
10XFFF 90 10 200 246.0 1.5 242.5 1.5 248.9 2.6% 1.2% 0.986

6XFFF 100 10 200 211.1 1.3 208.4 1.3 210.5 1.0% -0.3% 0.987
10XFFF 100 10 200 202.6 1.4 199.7 1.4 205.1 2.7% 1.2% 0.986

6XFFF 90 3 200 226.9 1.6 224.0 1.6 228.8 2.1% 0.8% 0.987
10XFFF 90 3 200 211.3 1.6 208.2 1.6 217.7 4.4% 2.9% 0.985

6XFFF 90 2 200 205.2 1.9 202.6 1.8 207.6 2.4% 1.1% 0.987
10XFFF 90 2 200 185.5 1.5 182.8 1.5 192.2 4.9% 3.5% 0.985

Inhale 
lung - 
RED 0.2 Beam ID SSD FS MU Dm SD(cGy) Dw SD(cGy)

Dose 
Meas 
(cGy)

% diff(Dw 
Vs Meas)

% diff(Dm 
Vs Meas) Dw/Dm

6XFFF 90 10 200 256.5 1.9 257.5 1.9 255.8 -0.7% -0.3% 1.004
10XFFF 90 10 200 240.5 1.7 240.7 1.7 244.9 1.7% 1.8% 1.001

6XFFF 100 10 200 212.0 1.1 212.9 1.1 211.3 -0.7% -0.3% 1.004
10XFFF 100 10 200 198.7 1.7 198.9 1.7 202.7 1.9% 2.0% 1.001

6XFFF 90 3 200 192.5 2.1 193.3 2.1 209.0 7.5% 7.9% 1.004
10XFFF 90 3 200 172.5 1.8 172.7 1.9 191.5 9.8% 9.9% 1.001

6XFFF 90 2 200 159.5 1.1 160.1 1.1 180.7 11.4% 11.7% 1.004
10XFFF 90 2 200 138.3 1.1 138.5 1.1 161.0 14.0% 14.1% 1.001
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Introduction Pre-treatment plan checks are routinely performed at all

radiotherapy centres for patients undergoing radiotherapy. In this

study, we analysed over 10,000 external beam treatment plans

exported to Mobius3DTM (Mobius Medical Systems), a 3D treatment

dose verification system, and the results of our analysis are

summarised.

Method All patients included in this study were planned on Eclipse

3D treatment planning systems at the five different Peter MacCallum

Cancer Centre campuses. The plans include 3D-conformal radio-

therapy (3D-CRT), intensity modulated radiation therapy (IMRT),

and volumetric modulated radiation therapy (VMAT). The plans were

exported to our Mobius3D server and using in-house software, over

10,000 treatment plans were extracted from the Mobius3D database

and analysed. The treatment plans were mainly categorised by

treatment site, modality, beam energy, the total dose computed,

machine model, number of fields, and passing status of the DVH,

Target, and Gamma checks.

Results Preliminary results show that of the over 10,000 individual

treatment plans uploaded to Mobius3D, 66.4% passed all of the DVH,

Target, Gamma, and deliverability checks while 33.6% of these

individual treatment plans failed at least one of the aforementioned

checks. Head and Neck plans (which made up roughly 23.0% of the

cohort) had the highest rate of Mobius3D check fails (57.0%). Spine

treatment plans (which made up roughly 9.6% of the cohort) had the

lowest rate of Mobius3D check fails (20.5%). The treatment plans

were categorised as either IMRT (24.9%), 3D-CRT (60.6%), or

VMAT (11.8%). 77.8% of 3D-CRT plans passed all Mobius3D

checks, 43.7% of all IMRT plans passed all Mobius3D checks, and

56.8% of all VMAT plans passed all Mobius3D checks.

Conclusion Our study shows an independent MU check software

incorporating DVH, Target, Gamma, and deliverability checks would

help the clinic to identify issues associated with the DVH, target

volumes, MUs, treatment accessories/parameters, and avert errors that

would not have been picked on the primary treatment planning

system.
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Introduction Acuros External Beam (AXB) is a calculation algo-

rithm utilising the linear Boltzmann transport equation (LBTE) to

calculate treatment plans accurately in regions of heterogeneous tis-

sue. Radiotherapy of the breast is often made difficult because of the

presence of lung and air bordering the target volume. In this study,

breast plans calculated with the default Anisotropic Analytic Algo-

rithm (AAA) and Acuros External Beam (AXB) dose calculation

algorithm were compared to quantify dosimetric differences.

Method Twenty 6MV breast plans, generated and optimised using

Eclipse with AAA were recalculated using AXB, reporting dose to

water. The plan metrics used to evaluate the algorithms were D99%,

D98%, D95%, D90%, D50%, D1%, D2cc and mean heart dose.

Results Statistically significant differences between AAA and AXB

were not found for the above plan metrics, except D2cc (t-test P \
0.0001), where AXB mean dose was approximately 1 Gy higher

(Figure 1). For AAA, all plans met a D2cc\110% criteria while with

AXB only 9 plans met this. Local dose differences between the

algorithms of up to ± 2 Gy were observed within the PTV, but had

little impact on overall plan quality. Mean dose to heart was also not

statistically significantly different, however a pattern of decreased

dose to the heart for left-sided treatments was observed.

Conclusion Minimal impact can be seen on PTV dose distribution for

clinical breast plans when using the AXB dose calculation algorithm

reporting dose to water. It does however, calculate D2cc to be an

average of 1 Gy hotter than AAA, and higher for individual plans.

This result should be considered before AXB is implemented for

clinical breast planning.

Table 2

PLAN ID BEAM ID
TOTAL 
DOSE(cGy) #

DOSE/# 
(cGy) MU

NO OF 
SEG

CALC 
DOSE(cGy) STD(cGy)

MEAS 
DOSE(cGy) % DIFF

Tx time 
(sec) diff diff/Gy

Patient 1 6XFFF 5000 5 1000 1918.23 73 1360.7 30.5 1403.9 -3.2 150 35 3.5
10XFFF 5000 5 1000 2015.70 73 1360.7 27.9 1440.8 -5.9 115

Patient 2 6XFFF 3500 5 700 2217.03 183 882.0 7.1 894.3 -1.4 155 31 4.4
10XFFF 3500 5 700 2269.79 183 882.0 9.6 906.6 -2.8 124

Patient 3 6XFFF 4800 4 1200 2385.47 154 2158.1 27.1 2226.8 -3.2 175 25 2.1
10XFFF 4800 4 1200 2569.80 154 2158.1 29.8 2302.2 -6.7 150

Patient 4 6XFFF 5000 5 1000 1955.22 166 1462.4 23.6 1511.1 -3.3 160 10 1.0
10XFFF 5000 5 1000 2077.23 166 1462.4 20.0 1538.5 -5.2 150

Patient 5 6XFFF 4800 4 1200 2106.92 103 1769.8 14.2 1849.1 -4.5 145 28 2.3
10XFFF 4800 4 1200 2223.91 103 1769.8 17.6 1859.1 -5.0 117

6XFFF average -3.1
10XFFF average -5.1 26 2.7

average diff
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Figure 1. Box and whisker plot displaying the differences in D2cc between AAA and AXB dose 
calculations in breast plans. Notches indicated standard error on median
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O71 Open source software to compare the reported

MLC positions between Mosaiq and an Elekta linac

S. G. Biggsa, M. J. Sobolewskib

RCCC. (me@simonbiggs.net [Presenting author]),

(msobolewski@riverinacancercarecentre.com.au). aRegistrar Medical

Physicist. bHead of Physics

Introduction This project aims to create an open source, automated,

independent verification tool for comparing MLC positions between

the information system and linac that can be utilised to assess

delivered dose accuracy for every treatment.

Method Recorded delivery parameters are extracted from the Elekta

linac utilising high resolution logfiles and are correlated with the

patient record in Mosaiq. The MLC, Jaw and delivered MU data is

then collected from both the logfile and the Mosaiq SQL treatment

record. This data is used to generate planned and delivered MU

density maps so that meaningful comparisons can be made. A subset

of plans for which MU density differences had been detected had their

pre-treatment Delta4 QA measurement retrospectively analysed to

determine if delivered MU density deviations correlated with deliv-

ered dose deviations.

Results In all, 14 months of logfile patient delivery data across three

linacs were analysed. A given patient delivery highlighted by this

procedure is shown in the figures. Figure 1 provides the logfile and

Mosaiq MU density maps, as well as the MU density difference.

Figure 2 is the result of retrospectively investigating that plan as it

was delivered on the Delta4 during the patient specific IMRT QA.

Conclusion The initial work on this project indicates that discrep-

ancies between planned and delivered doses are able to be predicted

by comparing planned MU density maps to MU density maps gen-

erated from logfiles.

The underlying library code can be accessed from the pymedphys

package (https://github.com/CCA-Physics/pymedphys). The applica-

tion code can be accessed upon request by contacting the authors.

IS06 Deep learning in medical imaging,

with applications in radiomics and diagnostics

L. Oakden-Rayner1,2, MBBS FRANZCR1,2

1School of Public Health, University of Adelaide, Australia. 2Jones

and Partners Medical Imaging. (lukeoakdenrayner@gmail.com)

Artificial intelligence has seen a resurgence of interest in the field of

medical image analysis due to the development of highly effective

deep learning techniques. These techniques have allowed computers

to ‘‘understand’’ the visual world for the first time, resulting in human

level or even superhuman performance at visual medical tasks.

This talk will provide an overview of these methods, and cover

recent advances in the field of medical image analysis. To highlight

the potential scope of this technology, several pieces of local work

will be discussed:

Predicting longevity using CT imaging [1]

Precision medicine approaches rely on obtaining precise knowledge

of the true state of health of patients. We present experiments to

demonstrate how CT imaging may be used to predict patient long-

evity as a proxy for overall health.

Detecting hip fractures from pelvic x-rays [2]

We developed a deep learning system to detect hip fractures from

pelvic x-rays. We demonstrate diagnostic performance exceeding that

of human radiologists.

Producing radiologist-quality reports [3]

We propose a simple extension to deep learning methods to produce

report text directly from images, and show that the generated sen-

tences are preferred by doctors compared to visualisations such as

heatmaps.
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Introduction Staging of PCa includes assigning a Gleason score,

determined by a pathologist based on small samples of tissue from

biopsy or histology slides from pathological specimens. Machine

learning (ML) techniques allow for digital pathology data to be

assessed and graded automatically to assist with staging. This study

presents an ML framework for the location and grading of PCa in

digital pathology data.

Method A tile-based feature extraction method [1] was employed to

create feature maps from high-resolution haemotoxylin and eosin

(H&E) histology images, using expert pathologist annotations of

small foci on 18 slides from a 45-patient cohort as training data.

Random Forest (RF)-based feature selection techniques were applied,

binary classification was performed on Cancer/Non-Cancer (CNC)

classes, and Multiclass classification utilised multiple class labels for

different categories of benign and cancerous tissues. Classification

algorithms k-Nearest Neighbours (k-NN), RF, and Support Vector

Machine (SVM) with linear and Gaussian kernels were compared

using 10-fold cross-validation on the training dataset. Those with the

highest accuracies were chosen to process a selection of 8 test slides

independent of the training set, and predictive maps were generated.

Results Of the classification algorithms tested, the Gaussian SVM

yielded the highest accuracy values of 96.4% for CNC classification,

93.3% for Multiclass classification, and AUC values on test slides

ranged from 0.67 to 0.90. Sensitivity and specificity values ranged

from 0.31 to 0.94 and 0.68 to 0.90 respectively. Predictive maps

showed correlation with pathologist annotations for regions of

tumour, but frequently predicted cancerous regions beyond the

pathologist’s annotations.

Conclusion Results showed the Gaussian SVM classifier had the

highest predictive accuracy, performing consistently above the k-NN

and RF classifiers. The sensitivity and specificity values indicate a

possible imbalance in the training data, which will be explored in

future work.
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Introduction Clinical decision support systems (DSS) combine

multiple variables in a statistical analysis to predict treatment out-

comes. The selection of radiotherapy (RT) treatment of non-small cell

lung cancer varies in practice, with different proportions of curative

versus palliative RT use. We updated an overall survival DSS model

for patients treated with curative RT by including data from additional

institutes in the analysis. Data was stored in three institutions and the

model was built using a distributed learning algorithm.

Method Clinical information and RT planning computed tomography

(CT) data for 810 patients with inoperable, Stage I–III NSCLC treated

with RT between 2003 and 2017 were compiled at three institutions.

There were 511 patients at Institute 1, 96 at Institute 2 and 203 at

Institute 3 for which all required variables were recorded. Of these

patients 466 received curative RT(dose C 48Gy). A support vector

machine for predicting two-year survival was trained across the three

institutions using distributed learning software on a randomly-se-

lected half of the cohort. Assignment to one of three risk groups was

adjusted towards providing treatment selection decision support

between curative and palliative treatment based on the training

cohort. The model was tested on the remaining half of the cohort. The

attributes used were age, gender, performance status, tumour volume.

Results The model had a 0.65 AUC on the withheld data. Analysis for

risk groups is displayed in Figure 1, including the patients who

received palliative treatment. Here, 16% (n = 27) of patients treated

with palliative RT resided in the predicted low risk group and

observed significantly reduced survival(p \ 0.01) over curative

treatment. Alternatively, 12% (n = 29) of curatively treated patients

belonged to the predicted high-risk group and did not observe

increased survival with curative RT(p = 0.075).

Conclusion The distributed model exhibited competitive performance

and is a novel approach to building models informing treatment

selection.
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Purpose Radiomics, mathematical features of images, is a rapidly

expanding area of research. Radiomics features have shown to be

useful in prognostic models predicting outcome for radiotherapy and

other areas and also in predicting diagnosis. Radiomics features

themselves however can vary with changes to the images used for

the analysis. In this investigation we systematically considered the

impact of changes to CT images and the associated radiomics

analysis.

Methods CT data for 97 patients with non-small cell lung cancer

from a single radiotherapy institution was utilised. The planning

target volume region from these images was considered for radio-

mics analysis. Three variations to the image and analysis were

considered. I) Increasing and decreasing voxel size by a factor of

two ii) PTV contour expansion and contraction and iii) Hounsfield

unit intensity binning (descretisation) was varied. Seventy-nine

radiomics features as described in the paper by Aerts et al (Nature

Communications 2014) were assessed for each of the datasets.

A Pearson correlation test was used to assess correlation differences

in radiomics features compared to baseline and Levene’s test was

considered to assess any changes in the distribution of the differ-

encescompared to baseline. A principal component analysis was

undertaken using radiomics features with all imaging variations and

the variance per patient in the first and second principal components

compared.

Results The majority of radiomics feature values were impacted by

changes in voxel size, small variations in contour and Hounsfield unit

intensity bin values. Only 3 features all related to distance measures

showed no significant impact with all variations considered. Figure 1

demonstrates the variation in one feature with the variations

considered.

Conclusion Variation in both imaging parameters and Hounsfield

discretisation chosen for analysis can significantly impact radiomics

feature calculation. Imaging and algorithm consistency should be

carefully considered for radiomics analysis, particularly in multi-

centre investigations.

O75 Predicting Dice similarity coefficients for several

automatically segmented pelvic CT structures using

random forrest regression on intensity similarity

and pyradiomics based quantitative image features
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Introduction When performing automatic segmentation it can be

useful to automatically flag poor quality segmentations. These seg-

mentations could be considered for closer inspection, exclusion from

subsequent analyses or, during multi-atlas based segmentation

(MABS), exclusion from contribution to a final segmentation poten-

tially improving segmentation quality. Correlation coefficients

between the Dice similarity coefficient (DSC; a popular measure of

structure similarity) and intensity similarity (commonly used to rank

atlases in MABS [1]) for low contrast pelvic CT organs are often only

moderate (e.g. [1]). We combine intensity similarity metrics with

quantitative image features to train a Random Forrest Regression

(RFR) model to improve prediction of DSC.

Method Five atlas images were registered to a target set of 498

images with manually delineated structures and then used to propa-

gate prostate, bladder and rectum structures to target images. Feature

sets were constructed from general patient and image features, image
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intensity similarity metrics and differences in quantitative features

calculated using pyradiomics [2]. RFR was initially performed 20

times using all available features. The best features were retained for

subsequent iterations. For each iteration 50% of the datasets, chosen

randomly, were used for training and 50% for validation.

Results The best correlations between any single intensity similarity

feature and DSC were 0.56, 0.77 and 0.59 for prostate, bladder and

rectum respectively. In comparison correlations between predicted

and actual DSC for the highest scoring models (scored on mean

validation set r2 and the out-of-bag error) were 0.75, 0.9 and 0.82 with

and 0.66, 0.81 and 0.72 without using quantitative features.

Conclusion Quantitative features and intensity similarity can be used

to create regression models that provide a level of DSC prediction that

can increase confidence in atlas selection and evaluation of automatic

segmentation success over intensity similarity alone.
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Introduction It is acknowledged that contouring uncertainty is an

obstacle to effective clinical trials in advanced radiotherapy treatment

techniques. However, manual expert review of delineation for all

patients enrolled prior to treatment is logistically arduous and

expensive. We propose a scalable cloud based automated solution for

trial specific review of delineation accuracy. This ‘‘TRAC’’ tool has

the added benefit of enabling rapid clinical translation of study

findings into regular practice.

Method Retrospective data from the prostate SBRT trial PRO-

METHEUS (ACTRN12615000223538) was utilised for this study.

Multi-atlas generation consisted of MRI data from 10 patients, five

observers, three anatomical structures and a rectal stabilisation device

(SpaceOARTM or Rectafix�). A random forest classifier was trained

using a number of contour features (DSC, Components, Volume,

Elongation, Perimeter, Roundness, SphericalRadius, EquivSpheri-

calPerimeter, Flatness) to detect pass/fail on the treated and ground

truth contours using ten-fold cross validation. Accuracy was calcu-

lated bases on how often the model correctly classified pass/fail

contours.

Results Analysis time was approx. 2 seconds per contour. The TRAC

tool was tested on 93 individual trial patients, the number of cases for

training varied from 38 to 80. For patients treated with the Recta-

fixTM, the TRAC tool demonstrated accuracy (k = 6) results (mean ±

SD) of 90.0 ± 0.6%, 57.4 ± 1.2% and 84.8 ± 0.4% for the bladder,

rectum and prostate respectively. For patients treated with the

SpaceOAR� the TRAC tool demonstrated accuracy results of 76.8 ±

0.9%, 72.9 ± 0.1% and 67.6 ± 0.1% for the bladder, rectum, and

prostate respectively.

Conclusion The TRAC tool provides an automated and efficient

means of conducting individual case review of delineation accuracy for

the PROMETHEUS trial. Results reported here are for limited training

data and could be improved with more data and refinement. Further

testing is required for other treatment sites and imaging modalities.
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Radiation therapy physics is currently mainly focusing on advancing

delivery and imaging technology to reduce planning and delivery

uncertainties and on inverse treatment planning techniques to mini-

mize dose to critical structures while ensuring the prescribed dose to

the target. In recent years, there have been more and more efforts

towards outcome imaging and outcome modeling based with the aim

to better stratify treatment options for clinical trials. These efforts are

expected to make an impact particularly in heavy charged particle

therapy where it is important to identify those patients that will most

likely benefit from these more expensive treatment options. Yet, the

path to personalized patient selection and its impact on clinical trials

is still long due to uncertainties in tumor control and normal tissue

complication models.

While these efforts move towards personalized treatment planning

in radiation therapy they do neglected a key aspect, i.e. that treatment

optimization does focus mainly on the effects of radiation while other

modalities are treated independently and empirically. Furthermore,

both are typically standardized and not patient specific. With an

increasing number of chemotherapy agents and the addition of tar-

geted agents as well as immunotherapy, the doses and scheduling of

combined therapies are largely based on clinical experience including

clinical trials. Approaches are heuristically designed. There is no bio-

mathematical modeling to optimize doses and schedules. This is in

contrast to radiation treatments, where the optimization of delivery,

fractionation and dose plays a major role. Bio-mathematical models

are needed for the exploration of the trade-off between radiation and

drug dose. Planning a schedule employing multiple drugs and radia-

tion opens a wide spectrum of possibilities making modeling essential

to guide clinical trial design.

This presentation will demonstrate how bio-mathematical model-

ing can impact clinical trial design in radiation oncology when

administering radiation only as well as when prescribing multi-

modality treatment approaches.
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Introduction During carbon therapy, nuclear inelastic collisions

between primary 12C ions and target nuclei produce a range of

fragments along the beam path, some of which decay via positron

emission after their creation [1]. Positron Emission Tomography

(PET) can be used to obtain the spatio-temporal distribution of

positron annihilations in the target. Direct quantification of the

delivered dose from observation of the spatial distribution of positron-

emitting fragments is difficult due to the complex physics of energy

deposition and inelastic collisions [2]. In this study, a method for

quantification of the dose distribution resulting from a poly-energetic
12C beam is investigated in one dimension.

Method A relationship between observed positron annihilations and

the delivered dose was developed based on the observation that the

spatial distribution of each positron-emitting fragment species is

unique for each primary beam energy and target material. Linear

independence of generated fragment distribution profiles with respect

to beam energy between each of three homogeneous phantoms, and

with respect to the phantom type for each energy, were established for

experimental and Monte Carlo simulation data using cross-correlation

and singular value decomposition. Fragment profiles produced by a

range of primary monoenergetic beam energies and target phantoms

were used to perform factor analysis on activity profiles obtained

following the delivery of randomly-weighted poly-energetic beams to

estimate the proportional contribution of each energy.

Results The calculated set of weighting factors describing the pro-

portional contribution of each energy to the beam were found to be

within 6% of ground truth, and subsequently the dose was estimated

in the entrance, spread-out Bragg peak and dose tail regions to within

4% of the ground truth value.

Conclusion The method for quantification of the dose distribution

resulting from a poly-energetic 12C beam investigated in this study

was able to accurately estimate the dose profile in one dimension.
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Introduction The first Australian particle therapy centre, the proton

centre in Adelaide, has recently gained approval from state and fed-

eral government. There are other particle centre bids under

development/discussion in other states. A national collaborative net-

work is emerging with agreements in place between the SA, QLD and

NSW bid groups and discussion ongoing with VIC. RANZCR and
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ACPSEM have set up particle therapy working groups. One bid

(NSW/ Westmead site) has included carbon (and other) ions, as well

as protons, in its plans. The clinical, scientific and research rationale

for this, within a wider national network is discussed.

Method The physics, radiobiology and clinical literature on carbon

ions is summarised, in comparison to proton beams, to evaluate the

case for carbon ions within a comprehensive Australia-wide approach

to particle/hadron therapy. The current international situation for

carbon ions is reviewed, including comparative costs and benefits for

clinjcal use and for research potential.

Results There are 73 operating particle therapy beam facilities in the

world (? 42 under construction, ? 25 others approved). 11, 5 and 1

respectively are carbon ion facilities. Of the 175k particle beam

patient treatments, 10–15% have used carbon ions. Carbon ion

facilities cost significantly more than for protons only, but the

radiobiological/clinical considerations point to clinical sites where

carbon has potential advantages and the use of low fraction numbers

for carbon treatments begins to bring the costs per patient closer to

protons. The research applications (radiobiology, clinical, medical

physics and the potential use of these beams in many other areas of

scientific research) present significant opportunities for Australia for a

carbon ion centre within a collaborative network of proton centres,

universities, ANSTO, etc.

Conclusion There is a clear rationale/role for a carbon ion centre in

Australia within a comprehensive and collaborative nationally net-

worked approach to particle therapy.
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Introduction The Clatterbridge Cancer Centre (CCC) in the United

Kingdom is the world’s first hospital proton beam therapy facility,

providing successful treatments for the past 30 years. A 60 MeV beam

of protons is produced and transported through a passive delivery

system enabling the precise delivery of uniform dose to ocular tumour

sites. The QUASAR group is developing an online beam monitor

based on LHCb VErtex LOcator (VELO) detector technology for

implementation into the CCC clinical proton beamline. The design of

the monitoring system allows real time measurements by correlation

of the beam halo with the beam current. In order to investigate the

capability of the system as a dose monitor, accurate and validated

simulations are needed for the integration of the detector and also for

the full characterisation of the beam.

Method A model of the beamline has been developed using the

Monte Carlo simulation toolkit GEANT4 which describes the treat-

ment line starting from the vacuum tube containing the double

scattering foils, through to the nozzle. The geometry of the delivery

system components are accurately defined, along with the VELO

sensors positioned within a designated integration zone between the

modulator box and treatment head. The simulation model has been

validated against experimental data, including depth dose and trans-

verse profiles.

Results The CCC beamline model is described in detail and experi-

mental measurements are presented alongside simulated results

achieved with the validated Geant4 model. The integration of the

VELO detectors within the delivery system and recent progress to

correlate halo measurements with delivered dose is also shown.

Conclusion An accurate and validated simulation model of the CCC

beamline is essential to investigate the implementation of the VELO

detector system and its viability as a candidate for online dose

monitoring. This will also facilitate future work into radiobiological

studies and facility upgrades.
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Introduction To ensure that the tumour is covered in proton therapy,

proximal and distal margins are added to the clinical target volume

(CTV) in addition to set-up margins to ensure target coverage. Proton

CT (pCT) and dual-energy CT (DECT) are two technologies that have

the capability of reducing the range uncertainty in proton therapy. In

the current work we wish to examine the dosimetric and potential

clinical outcome implications of utilizing these technologies for

treatment planning of base of skull tumour locations.

Method Nine base of skull patients that had already received radio-

therapy treatment were retrospectively replanned. For each patient,

robustly optimized intensity modulated proton therapy (IMPT)

treatment plans were created for a range uncertainty associated with

conventional X-ray CT and also for a reduced range uncertainty

associated with DECT or pCT. Dose volume histogram statistics and

radiobiological model calculations were analysed for the plans. The

brainstem is the dose limiting structure in this anatomical region and

as such an equivalent normal tissue complication probability (NTCP)

can be expected for the treatment plans. Therefore, radiobiological

comparisons were made on the basis of tumour control probability

(TCP) calculations.

Results On average, the D98 value of the CTV was increased when

comparing plans generated with a 1.5% range uncertainty compared

to plans with a 3% range uncertainty. This was achieved while

maintaining a consistent or reduced brainstem maximum dose. In

terms of TCP, values were on average greater for the 1.5% range

uncertainty robust optimization, but differences were not statistically

significant.

Conclusion Reducing proton range uncertainty to 1.5% with the use

of DECT or pCT will improve dosimetric parameters of plans gen-

erated with robust optimization. The dosimetric improvements

translated to an improvement in TCP on average with the model

parameters used in the current work.
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Introduction Proton therapy dose distributions are sensitive to

uncertainties in patient stopping power estimations and patient set-up

variations. For this reason, the concept of robust optimization and

robust plan analysis are becoming commonplace in proton therapy.

We hypothesize that the greater the modulation complexity of a spot

scanned intensity modulated proton therapy (IMPT) plan, the less

robust the plan becomes. The purpose of this work was to investigate

the correlation between plan robustness and modulation complexity

using different metrics to quantify these concepts.

Method Nine base of skull patients that had already received radio-

therapy treatment were retrospectively replanned. For each patient,

two IMPT plans were generated; one with robust optimization and

one without. For the robust optimization, range uncertainties of 3%

and set-up uncertainties of 3 mm were included. Both plans were

subject to robust plan analysis using the same values for range

uncertainty and set-up uncertainties stated above. Plan robustness was

quantified by assessing the spread in D98% values of the clinical target

volume (CTV) and D0.3cc of the brainstem dose volume histogram

across all plan uncertainty scenarios. Modulation complexity was

quantified using three metrics; the standard error in spot weights, the

total variation in spot weights, and the entropy of spot weights.

Results The highest correlation between plan robustness and com-

plexity of proton beams was observed when using the standard error

to quantify beam complexity. Total variation displayed a similar level

of correlation, while entropy did not display a strong correlation.

Conclusion The standard error in spot weights for each beam was

found to correlate with plan robustness. This simple metric may be

added to the cost function of inverse planning algorithms to further

improve plan robustness to uncertainties in patient positioning and

proton beam range.

Figure 1: An example of the correlation between the standard error in spot weights and plan 
robustness as assessed by the spread in D98 values for all plan uncertainty scenarios.
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Introduction It has been recommended that radiological personal

protective equipment (PPE) should be regularly tested for shielding

integrity. For sites that do not have access to large field of view fluoro-

scopic equipment the process of testing PPE can be problematic.

Alternative techniques for PPE testing include tactile testing and use of an

infrared light source and camera. In this paper it is proposed that high

brightness LED light sources can provide a low cost solution that operates

at suitable level of detectability to be used in the clinical environment.

Method To test the limits of detectability several test phantoms with

holes and slits of known size was developed and used with a 1800

lumen high brightness LED worklight as purchased from a national

supermarket chain.

Results Limit of detectability was measured as being 1–2 mm

diameter circular holes, 1 mm2 for square holes and at least 10 mm for

slits in the vinyl sub-layer. It is noted that successful application of

this technique relies on (a) the ability of the operator to be able to

effectively stretch the PPE material to ensure any cracks/slits open up

and (b) the type of pattern on the outer covering of the PPE. Use of

heavily patterned coverings can substantially reduce contrast

detectability of defects/slits in the vinyl.

Conclusion The development of this innovative technique is a pro-

duct of the cross-fertilisation of ideas between biomedical engineers

and medical physicists. The outcome of this paper has determined that

the use of a high intensity LED worklight allows for a practical cost-

effective tool that can be used as an alternative method for regular

testing of radiological PPE. It is considered that the best application

of this technique is in low-risk areas where the gold-standard of flu-

oroscopic screening is not available.
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Introduction The Personal Radiation Monitoring Service at the

Australian Radiation Protection and Nuclear Safety Agency has been

in operation for over 80 years and for the past 30 years all worker

reported doses have been recorded in a digital database.

Methods The database was queried to calculate the average and 90th

percentile annual radiation doses received by workers in various

medical occupations over a range of years.

Results The occupations in which workers consistently receive the

highest annual average doses are associated with Nuclear Medicine. In the

most recent financial year Nuclear Medicine Technologists and Specialists

received average annual doses of 0.90 mSv and 0.38 mSv respectively.

Similarly, the occupations with the highest 90th percentile doses were also

Nuclear Medicine Technologists with 2.21 mSv and Nuclear Medicine

Specialists with 0.86 mSv. Medical Physicists in Radiation Oncology and

Diagnostic Imaging both receive average annual doses of 0.12 mSv.

Radiotherapists receive average annual doses of\0.10 mSv. The largest

group of workers, making up 33% of the total, was Radiographers who

received an average annual dose of 0.10 mSv.

Of all workers in medical occupations 64% received average annual

doses less than the minimum reportable limit for the system, which is

0.1 mSv. Of the workers who received doses higher than 0.1 mSv, 72%

received doses\0.25 mSv and 92% received doses less than 0.5 mSv.

Conclusion According to the ARPANSA PRMS database, the

majority of radiation workers in medical occupations receive average

annual doses of\0.1 mSv, which is below the public exposure limit

of 1 mSv and well below the occupational exposure limit of 20 mSv.
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Introduction The Australian Radiation Protection and Nuclear Safety

Agency (ARPANSA) has recorded CT scan parameter and dose index

data from facilities utilising the National Diagnostic Reference Level

Service (NDRLS) since 2011 [1]. Analysis of this data reveals trends

in the relationships between scan parameters, patient characteristics

and radiation dose. This information is potentially useful in guiding

optimisation and informing comparisons of typical doses with DRLs.

Method Intra-class correlation (ICC) was used to measure the total

variability in radiation dose metrics between and within surveys over

the period 2011–2016. Linear regression models using generalized

estimating equations (GEE) with an exchangeable working correla-

tion structure were fitted to log(DLP) and log(CTDIvol) for each

anatomical region in univariate and multivariate analyses. This yields

estimated population-averaged relationships between the independent

variables and patient-level outcomes, adjusting for any patient-level

characteristics included in the model [2]. All analyses were performed

using Stata/SE version 15.0 (StataCorp LP, College Station, TX) and

statistical significance was assumed at p\ 0.05.

Results After excluding surveys for young patients (\ 20 years) and

those with incomplete data, 3,844 surveys including 66,019 patients

remained in the analysis. Example results for CTDIvol are shown in

Table 1. Dose metrics showed a strong correlation with patient

weight, increasing 20% per 10 kg for body scans, falling to only 2%

for head scans. Doses also rose as a function of kV, around 10% per

10 kV step. As previously reported [3], doses were 15-30% lower

with the use of iterative reconstruction. Doses for males tended to be

lower than females for body scans but higher for the head and neck

regions. Variations across scanner models covered ranges of 20–40%.

Table 1 – Effect of scan parameters on CTDIvol

Parameter
& change Scan Region

Abdo-
Pelvis

Head Lumbar 
Spine

Chest CAP 
(1Φ)

CAP 
(2Φ)

Neck

Weight
/10 kg +20% +1.9% +20% +20% +19% +19% +14%

Age
/decade +2.1% N/S +3.2% N/S N/S N/S N/S

Sex
M vs F -11% +3.2% -11% +1.7% -7.9% -5% +4.9%

Make
(range) 20% 33% 23% N/S N/S 37% 42%

kVp
/10 kV +5.8% +8.1% +12% +7.5% +10% N/S +17%

Pitch
/unit -17% N/S N/S -15% N/S N/S -25%

Contrast
Y vs N N/S N/S N/S N/S N/S N/S -16%

Modulation
Y vs N N/S -8.1% -18% N/S N/S N/S N/S

Helical
vs Axial N/S N/S +25% N/S N/S N/S N/S

Iterative
Y vs N -24% -15% -19% -30% -33% -31% -26%

mAs
/100 mAs N/S +8.8% N/S +3.7% N/S N/S N/S

N/S – Not significant

Conclusion Analysis of NDRLS data quantifies trends in dose metrics

as a function of scan parameters. These results may be used to inform

comparisons of typical doses with DRLs, particularly for non-stan-

dard patient cohorts.
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Introduction Australian National Diagnostic Reference Levels

(DRLs) were first established for adult computed tomography (CT)

procedures in 2012 [1]. Since that time, the ARPANSA National

Diagnostic Reference Level Service (NDRLS) has continued to

receive data submitted by facilities using the service to conduct

comparisons of typical dose levels against the national DRLs.

NDRLS data was reviewed in early 2018 to establish revised national

DRLs for adult CT.

Method Dose metrics (CTDIvol, DLP) and patient data are collected

for a particular imaging protocol on a given imaging device at an

imaging facility. Additional data describing the imaging protocol are

also collected. Facility reference levels (FRLs) are computed for each

such survey as the median values of the dose metrics. The distribution

of FRLs for each imaging protocol is analysed to derive a DRL. A

liaison panel comprising representatives from professional groups and

industry bodies reviewed the data and recommended revisions to the

DRLs.

Results The revised DRLs (Table 1) are based on the data submitted

to the NDRLS in the 2017 calendar year. The liaison panel recom-

mended that the neck region be split into separate cervical spine and

soft-tissue neck categories. The existing neck data was assigned to the

new categories using the implied scan length (DLP/CTDIvol) and the

additional protocol data. A new category for kidney-ureter-bladder

has been created with DRLs based on the abdomen-pelvis data. The

revised DRLs are 10–30% lower than the previous values.

Table 1. Revised Australian National DRLs for adult CT

Scan Region CTDIvol

(mGy)
DLP
(mGy.cm)

Head 52 880
Cervical spine 23 470
Soft-tissue neck 17 450
Chest 10 390
Abdomen-pelvis 13 600
Kidney-ureter-bladder 13 600
Chest-abdomen-pelvis 11 940
Lumbar spine 26 670

Conclusion Revised national DRLs for adult CT have been adopted.

The new DRLs are 10–30% lower.
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Introduction There are facts, there are alternative facts (also called as

opinions) and there are lies in any subject. The subject of ionising

radiation protection is no exception to these diverging views. Acti-

vists, social media, political commentators have hijacked the domain

of radiation protection and it appears scientists have fled the scene in

desperation. This paper examines why such irrational media frenzy

and social fear exists.

Method A vast amount of literature on radiation safety is available in

public domain. While some literature has sound scientific foundation,

much of the literature on radiation safety can be regarded as opinions

of people and fails when tested with scientific scrutiny. When

studying the history of x-rays for medical and industrial use one

realises that dose limits for radiation protection have been progres-

sively lowered. This paper examines the impact of the current

radiation protection dose limits standards on the society.

Results While, the dose-response upon which these standards are

based are accurate for high levels of acute radiation exposure they are

not representative of the biological response of the human body at low

levels of chronic radiation exposure [1]. Although exposure to low

levels of radiation would cause some DNA damage, it would also

trigger the defensive responses of the body by producing antioxidants

and DNA repair enzymes [2]. With the boosted defences, there would

be less endogenous DNA damage [3].

Conclusion The overt conservatism in radiation protection standards

has led to large investments in protection infrastructure such as over

engineered radiation protection mechanism, for no benefit to public

health or safety. An open discussion based on sound scientific

knowledge is needed to ensure evidence-based policies are imple-

mented to deliver adequate levels of public health and safety and to

remove unreasonable fear of radiation.
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Introduction Radiation doses received by the public must be kept as

low as reasonably achievable, economic and social factors being

taken into account. One social factor to consider during paediatric

examinations is anxiety for the carers. This anxiety can be magnified

when the radiographers request that the carers don protective gar-

ments to restrain the child during a general X-ray examination,

immediately after explaining the minimal radiation risks of the pro-

cedure to their child.

Method AirKERMA measurements were taken with a RaySafe X2

survey sensor (RaySafe, Sweden) using 10mAs exposures over a kVp

range from 40 to 100kVp. Patient scatter was simulated with Perspex

thicknesses between 2.5 and 22.5cm and measurements made at four

different locations where a carer would likely be standing during an

examination.

The measured AirKERMA was then matched to each general X-ray

protocol at our clinic to estimate the potential radiation exposure to

the carer.

Results Using the measured data, our protocol was revised to require

that a protective garment be worn by carers when the expected

radiation exposure is likely to be more than 2 uSv, or 12 h’ worth of

Australian natural background radiation. For ease of use by the

Radiographers this translated to a work procedure stating that lead

aprons must be worn by carers for ‘‘Patients above 60 kg for all

general X-ray exposures except extremities and all spine X-rays in

buckys’’. For all other examinations, a protective garment is not

required but will not be refused.

Conclusion The introduction of this work procedure has allayed

many concerns that parents may have while their child is undergoing

a general X-ray examination and created an easier workflow for

Radiographers as they do not have to ensure carers don lead for

examinations resulting in negligible radiation exposure to the carer.
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Introduction Ideally lead equivalence for protective garments should

be determined using broad beam exposure conditions, but this is not

practical, and unrealistic narrow beam geometries have been used in

the past (in accordance with AS/NZS 4543-1 [1] for example). The

second edition of IEC 61331-1 [2] provides an ‘‘inverse broad beam’’

geometry that is practical and apparently produces results equivalent

to broad beam attenuation measurements.

Method This work uses monte-carlo simulation to compare the

attenuation results of a conventional broad beam measurement set-up

against an inverse broad beam geometry. The geometries as specified

in IEC-61331 have been coded in EGSnrc, and transmission of typical

diagnostic x-ray spectra with kVps in the range 50–120 kV through

0.3 mm of antimony have been modelled with kerma being scored in

idealised ion chambers.

Results The inverse broad beam geometry produces a greater atten-

uation in all cases by amounts from 5 to 10 % for the beams from 50

to 120 kVp. The statistical uncertainty in the monte-carlo calculations

is approximately 2 %, so the differences are significant.
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Conclusion Whilst there is a difference in the attenuation ratios

determined according to each geometry, this difference when

expressed in terms of lead equivalence is relatively insignificant (0.20

mm Pb with broad beam geometry compared to 0.21 mm Pb for the

inverse broad beam at 90 kV), and so the method prescribed in IEC-

61331 can be considered valid according to the work reported here.
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Introduction Mycosis fungoides is a form of lymphoma that

specifically affects the patient’s skin, which can be effectively treated

using total skin electron therapy (TSET, also known as TSEI and

TESBT) [1]. During a TSET treatment the patient stands at a distance

from the radiation source, so conventional computerised simulation

and treatment planning methods cannot be used [2]. This study aimed

to provide a preliminary analysis of an archive of in vivo dose

measurement data obtained using optically stimulated luminescence

dosimeters (OSLDs) and used to verify or modify monitor unit (MU)

calculations for TSET patients treated over the last six years.

Method Records and OSLD measurement data were obtained for 10

TSET cases that were treated between 2013 and 2018, inclusive. All

treatments were delivered using a local version of the Stanford

technique [3, 4]. Measurement data were aggregated and analysed.

Results There was no recorded change in prescription for 5 cases. The

remaining 5 cases required MU adjustments to compensate for dose

differences of 3.5% to 16% that were detected using OSLDs on the

front and back of each patient’s thorax and abdomen. All large

changes were attributed to ‘‘change in stance’’; the patients were

observed leaning closer to or further from the spoiler screen during

treatment than they were during physical measurements for the initial

dose calculation. OSLD measurements also indicated the necessity of

adding or removing shielding of the hands and feet during each

treatment course, to prevent localised over-dosing or under-dosing.

Conclusion The results of this preliminary investigation confirm the

importance of obtaining in vivo measurements of skin dose at a range

of points (from trunk to extremities) for patients treated using TSET

or any other form of radiotherapy that requires the patient to stand

with minimal support.
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Introduction 3DBolus by Adaptiiv is new software designed to

produce 3D printed bolus for radiotherapy, including simple TPS

generated bolus, modulated electron bolus and brachytherapy skin

moulds. We assessed 3DBolus for designing 3D printed clinical bolus

in-house, including modulation of electron bolus to more closely

shape around the PTV, or reduce hotspots.

Method Previously treated clinical plans were anonymised and 3D

bolus generated in the software. The plans included single thickness

simple bolus for sites such as face, leg and vulva, a rectangular nose

block, modulated bolus for nose, face, and chestwall, and

brachytherapy moulds for scalp and lower leg. Test 3D prints were

performed from the generated bolus. 3Dprinter filaments were tested

for suitable clinical bolus material, and quality assurance procedures

were developed.

Results Four Filaments (Polylactic Acid (PLA), Copolyester (CPE),

Thermoplastic Polyurethane (TPU), Polycarbonate (PC) were tested

for clinical bolus suitability, with TPU 95A identified as the preferred

option due to its flexibility and durability. All four materials had

relative electron densities of * 1.09, physical densities of * 1.2

g/cm3 and * 1% of dose enhancement compared to the same

thickness of solid water.

3DBolus was found to be easy to use and provided a convenient

software option for producing simple bolus. Brachytherapy bolus

moulds allowed the catheter position to be changed and tested. The

ease of generating modulated electron bolus was found to depend on

the complexity of the PTV, surface anatomy and heterogeneity.

Straightforward cases such as Figure 1 were easy to generate. Cases

with very complex surface anatomy could produce over-modulated

bolus, though simplifying the shape of the PTV reduces the over-

modulation.
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Conclusion 3DBolus was found to be a useful addition to our clinic.
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Introduction Kilovoltage x-ray beams are commonly used for the

treatment of skin cancers. For the very low energy beams, the

dosimetry can be challenging and many dosimeters are not water-

proof. This project evaluated the radiological water equivalence of

various solid phantoms for very low energy X-ray beams.

Method Percentage depth doses in eight different solid phantoms and

surface doses to a small water volume were calculated using EGSnrc

for four X-ray beams with peak potentials from 30 – 80 kVp (with

HVLs from 0.3 to 1.2 mm Al). For the EGSnrc calculations, all the

relevant calculation options were used as well as the XCOM photon

cross section data option. The primary photon spectra was calculated

using SpekCalc and the number of incident photons for the Monte

Carlo calculations was chosen so that the calculated uncertainty was

less than 1%. Reference doses were calculated in the water phantom

only.

Results In general, the calculated PDDs and surface doses calculated

in the solid phantom had increasing differences as the beam energy

decreased. For the RMI457 Solid Water, Virtual Water and Plastic

Water DT solid phantoms, the calculated depth doses were all within

1% as compared to those calculated in water for the 30 kVp X-ray

beam. In comparison to the depth doses in water, the depth doses in

Plastic Water had relative differences of up to - 19.8% and poly-

styrene had relative differences of up to 20.4% for the 30 kVp X-ray

beam. The differences in doses generally decreased as the x-ray beam

energy increased.

Conclusion This work has evaluated a number of solid phantoms for

the dosimetry of very low energy x-ray beams. The RMI457, Virtual

Water and Plastic Water DT solid phantoms have been shown to be

suitable even at the very low energies without the need for any

correction.
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Introduction Total skin electron therapy (also known as total body

electron therapy) is used for the treatment of Mycosis fungoides, a

common form of cutaneous T-cell lymphoma. Total skin electron

therapy (TSET) employs a low energy electron beam from a clinical

linear accelerator to deliver a whole body superficial radiation dose

to the cutaneous lesions while sparing the underlying tissue and

organs.

Method A commissioning workflow for the TSET technique on a

Varian Truebeam linac using IAEA TRS-398 formalism [1] is pre-

sented in the current work. All dosimetric measurements were

verified using Gafchromic EBT3 film and TLD chips. A number of

unique phantoms were built and novel techniques employed during

the process to enable an accurate and efficient commissioning work

flow.

Results Verification of the TSET technique was performed using film

and TLD in several end-to-end tests on the anthropomorphic

phantom Rando. Average dose results from 40 pieces of radio-

chromic film and 13 TLDs attached to Rando were within 2.7%

of the prescribed dose (12 Gy in 6 fractions) on all three

occasions.

To date, three patients have been treated. Mean doses to the surface

of the skin from TLD and film results for these patients were

- 0.5%, ? 9% and - 2.9% of the prescribed dose. Clinical follow-

up of the first patient indicated excellent clinical response. The only

remaining lesion after treatment was located in shielded left medial

calf.

Conclusion TSET has been commissioned in the current work

using IAEA TRS-398 formalism and a variety of custom phan-

toms designed to aid commissioning efficiency and accuracy.

Patients treated to date have shown excellent clinical response.
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Introduction The WOmed T-200 kV therapy system includes PC-

based ‘‘Radiation Control II’’ software (RC2) which operates the

machine and features a database for scheduling and recording patient

treatments. RC2 allows selection of beam, applicator, depth and an

optional ‘mask’. The treatment time is then calculated based on

tables entered during commissioning. In addition, in our clinical

practice standoff is often used and the prescription is sometimes

changed following in vivo dosimetry. The goal was to operate the

machine with real input parameters without the need to calculate

factors separately as done elsewhere [1].

Method In our implementation the mask includes the impact of

standoff and effective diameter (ED) of the field. RC2 allows 40

masks in total with mask values assigned to them for beam-applicator

combinations. A set of depth doses can be defined for each mask.

The limit of 40 necessitated selection of combinations of standoff and

ED. The EDs were selected based on the available applicators, and

selected additional EDs to minimize dose error due to discretisation

between EDs.

Since simple prescription changes were not easily performed, for

each mask factor a three step depth dose was defined with 0.97, 0.95

and 0.9 relative doses, to allow prescription adjustments i.e. to the

97/95/90% isodose’’.

Results The masks were defined as in Table 1. Available standoffs

were limited to 0, 0.5 cm and 1 cm. Mask factors were calculated

using interpolated backscatter factors and effective SSDs and entered

using .ini files. Each mask factor was manually verified.

Conclusion Using real input parameters for RC2 increases trans-

parency of the process and thereby reduces the chances of errors.

With a limited number of masks available, the necessary discretiza-

tion of ED will lead to small, known systematic deviations. The

discretization of standoff simplified the clinical process and might

also reduce errors.

Table 1: Masks 
Mask ED Standoff Comment
# [cm] [cm]
1 1 0
2 2 0 Ø 2 cm applicator
3 2 0.5 Ø 2 cm applicator
4 2 1 Ø 2 cm applicator
5 2.5 0
6 2.5 0.5
7 2.5 1
8 3 0 Ø 3 cm applicator
9 3 0.5 Ø 3 cm applicator
10 3 1 Ø 3 cm applicator
11 3.5 0
12 3.5 0.5
13 3.5 1
14 4 0 Ø 4 cm applicator
15 4 0.5 Ø 4 cm applicator
16 4 1 Ø 4 cm applicator
17 5 0 Ø 5 cm applicator
18 5 0.5 Ø 5 cm applicator
19 5 1 Ø 5 cm applicator
20 6 0
21 6 0.5
22 6 1
23 7 0
24 7 0.5
25 7 1
26 7.7 0 (6 x 8 cm2 applicator)
27 7.7 0.5 (6 x 8 cm2 applicator)
28 7.7 1 (6 x 8 cm2 applicator)
29 9 0
30 9 0.5
31 9 1
32 9.9 0 (8 x10 cm2 applicator)
33 9.9 0.5 (8 x10 cm2 applicator)
34 9.9 1 (8 x10 cm2 applicator)
35 13.3 0 (10 x15 cm2 applicator)
36 13.3 0.5 (10 x15 cm2 applicator)
37 13.3 1 (10 x15 cm2 applicator)
38 16 0
39 16 1
40 22.2 0 (20 x 20 cm2 applicator)
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Introduction The WOLF Medizintechnik (WOmed) T-300 system is

a ceiling-suspended orthovoltage unit distributed with a timer calculator

and record and verify system RadControl-II. The Royal Brisbane &

Women’s Hospital replaced a Gulmay D3300 with a T300 system in 2018.

Method Acceptance and commissioning was completed in accor-

dance with recommendations of the customer acceptance test (CAT)
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document [1], ACPSEM position paper [2], AAPM TG-61 [3] and

CPQR guidelines [4]. Beam qualities, selected to nominally match

existing D3300 values, are listed in Table 1.

Table 1. WOmed T-300 system beam qualities

Filter
Filtration Vtube

(kV)
Igun

(mA)
HVLnom

(mm Al)Be Al Cu Sn
1 3.0 0.9 - - 70 30 1.11
2 3.0 2.1 - - 100 30 2.67
3 3.0 3.7 - - 100 30 3.89
4 3.0 0.8 0.2 - 100 30 5.97

Filter
Filtration V

(kV)
I
(mA)

HVLnom

(mm Cu)Be Al Cu Sn
5 3.0 1.3 1.0 - 232 12 1.81
5 3.0 1.3 1.0 - 300 10 2.41
6 3.0 0.8 1.6 - 300 10 2.91
7 3.0 0.8 2.6 0.5 300 10 3.92

Results The treatment system satisfied conditions of the CAT docu-

ment. Measured data was entered into the RadControl-II software for

clinical timer calculations. Observations included: Half-value layer

(HVL) calculations using absorber-specific Nk-corrected air-kerma

values differed from HVLs calculated using raw ionisation mea-

surements by 4.6% for 70 kV beam.

• The use of a single absorber measurement, as suggested in the

CAT process resulted in a HVL that differed from corrected

regression-derived HVL by 7.1%.

• The use of the Attix method for timer end effect calculation

differed from extrapolation calculations by up to 9.6%.

• Plastic rubbish bin liners have an appropriate composition and

thickness for removing contaminant electrons.

Conclusion The ACPSEM position paper, used in parallel with other

international recommendations, provided valuable guidance that

helped clarify the processes required for superficial system commis-

sioning. Generally, established and widely-recommended test

methods provided more accurate results than otherwise-attractive

simplified techniques.
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Introduction In regard to the increasing use of small field photon in

clinical treatment, in this study, we investigate the use of small field

electron beam in clinical treatment. The aim of this study was to

evaluate small field electron beam dosimetry of the nasopharyngeal,

thyroid and ethmoid sinus carcinoma cases.

Method Treatment planning was made using Precise plan and Eclipse

TPS. Dose measurement was done using EBT3 film on Elekta Syn-

ergy Platform and Varian Trilogy LINAC using various field size

from 5 9 5 cm2 until 1 9 1 cm2 with 6, 12, and 15 MeV. The

evaluation was done to seek discrepancies of dose in the 100, 90, 80,

70 points of intersection between isodose and central axis, for each

case.

Results In nasopharyngeal cases with a homogenous area and irreg-

ular surface, the dose discrepancies for 6 MeV energy was

unpredictable except for 5 9 5 cm2 field size. For all energies in

5 9 5 cm2 field size, the dose discrepancies were less than 3%. In

these cases, we found that smaller electron beam field will increase

the percentage of the discrepancy. This is caused by the effect of the

lateral scatter disequilibrium in small field electron beam that causes

the decrease of the output factor. Otherwise, another analysis found in

the increasing depth evaluation causes an increase of dose discrep-

ancy. For ethmoid sinus cases, dose discrepancy depends on the field

size and inhomogeneity of bone and tissue. From the result, inho-

mogeneity of the bone on small electron field does not significantly

influence the dose discrepancies.

Conclusion Higher dose discrepancy correlates with smaller field size

(lack of lateral scatter disequilibrium), smaller energy, greater depth

and low homogeneity. From this research, we found that the effect of

inhomogeneity caused by the air cavity (ethmoid sinus) contributes to

higher dose discrepancy far more than the discrepancy caused by

bone.
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Introduction Monte Carlo (MC) methods are widely used to solve

complex physical and mathematical problems. This holds especially

true for radiation transport simulations in complex and heterogeneous

geometries. These specialized MC simulation codes rely on realistic

transport models and interaction cross sections with the material

under consideration. While full MC simulations are still not feasible

for treatment planning, they can be used to study, benchmark, and

improve treatment planning systems and to provide useful informa-

tion on the interpretation of results in diagnostic imaging.

Method Basic principles of MC radiation transport simulations are

reviewed for different radiation qualities and length scales. MC

simulation codes range from specialized home-made codes (e.g.,

PARTRAC), to general purpose codes (e.g., Penelope, MCNP) to

heavy ion codes and code systems (e.g., Fluka, Geant4, Gate, Topas).

Results Typical applications in the area of medical physics and

diagnostic imaging as well as recent advances in the field are
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discussed. Hot topics include heavy ion transport and biological dose

and the modelling of nano-particles.

Conclusion Monte Carlo modelling and MC codes are an important

tool in all aspects of medical physics. Codes and possibilities evolve

with the evolution in computation.
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The Medical Device Partnering Program (MDPP) was established in

2008 by Flinders University as an ‘‘ideas incubator’’ connecting

partners and de-risking product concepts. The Program supports the

development of novel medical devices and assistive technologies by

facilitating unique collaborations and partnerships between research

institutions, companies, healthcare providers, and manufacturers. The

MDPP provides a mechanism for prototype development, proof of

concept studies, and clinical and market validation. It is tailored to

deliver industry driven research outcomes with impact, providing a

transparent, facilitated process of engagement, reduced risk in the

innovation process, and access to relevant expertise.

Since its launch, more than 80 innovations have progressed

towards market, including: a probe for determining cancer tumour

margins during surgery; a hydration monitoring device; an arm-splint

for first-aid; tools to enhance orthopaedic fixation; and light therapy

glasses.

Due to the success in South Australia the MDPP is currently

positioning itself for a national rollout of the program, with the aim of

connecting research, healthcare and manufacturing capability across

the nation and cementing Australia’s position as a leader in the

growing medical devices market.

In this presentation, Professor Karen Reynolds, Director of the

MDPP, will provide insights into the Program and give examples of

some of the companies and products it has supported.

O96 A year of volunteering in Cambodia

N. C. Shelton

Department of Radiation Oncology, ONJCRWC Austin Hospital,

Australia. (Nikki.shelton@austin.org.au)

Introduction An update on the Australian Volunteers in International

Development (AVID) Radiotherapy Physics Trainer assignment

based in Phnom Penh, Cambodia. The objectives of AVID are to

support the capacity of Host Organisations to deliver effective and

sustainable development outcomes as well as to promote a positive

perception of Australia in the Indo-Pacific region through the con-

tribution of volunteers. The assignment titled ‘‘Radiotherapy Physics

Trainer’’ is supported by the Australian Government Department of

Foreign Affairs and Trade (DFAT), as part of Australia’s Aid pro-

gram, committed to promoting prosperity, reducing poverty and

enhancing stability in the region.

The Partner Organisation in Australia is the Australasian College of

Physical Scientists and Engineers in Medicine, which helps to support

assignments like mine through The Better Healthcare Technology

Foundation and the Asia Pacific Special Interest Group. The

objectives of the assignment are to provide training to medical

physicists and RTTs at National Cancer Centre (NCC) at Calmette

Hospital in order to develop an international standard radiation

oncology program. This involves the commissioning and develop-

ment of QA for a Varian 21iX, Eclipse TPS, a Varian HDR with TPS

and a GE RTCT Scanner.

The long-term plan for radiation oncology provision by the Cal-

mette NCC is to establish themselves as the foremost cancer centre in

Cambodia with the view to expand to 3 linacs in Phnom Penh as well

as to set up regional centres for the provinces.

Conclusion This presentation will provide an overview of the work

being done at Calmette Hospital, including an insight into the status

of medical physics in Cambodia. I will discuss some of the challenges

of teaching radiotherapy physics that presented themselves along the

way as well as some of the highlights of being given the opportunity

to lay a solid foundation for the future of radiotherapy treatment in

Cambodia
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Introduction Dosimetry in MR-guided radiotherapy is challenging

due to variation in response of detectors as a result of the magnetic

field. These changes in response for microDiamond detectors have

previously been explored through simulations [1], measurements in a

perpendicular magnetic field [1–3] and measurements for a 0.21 T in-

line magnetic field [4]. How the detector responds in a 1 T in-line

magnetic field is of interest to the Australian MRI-linac (MRL)

project.

Method The Australian MRL has the unique feature that the linac is

mounted on rails allowing for measurements to be performed at dif-

ferent magnetic field strengths while maintaining a constant SSD. The

microDiamond’s response at 1 T has been assessed at the MRL

isocentre, and the response at * 0 T was achieved by retracting the

linac so the phantom was within the fringe field of the magnet where

the field drops off. PDDs were acquired for a range of field sizes for

both setups. GAFchromicTM film measurements at the surface of the

phantom while inside the magnet were also obtained for different field

sizes in order to characterise the size and intensity of the electron hot

spot, caused by the fringe field of the Australian MRL system.

Results PDDs for a 6.1 9 5.8 cm2 field are shown figure 1 (left) with

a maximum difference of 0.7% between the PDDs. We can only

compare depths 2 cm and beyond where the magnetically focused
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contaminant electrons have been completely absorbed. Figure 1

(right) demonstrates the approximately linear increase in surface dose

as a function of field size with 760% more dose at a depth of 1 mm

relative to 51 mm for the largest field size, the size of the hot spot for

this field can been seen in the 2D dose distribution.

Conclusion The microDiamond’s relative response has no significant

difference in the presence of a magnetic field. This detector has

proven to be useful for characterising the surface dose for the Aus-

tralian MRL.
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IS08 Recent development of solid state microdosimetry

and its applications in particle therapy

L. Tran

The University of Wollongong

Particle therapy has many advantages over conventional photon

therapy, particularly for treating deep-seated solid tumours due to its

greater conformal energy deposition achieved in the form of the

Bragg peak (BP). Successful treatment with protons and heavy ions

depends largely on knowledge of the relative biological effectiveness

(RBE) of the radiation produced by primary and secondary charged

particles. The RBE prediction based on microdosimetric approach

using the tissue equivalent proportional counter (TEPC) measure-

ments in 12C therapy has been reported, however large size of

commercial TEPC is averaging RBE which dramatically changes

close to and in a distal part of the BP that may have clinical impact.

Moreover, the TEPC cannot be used in current particle therapy

technique using pencil beam scanning (PBS) delivery due to pile up

problems associated with high dose rate in PBS.

Based on many years of experience in development of silicon-on-

insulator (SOI) microdosimeter, the Centre for Medical Radiation

Physics, University of Wollongong, has successfully developed a

microdosimetric probe which is based on a SOI microdosimeter with

3D micron sized sensitive volumes (SVs) mimicking dimensions of

cells, known as the ‘‘Bridge’’ and ‘‘Mushroom’’ microdosimeters, to

address the shortcomings of the TEPC [1, 2]. The silicon micro-

dosimeters provide extremely high spatial resolution and were used

to evaluate the RBE of 290 MeV/u 12C, 180 MeV/u 14N and 400

MeV/u 16O ions at Heavy Ion Medical Accelerator in Chiba

(HIMAC), Japan [3] as well as to measure the microdosimetric

distributions of a proton pencil-beam scanning (PBS) and passive

scattering system at the Massachusetts General Hospital (MGH)

Francis H. Burr Proton Beam Therapy Center, USA [4]. Preliminary

cell survival experiments on proton therapy beam in conjunction

with SOI microdosimetry demonstrated good correlation between

cell survival based RBE and predicted RBE based on measured dose

average lineal energy with developed probe and microdosimetric

kinetic model (MKM).
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Introduction This study describes the investigation of lung tumour

peripheral doses for a range of photon energies calculated in the

Monaco� TPS and delivered using an Elekta AgilityTM.

Method To simulate a Lung tumour, a wet sponge of similar size to

human lung with a 47 mm diameter hole holding gelatine filled

polyethylene terephthalate (PET) vials was CT scanned. With a

water retention weight of 640 grams the HU of the sponge was

equivalent to that of lung tissue. Images were exported to the

Monaco TPS.
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To measure dose polymer gel dosimeters were manufactured using

materials and methods described elsewhere (1), poured into vials and

immersed within the sponge. A vial filled with 95% H2O and 5%

gelatine had a thin slit cut into its centre to hold a strip of EBT3 film

and immersed within the sponge. Conformal arc treatment plans were

generated with energies of 6MV, 6MV FFF, 10MV FFF and 15MV.

Dose planes were exported for comparison with measurements. The

sponge with dosimeters were then irradiated according to the treat-

ment plan and the polymer gel dosimeters were imaged using a 1.5T

MRI scanner with T2 maps generated (2). The EBT3 films were

scanned using an EPSON V850 scanner and profile comparisons

between the TPS and dosimeters were performed using in-house

MatlabTM code.

Results Measurements suggest that Monaco� over estimates dose in

the build-up peripheral region of tumour equivalent tissue in lung for

the photon energies investigated in this study.

Conclusion Two independent dosimetry techniques indicate Mon-

aco� is overestimating dose in the build-up peripheral region of

tumour equivalent tissue in lung. Further investigations will be per-

formed to fully characterise this finding including energy dependence.
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Introduction Synchrotron microbeam radiation therapy (MRT) is a

novel pre-clinical therapy that uses highly spatially fractionated low

energy X-ray beams to target tumours, allowing doses much higher

than conventional radiotherapies to be delivered. A dosimeter with a

high spatial resolution is required to provide the appropriate quality

assurance for MRT. We present the development of a plastic scin-

tillator fibre optic dosimeter. The optimal one-dimensional spatial

resolution of these dosimeters has been improved from 50 down to 10

lm.

Method The dosimetry probes have been tested on the Imaging and

Medical Beam Line at the Australian Synchrotron. Multiple beam

configurations have been tested with broadbeam X-rays with average

energies between 60–90 keV, and dose rates between 200 and 2000

Gy/s. To test the probes, microbeam profiles were measured via

continuous scanning, as well as broadbeam (no microbeam fraction-

ation) depth dose profiles. These were compared with other dosimetry

tools to assess accuracy.

Results The ability of these probes to resolve microbeams of width 50

mm has been demonstrated. The major limitations of these probes

were identified, most notably the low-light signal resulting from the

small sensitive volume, which made valley dose measurements very

challenging. This was most significant with the 10 lm resolution

probe, as expected. There is a dose discrepancy between the broad-

beam depth dose measurements between the scintillator dosimeter

and ionisation chamber at depths less than 20 mm, present for all field

sizes and energies. Limitations in the data acquisition system are

expected to be overcome as integration with a commercial dosimetry

electrometer is in development.

Conclusion With improvements to the data acquisition, this probe

design has the potential to provide a water-equivalent, inexpensive

dosimetry tool for MRT.
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Introduction One major issue with all fibre-coupled luminescence

dosimetry systems is the stem effect. This is light generated by the

optical fibre when it is exposed to ionising radiation. The purpose of

this study is to investigate the pulsed optically stimulated lumines-

cence (POSL) properties of a fibre-coupled beryllium oxide (BeO)

dosimetry system.

Method Two fibres were used side by side, one to guide the lumi-

nescence from the BeO to a PMT, and the other used to guide the

stimulation laser light to the BeO. By pulsing the laser during the

irradiation, POSL readings are performed. By subtracting the count

rate measured before the laser pulses from the that measured during

the laser pulses, a POSL signal is obtained. The POSL is potentially

independent of the stem effect. Measurements were taken with the use

of a superficial x-ray unit with different detector distances to deliver

varying dose-rates.
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Results The POSL signal is observed to increase over time and hence

the BeO is not bleached by each pulse. Therefore the POSL mea-

sured at any point in time is not only the OSL accumulated in the

time between laser pulses, but also of the previous OSL with some

decay due to laser stimulation. The decay is corrected using a

constant decay value. The change in POSL was observed to have a

linear dose-rate response, with a variation of ± 1.5% in the inverse

square law corrected response. However the radioluminescence

response is observed to increase as distance is increased. This is

expected as more of the optical fibre is being exposed and hence the

stem effect contribution is increasing.

Conclusion A POSL dosimetry system using BeO coupled to an

optical fibre is investigated and the POSL from the BeO observed to

have a linear dose-rate response and to be stem effect free.
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Introduction The aim of this project is to develop a fibre optic based

dosimetry system for proton beam monitoring. The system allows for

small size dosimetry (approximately the diameter of a fibre) with a

fast dose-rate measurement (0.1 s). These characteristics are ideal for

the requirements necessary for real time, in-vivo dosimetry of proton

beams in biological specimens or for proton beam therapy

applications.

In these initial experiments, the radio luminescence (RL) generated in

optical fibres exposed to proton irradiation were investigated as

function of proton dose rate.

Methods Two fibres were compared: poly methyl methacrylate

(PMMA) and silica. A photomultiplier tube (PMT) was used for

photon counting and a spectrometer was used to analyse the optical

spectrum emitted through the different types of optical fibre. Irradi-

ations were performed with proton beam currents ranging from 0.1 to

120 nA.

Results Both fibres showed a linear response to dose rate. The PMMA

fibre emitted 709 ± 31 count/s /nA and the Silica 1653 ± 31 counts/s

/nA. The optical spectra differed significantly between the two fibre

types. PMMA emitted light at a wavelength of 500 nm, while the

silica spectrum showed two peaks; one peak at 460 nm and one peak

at 650 nm. The 650 nm peak showed a linear response to proton dose

rate while the 460 nm showed an over response to higher dose rates.

Conclusion These preliminary results suggest that the silica fibre

could be used at lower beam currents but a band pass filter may have

to be applied to isolate the linear response of the 650 nm emission.

Further investigation into proton energy dependence of the fibres will

be performed.
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Introduction In radiotherapy treatment planning, 4D-PET/CT allows

the simultaneous visualisation of functional and anatomical information

of moving lesions. Generally, radiotherapy GTVs and ITVs on PET

images are delineated either manually or by setting a 40% threshold.

Both these methods have shown inaccuracies. This study compared the

performance of a 3D automated random walks algorithm against fixed

value thresholding on static and gated PET images.

Method Static and gated 18F-FDG PET/CT images of a NEMA-IEC

phantom (source-to-background ratios of 3:1, 6:1 and 9:1) were

acquired on a Philips Ingenuity TF PET/CT scanner. Images were

reconstructed using a clinical protocol and motion was simulated

using a moving platform with 2.6cm displacement.

2D (2DARW) and 3D (3DARW) random walks algorithms, with automated

seed selection inspired by [1], were developed in MATLAB-R2015a

(3DARW). Their performance was compared using the Dice Coefficient

(DC) against two threshold-based methods: a fixed 40% (T(40)) and an

optimised (Topt) threshold. Topt was found as the threshold value that min-

imised the overall percentage difference of the lesion volumes. Gold

standard volumes were defined on the CT images and comparison was

carried out for the 4 largest sphere sizes (13–37 mm diameters).

Results DCs for each segmentation method, across sphere sizes and

SBRs are summarised in Figure 1.

In the static case, 3DARW and T(40) achieved the highest DC = *
0.95, Topt(50) had the smallest range and 75% of the 3DARW DCs

were above 0.78 (Fig. 1a).

In the gated case, 3DARW DCs showed the smallest range with 75%

of the values above 0.84 and T(40) had the highest DC = 0.95 (Fig. 1b).

For SBR = 3:1, static and gated cases, the T(40) was unable to

segment multiple volumes, showing leakage.

Conclusion Preliminary results showed that 3DARW performs well

in segmenting both static and gated PET images with DCs ranging

between 0.59–0.95 (static) and 0.73–0.91 (gated). Further optimisa-

tion of the 3DARW is needed to improve performance for a wider

range of lesion shape and sizes.
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Introduction Diffuse Lewy body disease (DLB) is a complex neu-

rodegenerative disorder whose diagnosis may be assisted by cerebral

perfusion single-photon emission computed tomography/computed

tomography (SPECT/CT). However, the low specificity of cerebral

perfusion SPECT/CT, and overlapping features of neurodegenerative

disorders can impair image interpretation and diagnosis [1]. Com-

puter-aided diagnostic software may improve image interpretation. In

this study, we examined the effect of NEUROSTAT in the diagnosis

of DLB by clinicians with varying years of experience. Additionally,

we evaluated the cingulate island sign (CIS), a DLB biomarker, using

Q-Brain.

Method Cerebral perfusion SPECT/CT data of 59 patients with

suspected DLB were retrospectively retrieved from two sites and

processed through NEUROSTAT. Three clinicians with varying years

of experience individually interpreted the SPECT/CT data for each

patient. The data was visually interpreted than re-interpreted with the

addition of a NEUROSTAT-output. Following each analysis, clini-

cians assigned a diagnosis of not DLB, possible or probable DLB for

all patients. The most senior clinician’s responses determined the final

clinical categorisation. The influence of NEUROSTAT was then

evaluated against clinician experience. All SPECT/CT data was also

processed through Q-Brain to quantify the CIS. This study received

ethical approval from the SA Health and University of South Aus-

tralia Human Research Ethics Committees.

Results Both the junior and middle clinician demonstrated weak

correlation with the final categorisation. Compared to the NEURO-

STAT-aided analysis, the junior clinician’s visual analysis showed a

stronger positive correlation with the final categorisation. Compara-

tively, the middle clinician’s NEUROSTAT-aided analysis was more

strongly correlated with the final categorisation compared to the

visual analysis (Figure 1).

There was no clear relationship demonstrated between the CIS ratio

and final clinical categorisation.
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Figure 1: Comparison between the visual and NEUROSTAT-aided analyses 
on the percentage of agreement with the final clinical categorisation.

Conclusion NEUROSTAT may influence the diagnosis of DLB when

assessing cerebral perfusion SPECT/CT studies. Larger prospective

studies are required to further assess the effect of NEUROSTAT in

SPECT/CT studies.
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Introduction Single Photon Emission Computed Tomography

(SPECT) has been used in nuclear medical imaging for several dec-

ades. The technique involves the use of a gamma camera which

traditionally exhibits limitations arising from poor detection effi-

ciency. In addition, gamma cameras do not foster the use of a wide

range of radioisotope energies available. Consequently, the viability

of the Compton camera to overcome these limitations has been

investigated.

Method The GEANT4 simulation toolkit was used to study the

behaviour of two Compton camera prototypes for SPECT imaging.

Simulations were performed for silicon and cadmium zinc telluride

based Compton cameras for breast and brain imaging. In order to

study a challenging detection case, the volumes of two simulated

breast tumours were chosen to be 0.65 mL, and embedded in the

medial region of the breast. For the brain imaging, the multitracing

capability of the camera was studied, with imaging performed parallel

to the orbitomeatal line of the brain.

Results The results suggest that the Compton camera would visualize

small breast lesions of about 0.65 mL volume, placed at the medial

region of an average compressed human breast. Although brain

imaging using the Compton camera also seemed promising, analyses

suggest however that beyond a depth separation of 2 cm between two

lesions in a brain phantom, there may be a need to rotate the camera

around the human head for efficient brain imaging.

Conclusion It is the opinion of the authors that with further work, the

Compton camera could compete favourably with the gamma camera

in small lesions imaging where resolution is compromised due to the

high septal penetrations.
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Introduction The following work aims to characterise the efficiency

of an HPGe detector over a spectral range applicable to nuclear

medicine isotopes for activity measurement of PET isotopes produced

on site. Accurate measurement will allow for validation of dose

calibrator gain settings of PET isotopes such as which have been

reported to have significantly different gain settings than those

specified by manufacturers [1]. Presented is a Geant4 model of an

HPGe detector with calculated efficiency values compared to effi-

ciency values measured using a standard source.

Method The efficiency of a CanberraTM BE2020 HPGe was mea-

sured using a multi-isotope calibration source with activity

uncertainties specified below 4% at 95% confidence interval (95% CI)

aligned axially with the detector crystal at different source-detector

separations. A Geant4 model of a generic HPGe detector was created

using specifications provided by the manufacturer and information

found in the literature [2,3]. The model was adjusted to maximise the

conformance with measured efficiencies. The optimised model was

ran with primaries for each photopeak in the calibration source.

Results Figure 1 shows the ratio of calculated efficiency and mea-

sured efficiency at each photopeak energy with error bars showing the

95% CI of the activity of the source. The 95% CI of the relative

difference between modelled and measured efficiencies is 2.50%.

Conclusions The model produced efficiency values within 2.5% of

the measured values at a 95% CI allowing for potential activity

measurements under 5% at 95%CI. Future work will involve running

the simulation for syringe geometries, more calibration photopeaks,

testing the method with another independently calibrated NIST

quality source and measuring the activity of different PET isotopes

and looking at discrepancies in dose calibrator gain settings.
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Introduction It has been common practice in PET imaging to deliver

a fixed administered activity or employ a patient weight scaling, such

as at The Alfred where weight scaling is used for full body 18F-FDG

PET scans. Opportunity exists for a more individualised dose

administration protocol that will improve image quality and reduce

dose.

Method Different methods for determining administered activity

were reviewed (Figure 1). The current administered activities at The

Alfred were compared to literature and the recently published Aus-

tralia Diagnostic Reference Levels. To investigate the effects of

reduced dose on patient scans, scans of lower administered activities

were simulated through retrospective reconstruction of list-mode data.

Various image quality metrics including the signal to noise ratio in the

liver were used to compare images. The reconstructed image sets

were also scored by Nuclear Medicine Physicians to assess diagnostic

acceptability.

Results The current weight-based scaling of administered activity

employed by Alfred Health does not adequately account for the

changes in image quality with varying body habitus. It is seen (Fig-

ure 1) that The Alfred’s weight-based model of 4 MBq/kg is below

the Australian reference level of 2.5 kg 9 ? 125 MBq for patients

below 84 kg. Few locations appear to use a fixed activity for all

patients, while most apply a weight-based scaling. Groot et al. noted

that a quadratic relationship between administered activity and patient

weight yielded lower doses required for imaging [5], while Wickham

et al. has incorporated height and gender, as well weight in an opti-

mised administering protocol [6].

Conclusion The current model of weight-based administered activity

scaling in PET employed by The Alfred could be altered to incor-

porate greater patient factor specificity. Incorporating additional

patient specific factors allows a more individualised dose to be

determined.
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KS10 Novel cancer biomarkers

L. Marcu

The University of Oradea

The latest leitmotif in oncology is personalised therapy and there is no

doubt that the scientific community is working hard towards this aim.

The main goal of radiotherapy is to optimise the therapeutic ratio by

maximising tumour control and minimising normal tissue toxicity.

Owing to the identification of various tumour markers and the pos-

sibility of their specific in vivo targeting the therapeutic ratio will

increase even further. Tumour hypoxia, angiogenesis, proliferation,

and the proportion of cancer stem cells are some of the culprits for

treatment failure in oncology. Therefore, their identification and tar-

geting plays a crucial role for optimum outcome. Furthermore,

biomarkers are ideal candidates for the development of new radio-

conjugates and various drugs, to further progress the ever-expanding

area of targeted therapies. Current research goes beyond generic study

of these factors, investigating the arsenal of molecular markers that

are specific for hypoxia, proliferation and cancer stem cells.

The aim of this talk is to discuss some of the novel cancer

biomarkers and their corresponding imaging techniques. Biomarkers

for generic tumour characteristics and molecular pathways (oxy-

genation status, stemness, growth factors, apoptosis, immune

response) as well as tumour-specific marker developments will be

presented. With the growing field of biomarker imaging, the need

arises for image quantification and standardisation, key prerequisites

for accurate treatment response assessment.
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Introduction The role played by cancer stem cells (CSCs) is fun-

damental to tumour progression, metastases and recurrence. These are

the most treatment resistant of tumour cells and are irresponsive to

therapy, accelerating their replication and tumour repopulation. The

human papillomavirus (HPV) has emerged as a discrete aetiology in

head and neck cancers (HNC). They demonstrate consistently better

responses to radiotherapy initiating several clinical trials to de-esca-

late treatment. This study investigates in vitro differences in CSC

responses to radiation in terms of their HPV aetiology.

Method A collection of 6 HNC cell lines were investigated. UM-

SCC-47, UPCI-SCC-090 and UPCI-SCC-154 are HPV? and UM-

SCC-1, UM-SCC-17a and UM-SCC-22a are HPV-. Cells were irra-

diated in T75 flasks with 4 Gy using a RS2000 irradiator at 160 kVp

and 25 mA. Flasks were encased in solid water (RW3) to achieve

electronic equilibrium at the cell layer. Sham-irradiated flasks were

used as controls. CSC proportions of cell populations were measured

at 24, 48 and 72 h, and again at 14 days post irradiation. CSCs were

identified by putative cellular markers CD44 and aldehyde dehydro-

genase (ALDH), using flow cytometry.

Results Triplicate analysis of non-irradiated UM-SCC-47 cell cul-

tures showed a mean population of CD44?/ALDH? cells to be

2.87% ± 0.219, 5-fold that of the UM-SCC-1 population which was

0.57% ± 0.077. UM-SCC-47 and UM-SCC-1 showed increased

ALDH?/CD44? proportions of population following 4 Gy irradia-

tion. The proportional increase for UM-SCC-47 was 3 to 4 times the

control within 72 hrs post irradiation. After 10 days these cultures no

longer presented significant differences in CSC population against the

control. UM-SCC-1 showed the most significant increase in CSC

proportion 24 hrs post irradiation and a persisting elevation in CSCs

10 days after irradiation.

Conclusion CSCs display significant heterogeneity between cell lines

warranting investigation of the effect aetiology has on intrinsic pop-

ulation numbers and treatment responsiveness.
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Introduction Biomarkers are used in the diagnosis, treatment deci-

sion making, and post-treatment monitoring of prostate cancer (PCa).

Treatment response for PCa is typically measured by changes of

prostate specific antigen (PSA) levels in the blood, with biochemical

failure defined as either a number of consecutive rises in the PSA

level, or rising above a certain threshold [1]. This method lacks

sensitivity and specificity, and is unable to distinguish between benign

rises of PSA, local recurrence and distant metastases. Quantitative
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imaging using multiparametric MRI (mpMRI) has shown promise for

providing potential biomarkers for PCa diagnosis and treatment

response. However, inter-/intra-MRI scanner variability contribute to

uncertainties in defining the parameters used for biomarker devel-

opment. The goal of this study was to investigate inter-scanner

variability in mpMRI parameters including apparent diffusion coef-

ficient (ADC), T1, T2, and R2* using an in-house developed multi-

compartment phantom.

Method The prototype multi-compartment phantom included regions

of ethanol, gelatine, and gadolinium-doped (Gd) water to simulate a

suitable range of in vivo tissue parameters. The phantom was scanned

on three 3T MRI scanners (two Skyra and one Prisma, Siemens) to

generate ADC, T1, T2, and R2* maps using standard clinical

sequences. The parametric values for each sample were extracted

from a region of interest and the coefficient of variance (CV) was

calculated to evaluate the variability of the values across the scanners.

Results ADC values had CVs from 0.1–17.9%. T1 and T2 values had

CVs from 2.2–25.4% and 0.3–16.8% respectively, with the largest CV

in the ethanol compartment. R2* was the least reproducible, with CVs

from 14.1–67.6%.

Conclusion Inter-scanner reproducibility of mpMRI parameters

across three clinical scanners were assessed with an inhouse devel-

oped phantom. Results show that the highest variability was in R2*

measurements and lowest variability in T2 measurements. Future

work will focus on quantifying the longitudinal variability of mpMRI

parameters between centres.
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Introduction Prostate radiotherapy requires CTV contouring on CT

for treatment planning, however MR scans are often incorporated to

provide clearer soft-tissue definition [1, 2]. No study has shown

utilisation of MR leads to an improvement in patient treatment out-

come or reduction in toxicity. Retrospective analysis of the RADAR

dataset provides an opportunity to investigate relationships between

contouring modality and recorded patient outcome [3].

Method A prostate atlas consisting of five patients was constructed

[4], with thirteen observers contouring CTV on both CT and co-

registered T2-weighted MR scans. Atlas scans were non-rigidly reg-

istered to 750 RADAR patients, with contours propagated. CTV

probability maps detailing inter-observer contouring variation were

thresholded at multiple percentages, with similarity between these and

original RADAR CTVs calculated using Dice Similarity Coefficient

(DSC), 95th percentile Hausdorff Distance, and Volume Similarity.

Correlations between differences in CT and MR contouring metrics,

and recorded rectal toxicities were assessed using Wilcoxon signed-

rank analysis (p\ 0.05 significant).

Results Preliminary investigations of 50 RADAR patients have been

completed. Volumes of CT (30.3 ± 10.0 cc) and MR (21.5 ± 7.2 cc)

CTVs were significantly smaller than original RADAR CTVs

(54.8 ± 28.5, Figure 1). This resulted in poor overlap (DSC = 0.67,

0.55 respectively). Significance levels for correlations are shown in

figure 2, with no correlations initially found to be statistically

significant.

Conclusion CTV probability maps can be constructed to retrospec-

tively analyse the RADAR dataset. Further investigation will include

correlating CTV contouring variations with overall survival and
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locoregional control, and dose to multiple pelvic structures addi-

tionally contoured within the atlas.

Acknowledgements Funding provided through NHMRC project

grant (1077788).

References

1. Debois, M., et al., The contribution of magnetic resonance

imaging to the three-dimensional treatment planning of localized

prostate cancer. International Journal of Radiation Oncology*

Biology* Physics, 1999. 45(4): p. 857–865.

2. Rasch, C., et al., Definition of the prostate in CT and MRI: a

multi-observer study. International Journal of Radiation Oncol-

ogy* Biology* Physics, 1999. 43(1): p. 57–66.

3. Trans-Tasman Radiation Oncology Group (TROG), RADAR

Trial - Randomised Androgen Deprivation and Radiotherapy.

2005.

4. Kennedy, A.M., et al., Cluster Based selection of CT exemplars

from a clinical dataset for inter-patient registration and dose

mapping, in International Conference on the use of Computers in

Radiation Therapy. 2016: London.

O110 Evaluating delivery of partial IMRT plans

for free-breathing breast treatments

S. Alzaidi1, S. Islam2, R. Hill1,2

1Department of Radiation Oncology, Chris O’Brien Lifehouse,

Sydney, Australia. (samara.alzaidi@gmail.com [Presenting author]).
2Institute of Medical Physics, School of Physics, The University

of Sydney, Australia

Introduction Breast cancer treatments at Chris O’Brien Lifehouse are

planned using Hybrid IMRT technique, with 70% tangent fields and

30% IMRT fields. Deep inspiration breath hold (DIBH) technique is

considered for the treatment of left-breast cancer patients to minimize

dose to the heart. However, right-breast treatments are delivered with

free- breathing. For IMRT portion of the treatment, planning target

volume (PTV) dose may vary due to the movement during free-

breathing. As IMRT delivers optimized high dose to the target vol-

ume, determination of the dose variation due to breathing movement

during treatment is important to ensure the delivery of the correct

dose to the desired volume.

Method In this study, a number of hybrid IMRT breast treatment

plans treated with free- breathing were re-calculated incorporating a

3D shift for the IMRT fields portion. The 3D shifts were evaluated

using 4DCT scans. The new plans were recalculated with two

scenarios:

• full range of the 3D shifts, assuming that the 3DCT scan was

captured at the most inhalation/exhalation points of the breathing

• half range of the 3D shifts, assuming that the 3DCT scan was

captured in the middle of the breathing cycle

Results The Dose Volume Histogram (DVH) for the new plans were

evaluated and compared to the original plans. The mean, maximum

and minimum dose to CTV, PTV, boost PTV, and right lungs are

considered. Initial results indicate that variations in dose delivery of

IMRT fields in hybrid IMRT treatments is affected by the level of

modulation complexity of the IMRT dose fluence.

Conclusion It is essential to understand the effect of patient breathing

movement during delivery of breast IMRT fields. A range of IMRT

fields with different levels of dose fleunce modulation complexities

need to be investigated further.
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Introduction Aiming to reduce cardiac dose, and the associated

major coronary events [1], deep inspiration depth-hold (DIBH) is

becoming the standard of care for patients receiving radiotherapy for

left-sided breast cancer. However, the technique is not universally

adopted for patients receiving nodal irradiation, with most DIBH

studies excluding these patients [2,3]. In this study, we use in-vivo

dosimetry to assess the dose to the junction region of both DIBH and

free-breathing patients.

Method GafChromicTM EBT3 was used to measure the dose to the

supraclavicular junction region over 3 treatment fractions for 19

patients. The mean doses for each patient and variability of the dose

to the junction region were evaluated for both DIBH and free-

breathing patients.

Results The results for each patient are shown in Figure 1. They show

that the variation in dose is higher for the DIBH patients, however the

average junction dose between the DIBH and free-breathing cohorts

was not significantly different (p[ 0.05).

Figure 1: The marker shows the mean junction dose and the line the range of doses. 
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Conclusion This study shows that the mean junction dose is not

compromised by the use of the DIBH technique. Concern about the

additional variability should be weighed against the proven increased

risks associated with cardiac dose. This in-vivo study could easily be

replicated by centres implemented DIBH and wanting to verify the

junction dosimetry.
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Introduction EPIgray is an in-vivo dosimetry system that uses linac-

EPID acquired images to reconstruct in-vivo doses. EPIgray and TPS

doses are compared for treatment verification. CDHB implements an

investigation tolerance of % dose difference (DD) between EPIgray

and TPS doses. Current tolerance results in false positives and false

negatives. EPIgray implementation is improved with post-measure-

ment processing of the EPIgray data, leading to more accurate

treatment verification. In an ongoing retrospective study we have

investigated the role of post-processing in EPIgray, and are in the

process of verifying these results with a phantom study.

Method 249 treatment fields of breast patients treated using EPIgray

were retrospectively analysed for impact of patient positioning offsets

on DD. Additionally, a TPS-based study has considered the doses

received by organs-at-risk and the target in response to offsets. The

phantom study aims to validate these results with physical measure-

ments. Breast phantoms incorporating lung inserts and the ability to

include ion-chamber and film at various locations have been designed.

Phantoms are setup at multiple treatment positions (intentional offsets

of known magnitude) to allow comparisons between TPS-planned,

EPIgray-calculated and measured doses.

Results Retrospective analysis of patient positioning offsets on treat-

ment revealed that there are differences in EPIgray doses that arises

from setup-error. Breast size appears to be a contributing factor. Initial

DD for small, medium and large-breasts are 3.02.0%, 3.02.1% and

2.31.6% respectively. EPIgray correctional analysis on small-breasts

improved the DD by an average of 1.0%. Corresponding offsets applied

to treatment plans in TPS have found the impacts of positional errors

on dose to target and organs-at-risk to be considerable. Initial results

from the ongoing phantom study support these results.

Conclusion Results of this study will allow for the use of EPIgray to

highlight instances where patient positioning errors on treatment are out-

side an acceptable tolerance for dosimetric accuracy of breast treatments.
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Introduction The EPIgray� EPID dosimetry package (DOSIsoft,

Paris, France) for EPID in-vivo dosimetry (IVD) has been commis-

sioned at Wellington Hospital with the main aim to prevent major

radiation incidents. This package enables reconstruction of the dose

delivered to the patient at one or more points of interest.

Method A three month clinical pilot study was used to develop the

IVD workflow, assess limitations of the system, acquire a dataset of

results to establish tolerance levels, and develop a procedure for out-

of-tolerance results before full clinical implementation. IVD results

were collected for the first three treatment fractions of: Low

complexity single and parallel opposed field treatments, VMAT and

SRT brain, and lung SBRT.

Results The average IVD deviation at the TPS reference point was 0.2±

3.4% (1 S.D.) and -0.3±1.4% (1 S.D.) for low complexity treatments and

VMAT Brain, respectively, which compares well with literature [1–4].

Out-of-tolerance results were traced to various causes including patient

positioning issues, moving gas and limitations of the EPIGray dose

reconstruction model for both small fields and inhomogeneous media.

These limitations resulted in systematic IVD deviations of approximately

? 5% for SRT Brain, and larger than ? 10% for lung SBRT

Table 1 Average percentage IVD deviation (± 1 SD) observed during the clinical pilot study. 
Reference points are the points created during treatment planning while auto-points are the 
50 points automatically generated by EPIGray in the high dose region for each treatment 
plan.

Patient group Number of plans 
measured

Average deviation 
per beam and per 
fraction (%) for 
reference points

Average deviation 
per fraction (%) 
for auto-points

Low complexity 109 +0.2 ± 3.4 +1.1 ± 2.8

Brain
VMAT 6 -0.3 ± 1.4 -0.5 ± 0.7
SRT 4 +3.1 ± 1.3 +6.2 ± 0.6

Lung SBRT 3 +9.7 ± 3.2 +14.5 ± 3.6

.Conclusions EPIgray IVD was found to be suitable for use with low

complexity and brain treatments and it is now routinely applied

during the first treatment fraction for these indications. Two toler-

ances are employed: a lower site-dependent action level (5–10%)

triggering further IVD measurements and an investigation to be

completed before fraction 4; and a 10% action level triggering

immediate investigation prior to fraction 2. A comprehensive set of

guidelines to streamline investigation of out-of-tolerance results was

formulated. Limitations of the current EPIgray dose reconstruction

model prevented implementation of IVD for lung SBRT. Further

implementation for other treatment indications using subsequent

clinical pilot studies is now being conducted.
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Introduction It is a requirement in Australia that the accuracy of each

modulated radiotherapy patient plan be verified. This traditionally

involves measurements of planar or reconstructed 3D dose distributions

using a variety of commercial detectors. The quality assurance

requirements for the increasing numbers of intensity modulated patient

treatments makes such labour-intensive procedures time prohibitive.

Method An efficient patient specific QA workflow has been imple-

mented at the Royal Adelaide Hospital. The workflow is a two-step

process. Firstly, a secondary 3-D, dosimetric calculation of the plan

on the patient’s dataset is performed using an independently com-

missioned treatment planning system. Secondly, an analysis of the

machine log files created during the delivery of the patient plan on a

Varian (Varian Medical Systems, Palo Alto, CA) Linac is performed.

An ‘in-house’ software written in python and utilising the python

toolkit PyLinac [1] has been developed to batch analyse the log files

from the treatment plan delivery and compare against the expected

DICOM plan parameters. This is the focus of the current work.

Results By comparing the results in the machine log files with the expected

plan parameters from DICOM plan files, subtle differences in plan delivery

have been identified between Trilogy and TrueBeam model linear accel-

erators. This is partially due to the well documented ‘‘Overshoot’’ effect of

Varian Trilogy and Clinac linear accelerators MLC controllers.

The customisable nature of the software allows the user to collect and

analyse long term statistics of linac performance. This software could

potentially be made open source to allow interdepartmental collabo-

ration to further expand its capabilities.

Conclusion An efficient departmental workflow for patient specific

QA has been developed, tested and implemented in the current work.
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Introduction Lachaine and Falco introduced the Clarity Autoscan 4D

prostate motion management system in 2013 [1]. A 1D ultrasound

array is mechanically swept in the pseudo-sagittal plane. The resulting

volume is reconstructed multiple times per second allowing for fre-

quent updating of the target position relative to a pre-fraction

reference scan.

The purpose of this work was to verify the target positions reported by

the Clarity Autoscan system compared to known target positions.

Method A prostate analogue was mounted to the scanning mecha-

nism of a PTW MP3-XS scanning water tank. The Clarity probe was

positioned externally against the wall of the scanning tank in the

treatment orientation. The scanning mechanism was programmed to

make in-plane, cross-plane and diagonal ‘profiles’ ranging approxi-

mately ± 30 mm from the isocentre. Seven sets of four ‘profiles’ were

acquired between ± 30 mm in the vertical direction.

A bi-layer 3D refraction correction algorithm was derived to account

for refraction caused by differences between the speed of sound in

both PMMA and water from the speed of sound in soft tissue assumed

by the system.

Results Without refraction correction the reported positions differed

from the programmed positions by up to 9.3 ± 0.1 mm. Refraction

correction reduced this to a maximum of 3.4 ± 0.1 mm, and gener-

ally well within ± 2 mm. The worst results were at the peripheries

and near to the PMMA where the effect of the refraction is exag-

gerated. Here the prostate analogue images were visibly distorted

which likely will have affected the accuracy of the Clarity centroid

position calculation.

Conclusion The target positions reported by the Elekta Clarity

Autoscan system can potentially be validated using a programmable

scanning water tank by employing a refraction correction. Further

improvement might be achieved by using a smaller target phantom to

reduce the effect of the refraction-induced distortion on the Clarity

centroid calculation.
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Introduction The ability to track lung tumours without implanted

markers on a standard linear accelerator enables broad access to

motion-adaptive radiotherapy for cancer patients globally. Previously,

we developed and tested our algorithm offline with clinically acquired

patient images from a single kilo-voltage imager on a standard linear

accelerator. At present to prepare for future clinical trials, we

prospectively implement the technology on a standard linear accel-

erator and characterize its live performance.

Method Our algorithm tracks tumours with low and variable visibility

by removing the contribution of anatomic structures from kV images.

First, an anatomical and tumour model are built using the 4D-CT and

GTV contour. Next, the anatomical and tumour models are forward-

projected onto live streamed kV projections utilizing a graphical

processing unit. Tumour motion is computed by aligning the forward-

projection and kV image using fast template matching in OpenCV.

Sinusoidal and patient breathing traces were used to program the

superior-inferior motion of a dynamic CIRS lung phantom containing

a spherical 1 cm tumour. kV images were captured in real-time on a

Varian Truebeam for tracking while a VMAT plan was delivered.

Tracking error and algorithm latency were investigated.

Results The mean±std error along the LR, SI and AP direction was

0.26 ± 0.05, 0.30 ± 1.2, and - 0.12 ± 0.05 mm, respectively. The

percentage of frames with[ 2 mm error in any direction was 4%. The

average latency in processing the kV images was 68 ± 22 ms. Fig-

ure 1 and Table 1 show the performance of the algorithm with respect

to ground truth.

Conclusion Markerless lung tumour tracking has been implemented

on a standard linear accelerator for the first time and submillimetre

accuracy was demonstrated on a lung phantom. This work supports

further clinical implementation of markerless tumour tracking, which

if successful will enable the use of the technology with almost all

cancer radiotherapy systems.

LR SI AP

Mean Error Sinusoid 0.30±0.02 0.18±0.79 -0.10±0.06

Mean Absolute Error Sinusoid 0.30(0.02) 0.58(0.56) 0.10(0.06)
Mean Error Patient 0.22±0.04 0.43±1.5 -0.14±0.02
Mean Absolute Error Patient 0.22(0.04) 0.90(1.2) 0.14(0.02)

Table 1: The mean error and mean absolute error in tracking accuracy is shown in the format 
mean±std for mean error and mean(std) for mean absolute error. Errors are reported across 
principal directions LR, SI and AP. All units are in millimeter.
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Introduction Mobius3D is a second-check dosimetric verification

system that calculates 3D dose on the patient’s CT. It uses treatment

parameters exported from the treatment planning system (TPS) and a

collapsed cone convolution-superposition algorithm.

The TPS used for Head and Neck VMAT planning in our clinic was

switched from Pinnacle to Raystation. Treatment QA measurements

were mostly in good agreement with Raystation, but large mean PTV

dose differences were seen between Raystation and Mobius3D (up to

5.6%). To investigate, the beam models of Mobius3D and our TPS’s

were examined and compared to measured doses.

Method Four clinical Head and Neck VMAT plans were measured

with a diode array dosimeter. Point dose measurements were also

acquired in the dosimeter using a 0.4cc cylindrical ion chamber.

(1) To investigate the modelling of collimator scatter, point doses

were measured for a 10cmx2cm field at various depths in solid

water; once where the jaws matched the MLC aperture and

again with 20x20cm2 jaw positioning.

(2) Differences between measured and calculated doses were

assessed by percentage dose differences and gamma analysis.

Results The average percentage difference between measured and

calculated point doses was smaller for Mobius (0.6 ± 0.8%) than

Raystation (- 1.3 ± 0.8%). The average 3%, 2 mm gamma was

better for Mobius (98.1 ± 0.6%) compared to Raystation

(96.8 ± 2.2%). Measured and calculated point doses for the elon-

gated field were in good agreement for all TPS when jaws were

matched to the MLC aperture, but Raystation showed dose differ-

ences of[ 4% when jaws were 20x20cm2. This suggested incorrect

modelling of collimator scatter in the Raystation beam model and

consequent amendments were made beyond the scope of the user

manual. This achieved better agreement with measured data.

Conclusion Mobius proved to be a useful tool for identifying limi-

tations in our clinical TPS beam model even when QA measurements

were not showing concerning discrepancies.
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O118 ACDS mail-out and onsite reference dosimetry

audits of kilovoltage radiotherapy photon beams
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Introduction The ACDS provides a nation-wide mail-out dosime-

try auditing service using OSLDs enclosed in Perspex phantoms,

and an onsite reference dosimetry service for electrons and MV

photons using ionisation chambers. The ACDS is extending the

scope of these audits to kilovoltage (40–300 kV) radiotherapy

photon beams.

Method The onsite kV reference-dosimetry audit has been built upon

AAPM’s TG-61 Protocol (2001) [1] using the in-air method of

obtaining dose to water at the surface, from air kerma measurements.

Al2O3 OSLD energy responses at kV energies were modelled using

EGSnrc Monte Carlo, and validated by irradiating with known doses

of 1 Gy from ARPANSA Primary Standard kV beams. Field trials at 4

existing facilities have been conducted.

Results The on-site field trial measurement results are given below in

Fig 1. The average ACDS-Facility dose variation with a Farmer-type

chamber was found to be - 0.5% (0.6% standard deviation), and the

plane-parallel thin-window chamber average variation was - 0.5%

(0.9% standard deviation). The existing MV onsite reference-

dosimetry audit has a k = 1 uncertainty of 0.7% for MV photons. A

preliminary kV ACDS-Facility correlation-exclusive uncertainty

budget has been derived, with Optimal-scoring on variations up to

2.1% (k = 2).

The OSLD audit results are shown below in Fig 2. The average

dose variation between the facility and the OSLD is - 0.1% (2.7%

standard deviation). An empirical uncertainty budget suggests

* 5% (k = 2) may be appropriate for OSLD kV measurements, due

to uncertainties associated with Al2O3 overresponding at kV

energies.

Conclusion 41 on-site kV measurements were performed. Applying a

derived uncertainty budget of 2.1% (k=2) yields Optimal-scoring

results on all measurements.

The empirical OSLD measurement standard deviation of 2.7% sug-

gests that a higher uncertainty budget of * 5% (k = 2) may be

required.
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1. Chair CMM, Coffey CW, DeWard LA, Liu C, Nath R, Seltzer

SM, Seuntjens (2001) AAPM’s TG61 protocol for kilovoltage
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Introduction Following the introduction of IMRT/VMAT into the

ACDS national dosimetry audit program [1, 2], outcomes were

reviewed to determine if IMRT/VMAT treatment planning choices

may predict audit outcome.

Method The ‘‘National Data Set’’ is a substantial body of audit

dosimetry and associated data acquired since 2011. The audits com-

pare treatment planning beam models to measured doses. Aggregate

data for Level II and III audits was reviewed to determine if sub-

optimal outcomes were due to IMRT/VMAT specific factors. An

optimal audit outcome was defined as agreement between measure-

ment and plan of B 3.3% (point doses) and c\ 1 at 3%/3 mm for

C 97.5% points (2D array). The review included outcomes from

initial and follow-up audits, treatment plan properties and all rec-

ommendations made.

Results The distribution of audit types is shown in Table 9. Of the

112 recommendations made, only two were definitively IMRT/

VMAT beam modelling related. Potential errors were sometimes not

identified by patient specific QA or considered permissible under

Facility protocols.
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Table 1: Dosimetry Audits Reviewed
Audit
Level

Measurement
Configuration

Audit
Type Audits IMRT/VMAT 

Cases

Level III
1. end-to-end
• thorax phantom
• nine ionisation chambers

3DCRT 73 -

3DCRT
+ IMRT/VMAT 11 246

Level II
• planning-to-delivery
• slab phantom
• 2D array

3DCRT 50 -

3DCRT
+ IMRT/VMAT 37 145

In three specific cases, the facility re-planned out-of-tolerance

IMRT cases, typically resulting in less beam modulation and an

improved audit outcome. Cases with low planned OAR doses, used as

a surrogate for plan complexity, correlated with higher variability in

the point dose differences in the target volume.

Conclusion IMRT treatment planning constraints could have a

greater impact on dosimetry than small deficiencies in beam mod-

elling. This raises the clinical consideration of whether an ideal

treatment plan that optimises dose constraints with a higher degree of

uncertainty is preferable to a satisfactory but less ideal treatment plan

that can be delivered with a high degree of dosimetric accuracy.
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Introduction The Primary Standards Dosimetry Laboratories (PSDL)

at ARPANSA has been invited by the IAEA to participate in the

update of TRS-398 [1], by determining Monte-Carlo values for kQ, the

beam quality conversion factor. Values calculated by ARPANSA are

being collected alongside other results from invited groups to form

consensus values.

Method The EGSnrc user code egs_chamber was used to simulate

various ionisation chambers, including the classic Farmer chamber.

Both the ARPANSA 60Co teletherapy source and Elekta Synergy

linac were modelled in BEAMnrc. Two methods were used; phase-

space files and BEAM shared libraries.

kQ values were calculated from the ratio of scored doses in the air

cavity of the chamber and dose to water. Figure 1 gives an illustration

of interactions occurring in the chamber.

Results For the NE2571 Farmer chamber, simulated kQ values were

similar to both TRS-398 and published Monte-Carlo values [2], and

agreed with other invited groups. Both the phase-space and BEAM

shared library sources produce similar results, agreeing within 1r.

Figure 2 shows the two calculated results compared to TRS-398 and

reference data. Other chambers, including the PTW 30013, IBA

FC65-G and CC13, have been successfully modelled and associated

results will be shown.

Conclusion We have successfully calculated kQ values for various

ionisation chambers, with the results for the NE2571 shown here. Our

initial results compare well to other international groups.
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Introduction The Australian Clinical Dosimetry Service (ACDS) has

audited reference dosimetry since its inception in 2011. Auditing is

envisioned as a driver for improved performance, so for regular

(flattened) photon beams we assess the impact on audit results from

the program over 7 years. We also assess the impact on Australian

dosimetry arising from ionisation chamber specific energy correction

factors, kQ, which have been partially adopted over the last 2 years.

Method The ACDS follows the TRS-398 protocol[1] for onsite level

Ib reference dosimetry audits with a PTW-30013 ionisation chamber.

In this study the method used by the facility to obtain kQ (either from

the published values or via direct measurement) was also adopted by

the ACDS prior to the calculation of dose variation.

Results Fig. 1 shows the audit dose variations from approximately

200 photon beams. For audits using published kQs the standard

deviation (SD) was calculated (sample size of 50) over the audit

period and the trend in SD has been plotted. A reduction in audit SD

from 0.60% to 0.44% is observed. For recent audits using measured

kQs SD was calculated once (sample size of 23) and returns a value of

0.24%.

Conclusion While anecdotal evidence of improved dosimetry fol-

lowing auditing has been observed in the past (through practices such

as equipment modernisation), we also observe a gradual decrease in

the overall SD of audit results, suggesting that auditing is a driver of

improvement. Also observed is the benefit of the technological

advance of directly measuring chamber kQs during calibration.
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Introduction In recent years, Australian radiotherapy centres have

used the ARPANSA 60Co absorbed dose to water calibration of their

ionisation chamber as the basis of their dose determination in the

clinic, applying a calculated kQ factor from TRS-398 to correct to the

linac beam quality they use in treatments. More accurate dosimetry

can be achieved if calibration of the ionisation chamber is performed

as well at the three ARPANSA linac beam qualities available and the

appropriate calibration factor for the particular beam quality of the

clinic determined by interpolation.

Method ARPANSA now calibrate all reference-class ionisation

chambers submitted for calibration for linac beams as well as 60Co.

The linac calibration is a cross calibration against two ARPANSA

reference chambers of the same type, which have been calibrated

against the graphite calorimeter primary standard. This allows

determination of the absorbed dose to water calibration factor at the

beam quality of the radiotherapy centre by interpolation, using

TPR20,10 to define the beam quality.

Results ARPANSA’s radiotherapy calibrations are traceable to the

Australian primary standard of absorbed dose, the ARPANSA gra-

phite calorimeter. This is true both for 60Co and direct calibrations

using the ARPANSA medical linear accelerator. ARPANSA’s gra-

phite calorimeter has been compared internationally through the

BIPM Key Comparisons Program and in bi-lateral comparisons such

as with NMIJ1 in Japan. These comparisons have shown that

ARPANSA’s graphite calorimeter agrees well with other international

primary standards. Fig. 1 below shows the latest K6 comparison data.

Figure 1: Latest K6 comparison data from 9 Primary Standards laboratories
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There has also been a recent comparison in May 2018 between NMIJ

and ARPANSA, with results which will be soon be available.

Conclusion The calibration service offered by ARPANSA, combin-

ing 60Co and linac beam qualities will potentially lead to better

dosimetry accuracy for Australian radiotherapy clinical treatments.
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Introduction The ARPANSA Primary Standard Dosimetry Labora-

tory (PSDL) was invited by the IAEA to contribute to the update of

IAEA TRS-398 for high energy photons. A range of independent

groups were asked to provide new kQ factors for the revision of the

high-energy photon section. The ARPANSA PSDL has committed to

providing both experimental and Monte Carlo calculated kQ factors.

Method The ARPANSA PSDL has been measuring kQ values of

ionisation chambers since 2014 by measuring absorbed dose to water

calibration factors in Co-60 gamma radiation, and 6X, 10X and 18X

photon beams from an Elekta Synergy linear accelerator. These

measurements are traceable to the graphite calorimeter which is the

Australian primary standard for absorbed dose. kQ have also been

calculated with Monte Carlo simulations. The EGSnrc used code

egs_chamber has been used to construct realistic models of a number

of reference class ionisation chambers. BEAMnrc models of the Co-

60 source and the linear accelerator photons beams were then used to

calculate the doses to the sensitive volumes of the chambers and the

dose to water to realise the theoretical kQ value.

Results kQ values have been measured for eight different types of

ionisation chambers. The differences between IAEA TRS-398 kQ

values and those measured will be presented along with comparison

to those given in the updated AAPM TG-51 protocol.

Figure 1: Experimental kQ measured for twenty 2571 chambers (coloured) compared to two current 
protocols and Monte Carlo calculated values.
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The initial results of the Monte Carlo kQ calculations for three Farmer

chamber types will also be presented comparing with our experi-

mental results and other Monte Carlo calculations.

Conclusion The ARPANSA PSDL has measured and calculated kQ

values for a range of reference ionisation chambers. These will con-

tribute to the revision of the high-energy photon dosimetry update of

IAEA TRS-398.
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Introduction The evolution of the Australian Clinical Dosimetry

Service (ACDS) audits to keep pace with the changing aspects of

radiotherapy technology is important for a clinically relevant national

dosimetry service. The audit coverage now standardly includes con-

formal, IMRT, VMAT and FFF treatments. This year has seen a focus

on small field and SABR and both are in active field trial around the

country. New challenges for the ACDS is not only coverage of

clinical practice of standard machines, but also how we can adapt our

audits for non-standard technology, both existing and soon-to-be

deployed.

Method Tomotherapy, Cyberknife, Gammaknife, and Halycon linacs

are all in clinical use around Australia. Field trials on

Tomotherapy and Halcyon demonstrated the ACDS audits can be

effectively used with only minor modifications of audit proce-

dures required. The inclusion of SABR capability allows

measurements on Cyberknife and proposed addition of an SRS

cranial phantom opens the possibility of Gammaknife measure-

ments. The inclusion of a cranial phantom also supports clinical

trial credentialing and moves the ACDS in line with equivalent

international auditing bodies.

MRI Linacs are expected to be in clinical use in Australia in 2019 and

magnetic field dosimetry has been an animated discussion point. The

ACDS is collaborating with the National Physical laboratory (NPL) in

the UK for traceable reference dosimetry in a magnetic field, and to

perform intercomparison between ion chamber and alanine based

end-to-end measurements on modulated fields with a MRI Linac.

Proton auditing and a harmonised approach for clinical trial cre-

dentialing is a focus of international auditing and trial groups.

ARPANSA is considering proton dosimetry all the way from primary

standard calorimetry through to end-to-end Level III audit testing.

Results

Table of audit modality status and planning for 2018-2019 (Live, Field trial, Planned)
Level Modality Applicable technology

I
Reference Linac
FFF Reference Linac 
kV kV

Ib

Reference Linac
FFF Reference Linac, Tomo, Halcyon
Small field Linac
FFF small field Linac
MRI Reference MRI Linac
kV kV

II

3DCRT Linac
IMRT Linac, 
IMRT FFF Linac, Halcyon
VMAT Linac,  
VMAT FFF Linac, Halcyon
SABR/SRS Linac

III

3DCRT Linac, Tomo
IMRT Linac, 
IMRT FFF Linac, Halcyon, Tomo
VMAT Linac,  
VMAT FFF Linac, Halcyon, Tomo
SABR Linac, Cyberknife
SRS (cranial) Linac, gammaknife, cyberkinfe
MR RT MRI Linac
4D IGRT Linac

Conclusion The ACDS is developing a comprehensive suite of audit

modalities aimed at ensuring patient safety across a range of clinical

practice and radiotherapy technologies.
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IS09 Developing a clinically approved nanoparticle

for detecting and diagnosing metastases

with simultaneous PET-MRI

Y. H. Gholami

The University of Sydney

Metastases, the leading cause of death from all types of cancer, first

appears in tumour draining lymph nodes. Due to their small size and

low vascularisation, metastases are very difficult to detect. To address

this, we have developed a radiolabeled nanoparticle platform for

simultaneous Positron Emission Tomography (PET) and Magnetic

Resonance Imaging (MRI) that not only provides contrast-enhanced

diagnostic imaging, but also provides significant image quality gain

from integrating the high spatial resolution of MRI with the high

sensitivity of PET. A commercially available, FDA-approved mag-

netic nanoparticle, Feraheme� (FH), was developed for this

application. FH is increasingly being used off-label as an MRI con-

trast agent for diagnostic lymph node imaging. Following intravenous

injection, FH extravasates from vascular space to interstitial space,

from where it is taken up by immune cells (monocytes/macrophages)

and delivered via lymphatic vessels to lymph nodes. The FH

nanoparticles remain in normal nodal tissue and thus provide MRI

contrast against any metastatic lesions in the nodes.

FH was radiolabeled with the PET radioisotope 89Zr using a novel

chelate-free radiolabeling technique, heat induced radiolabeling

(HIR). Radiochemical analysis demonstrated a high radiochemical

yield (92%) and purity (98%) of the 89Zr-FH product. Pre-clinical

simultaneous PET-MRI scans confirmed the capability of 89Zr-FH for

this multi-modal imaging technique. Furthermore, the relative con-

trast image analysis showed that 89Zr-FH can combine PET and MR

images in a complementary manner to achieve high quality imaging

using a minimal dose of radioisotope and Fe.
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Introduction Deformation image registration(DIR) supports a clini-

cal decision which required quantification of DIR error per patient1.

The aim of this work is to present an in-house automated QA tool for

quantitative evaluation of DIR performance.

Method An in-house QA tool was developed as an extension within

MiM software�(MIM Software Inc., Cleveland, OH). The QA tool

uses a DICOM registration as an input. It processes the deformation

vector field (DVF) at each voxel inside user defined regions of

interests (ROIs) and on the entire dataset. Further, the QA tool cal-

culates various metrics such as total registration error (TRE), DVF

statistics, Jacobean determinant (JD), harmonic energy (HE) and a

result summary report and database is automatically populated. A

comprehensive validation of this QA tool was performed including

masking the defined ROI and reporting the metrics using pseudo

dataset with known ground truth. Also, the calculated TRE was

compared with MIM reported values using POPI dataset2 having

predefined anatomical landmarks. Finally, the sensitivity of QA tool

was assessed by changing the smoothness factor and analysing the

resultant DVF for each change made.

Results Figure 1(a) shows an overlay of defined a ROI and the

masked region by the QA tool demonstrating the accuracy of the

masking functionality. The TRE calculated from QA tool and MiM

software agreed within 0.3 mm. Figure 1(b and c) shows DVF

statistics and DVF overlay of ROI. Figure 2 shows changes in JD and

HE map with change in smoothness factor suggesting the sensitivity

of metrics to detect the non-physical deformation.

Conclusion An automated in-house automated quality assurance

(QA) tool for quantitative patient specific evaluation of DIR was

developed and implemented clinically. Future work is underway by

datamining the QA results to understand the sensitivity each of the

metrics under an individual clinical situation and also develop real-

istic QA tolerances.

References

1. AAPM Task Group No. 132 Med Phys 44(7) 2017:e43–e76

2. Castillo et al Phys Med Biol. 2013 May 7; 58(9): 2861–2877

Australasian Physical & Engineering Sciences in Medicine (2019) 42:285–401 353

123



O126 Rigid and deformable image registration practice

pattern: Australasian results

J. Yuen1, A. Ralston1, A. Gray2,3,4, A. Walker2,3,4,5, M.
Jameson2,3,4,5, N. Hardcastle6, L. Schmidt1, K. Harrison7,
J. Poder1, J. Sykes8, J. Barber8,9

1St George Hospital Cancer Care Centre, Kogarah, NSW, Australia,

2217. (Johnson.Yuen@health.nsw.gov.au),

(Anna.Ralston@health.nsw.gov.au),

(Laurel.Foessel@health.nsw.gov.au), (Joel.Poder@health.nsw.gov.au

[Presenting author]). 2Liverpool and Macarthur Cancer Therapy

Centres, NSW Australia. (Alison.Gray@health.nsw.gov.au),

(Amy.Walker@health.nsw.gov.au),

(Michael.Jameson@health.nsw.gov.au). 3South Western Clinical

School, University of New South Wales, Sydney, Australia. 4Ingham

Institute for Applied Medical Research, Sydney, Australia. 5Centre

for Medical Radiation Physics, University of Wollongong, NSW,

Australia. 6Physical Sciences, Peter MacCallum Cancer Centre,

Melbourne, Australia. (Nick.Hardcastle@petermac.org). 7Genesis

Cancer Care, Newcastle, NSW, Australia.

(Kristie.Harrison@cancer.com.au). 8Blacktown Cancer &

Hematology Centre, Sydney West Cancer Network, Sydney,

Australia. (Jonathan.Sykes@health.nsw.gov.au),

(Jeffrey.Barber@health.nsw.gov.au). 9School of Physics, University

of Sydney, Sydney, Australia

Introduction Interest in the potential clinical benefits of rigid and

deformable image registration has increased since the release of the

AAPM TG132 report on this topic. Data on departmental practice

patterns in image registration was acquired to facilitate further

implementation.

Method The AAPM TG132 report was analysed on a process level to

generate a survey to assess potential variations in resources, imple-

mentation, and criteria for clinical image registration. Radiotherapy

sites from Australia-New-Zealand (ANZ) and internationally (INTL)

were surveyed.

Results 67% of the 12 ANZ responses were from NSW. 19 INTL

responses were from Americas (47%), Europe (32%), and Asia

(21%). Sites tended to use DIR with dedicated software (ANZ 42%,

INTL 63%) vs. treatment planning system (ANZ 33%, INTL 32%).

DIR was most common for CT-CT registration (ANZ 17%, INTL

63%), followed by CT-PET (ANZ 16%, INTL 53%).

Centres have implemented or are implementing DIR clinically for

atlas-based segmentation (ANZ 67%, INTL 42%), multi-modality

treatment planning (ANZ 50%, INTL 68%), and dose deformation

(ANZ 50%, INTL 68%). Our data suggests that most sites will use

DIR clinically by 2019–2023.

While sites were aware of TG132 request/report forms (ANZ

100%, INTL 74%), adoption was limited as of 2018 (ANZ 33%,

INTL 11%) but was expected to increase (ANZ 58%, INTL 27%).

ANZ physicists had limited involvement with registration pro-

cesses (ANZ 40%, INTL 80%). The key challenge (Figure 1) was

insufficient trained staff (ANZ 50%, INTL 32%) but internationally, it

was determining whether registrations were satisfactory (ANZ 33%,

INTL 52%), and actions when registrations were not (ANZ 33%,

INTL 47%).

Conclusion Australasian-specific practice pattern shows who, what,

when, and how tasks are performed for image registration, enabling

adaptation for local challenges. Institutional or state consensus on best

practice for image registration in Radiation Oncology could be

facilitated by practice pattern data.
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Introduction MIRADA is a commercial software package that allows

image registration, rigid and deformable, of different imaging

modalities (multi-modality). It also allows automatic anatomical

segmentation based on atlas databases (provided or user defined).

NCCI is the first centre in Australia to implement MIRADA. This

work involves evaluation of deformable registration and using in-

house Matlab software to both introduce known mathematical

deformation and evaluation of multi-modality registration.

Method Multi-modal image datasets (CT, MRI, PET, CBCT) are

imported into in-house Matlab software. Known deformations are

applied to alter the studyset. Mirada was then used to register the

deformed studyset to the original studyset. The quality and extent of

the registration was then assessed using the deformation vector field

within Mirada, 2D correlation method and mutual information

developed in Matlab. Both phantom and clinical patient datasets for

various anatomical sites were used.

Results Results show the correlation for deformable registration is

generally above 0.98. This depends on initial rigid correlation as an

optimisation problem initial point can largely influence the final

quality of the result. High degree and complexity of deformation

when mathematical deformation is introduced, or presence of random

and extended variation in signal (e.g., gas in abdomen) degrade the

correlation.
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Conclusion This evaluation indicates MIRADA as a useful quality

tool to enable better image registration and identification of tumour/

anatomy. A characterization of the correlation as a global metric to

quantify reregistration is likely necessary and will need to be aug-

mented by a human observer.
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Introduction Adjuvant radiotherapy for thoracic malignancies

involves radiation dose to the heart and coronary arteries, which is

associated with an increase in the risk of cardiovascular complica-

tions. The relationship between the specific dose and radiation-

induced cardiac disease is complex and poorly understood. Retro-

spective analysis of the dose to cardiac substructures involves

segmentation of these volumes in planning computed tomography

(CT) images. An automated method for cardiac segmentation is

required, and a multi-atlas approach can provide the accuracy, con-

sistency and performance required. We present the challenges and

solutions in the implementation of atlas-based cardiac substructure

segmentation.

Method We develop an end-to-end automatic atlas-based segmenta-

tion framework, which includes image preprocessing, rigid and

deformable registration, label fusion, threshold optimisation and

automatic vessel segmentation. During the validation of this frame-

work we implement one Danish and one Australian CT atlas dataset.

We examine these datasets in terms of inter- and intra-atlas

consistency.

Results Incremental improvements lead to a robust and flexible

segmentation framework. The development of an automatic vessel

fitting algorithm for coronary arteries provides a solution to vessel

segmentation and offers a major improvement to previous methods.

Overall analysis of the segmentation framework demonstrates

excellent overall performance, as well as necessary efficiency for

planned future studies. The mean symmetric surface distance for

whole heart segmentation is 1.91±0.60mm and for the left anterior

descending coronary artery is 5.78 ± 3.53mm; these values are

similar to estimates of inter-observer variability. Using automated

reporting we are able to identify inconsistently contoured images in

an atlas set, and use this information to improve atlas consistency.

Conclusion This study presents solutions to challenges encountered

in automatic segmentation of cardiac and coronary structures, with a

focus on the application in large-cohort retrospective studies in

radiation oncology.

O129 Dosimetric validation of automatic segmentation

of the left anterior descending coronary artery

in radiotherapy of the left anterior descending coronary

artery in radiotherapy

R. N. Finnegan1,2, C. Brink3,4, E. L. Lorenzen4, J.
A. Dowling1,5,6,7,8, D. I. Thwaites1, L. C. Holloway1,2,6,7,9

1Institute of Medical Physics, School of Physics, University

of Sydney, Sydney, Australia. (robert.finnegan@sydney.edu.au

[Presenting author]). 2Ingham Institute for Applied Medical Research,

Liverpool, Australia. 3Institute of Clinical Research, University

of Southern Denmark, Odense, Denmark. 4Laboratory of Radiation

Physics, Odense University Hospital, Odense, Denmark. 5The

Australian e-Health and Research Centre, CSIRO Health

and Biosecurity, Herston, Australia. 6School of Mathematical

and Physical Sciences, University of Newcastle, Newcastle, Australia.
7South Western Sydney Clinical School, University of New South

Wales, Sydney, Australia. 8Centre for Medical Radiation Physics,

University of Wollongong, Wollongong, Australia. 9Liverpool Cancer

Therapy Centre, Liverpool Hospital, Sydney, Australia

Introduction During thoracic radiotherapy the heart and left anterior

descending coronary artery (LADCA) are subject to radiation dose.

The correlation between this radiation dose and an increase in the risk

of coronary events later in the patient’s life is not particularly well

understood, in part due to the variability in contouring practices. In

order to better understand this relationship a consistent method of

generating segmentations of these volumes is necessary.

Method We generate automatic segmentations of the whole heart and

LADCA with a multi-atlas based approach. A dataset consisting of 15

left-sided breast cancer patients was contoured by 9 experienced

observers, both before and after adherence to common guidelines.

The effect of atlas selection on dose is evaluated by automatically

segmenting the images with a Danish atlas set and an Australian atlas

set. The dosimetric consequences of the use of automatic segmenta-

tions are evaluated with respect to the inter-observer

variability.dosimetric consequences of the use of automatic segmen-

tations are evaluated with respect to the inter-observer variability.

Results After following guidelines the automatic and manual whole

heart segmentations have excellent agreement and little difference in

dosimetric measures. For the LADCA, adherence to guidelines often

improves the agreement to the automatic segmentation, however it

does not necessarily reduce the interobserver variability, as can be

seen in Figure 1. measures. For the LADCA, adherence to guidelines

often improves the agreement to the automatic segmentation, however

it does not necessarily reduce the interobserver variability, as can be

seen in Figure 1.

Conclusion This study presents a validation of automatic segmenta-

tion of the whole heart and LADCA in terms of dosimetry during left-

sided breast cancer.
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IS10 No research time, no research staff, and a hundred

published papers: the horrors and the fun of sharing

clinical medical physics work via the scientific literature

T. Kairn

Royal Brisbane and Women’s Hospital

The clinical responsibilities of the radiation oncology medical

physicist usually include investigating and commissioning radio-

therapy techniques and technologies that are new to the local

radiotherapy department. That work may involve using standard

equipment and methods to perform tests against internationally-rec-

ommended tolerances. Often, however, medical physics tasks involve

the design and use of completely new equipment, software and

methods, or the development of techniques for using of existing

systems for purposes other than those for which they were designed,

or simply the development of methods for improving the accuracy or

efficiency of existing processes. All such novel investigations should

be recognised and shared, as research.

Sharing the methods and results of medical physics investigations

allows physicists, radiation oncology staff and ultimately patients at

other institutions to benefit from work completed locally. Using the

scientific literature to share this information has the advantages of

giving authors access to (usually free and unbiased) peer review by

experts in the field, as well as international distribution and promotion

of the work by commercial publishers.

Based on years of maintaining a high research output despite a

full-time clinical workload, this presentation provides hints and tips

for turning clinical medical physics work into publishable research, as

well as anecdotes and horror stories of problems that can be

encountered and how they can be handled.

KS11 Publishing in 2018: is it harder than 15 years ago?

L. Marcu

The University of Oradea

Is it harder to publish in 2018 than 15 years ago? If the number of

scientists roughly doubled in the last 15 years and the number of

scientific journals also doubled in that period, why is the general

feeling in scientific circles that is has become harder to publish? The

publishing effort probably depends on the quality standard of the

targeted journals. Considering the growing importance of a scientist’s

publication record quality, are there significantly more well-respected

scientific journals than there were 15 years ago or are we all com-

peting for the same, limited publishing space? Papers often get

rejected up-front, without any peer review, owing to the large number

of manuscripts submitted. A common complaint from authors is that

nowadays peer reviewers ask for more or even different experiments

to prove the results, leading to a prolonged reviewing/publishing

process. If a paper goes through several journals before eventual

acceptance, did the multiple reviewing process improve the quality of

the manuscript or just increased its time to publication?

On the other side of the equation, did the editorial process change

significantly over the years to keep up with the exponential increase in

submitted manuscripts? An emerging aspect that increases the burden

on editors is the growing interest in interdisciplinary research, which

often turns the review of an interdisciplinary paper into a saga due to

incongruities between authors and referees. The broad range seen in

publication times among journals is greatly influenced by the dili-

gence of the editors and the scientific maturity of the referees.

Are we, as experienced scientists who one day seek to publish and

another day are requested to review, treat this responsibility with its

due importance? How could we improve both the editorial and

reviewing processes to cut down the time to return a decision to the

authors?

O130 Radiation therapy for patients with palliative care

needs in the modern era: why medical physicists should
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Introduction It is estimated in British Columbia (population 4.5

million) that only 15% of the 27,000 that die each year with palliative

care needs actually access specialist palliative care services. 12,000

patients are treated annually at BC Cancer with radiation therapy (RT)

about 6,000 are palliative intent. We assume that many in this latter

group have unmet palliative care needs.

Cancer patients who are deemed palliative depend on appropriate RT

to improve their health/quality of life. RT interventions can range

from single field/fraction to complex stereotactic techniques1,2.

Matching RT intervention with the patient’s needs on a timely basis is

key to effective palliative treatment.

Method On April 10, 2018 BC Cancer held a 1 day workshop in

Vancouver to consider the development of an Interprofessional

Provincial Palliative Care Radiation Oncology Site Group. There

were about 50 participants from across the province including rep-

resentatives from all disciplines and patient representatives. ‘‘World

Café3’’ methodology was used to consider how the group could work

together to improve quality of care and experience of patients and

their families referred for palliative RT.

Results Several important concepts emerged from the workshop that

medical physicists would generally be unaware of. Major impact on

patient outcomes from palliative RT and treatment urgency reduction

can be realised if the appropriate intervention is timed around

symptom onset.

Regular stress screening of patients with palliative care needs is

critical. Infrastructure is required to support stress screening in ways

that maximise patient compliance. Existing patient reported outcomes

processes4 could be developed and allow measurable impact of

optimised use of palliative RT.

Conclusion A major opportunity exists to improve quality of life for a

large group of patients receiving RT that have palliative care needs.
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Medical physicists are integral to developing efficient workflow

processes for appropriate RT techniques.
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Introduction The Australian MRI-Linac [1] combines a bespoke split

bore 1.0 T MRI magnet with a fixed 6MV linear accelerator. Since the

magnet and linac are both fixed, patient rotation will be required to

achieve multiple beam angles.

One of the challenges with patient rotation is understanding and

adapting for induced anatomical deformations. Limited literature

exists in this space [2] and this knowledge gap forms the basis of this

study.

Method A HREC approved pilot study has been initiated (PAROT)

which will recruit 10 healthy volunteers to be followed by 30

radiotherapy cancer patients. Volunteers are imaged on a dedicated

3 Tesla radiotherapy MR scanner in a patient rotation system [2]

(figure 1) at angles 0, 45 and 180-degrees. Angled scans were

acquired using a fast (*50s) 2D T2w turbo spin echo (TSE)

sequence. The images are rigidly aligned to a high resolution

0-degree image (3D isotropic T2w TSE ‘SPACE’ *6min acqui-

sition) followed by a non-rigid registration [3] to obtain a

deformation field. The deformation field was exported to

MATLAB to obtain mean, maximum and minimum deformations

with standard deviation. This work describes initial imaging

results.

Results Maximum deformation was slightly worse at 45-degrees,

measured as 32.00 mm compared with 28.00 mm for 180�. Maximum

deformations occurred around the external surface due to changes in

adipose tissue (figure 2). The lack of deformation around the bladder,

rectum and cervix suggests deformations could be accounted for using

rigid registration.

Conclusion A healthy volunteer was imaged on a patient rotation

system at 0, 45 and 180-degrees. Mean deformations relative to the

0-degree of 3.40 ± 4.10 mm were observed, with the largest defor-

mations at the external surface. Understanding the impact of

anatomical deformation with rotation will be integral in the devel-

opment of adaption methods for fixed beam patient rotation systems

including the Australian MRI-Linac.
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Introduction One challenge in MRI-linac technology is the magnetic

field effect on radiation beam generation and dose deposition. The

Australian MRI-linac prototype explores an inline configuration,

which potentially allows to minimise or even to exploit these effects.

This work describes dosimetric optimisation of the system and reports

on its commissioning status.

Method The system consists of a 1 T split-bore magnet (Agilent) and

an on-rail 6 MV linear accelerator (Varex) allowing SID variation.

To utilise the shortest SIDs, alignment of the radiation beam to the

magnetic field and magnetic shielding of the radiation head were
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optimised. These steps were guided by investigative measurements: an

MR test object (LTO), cross-hair phantoms and an EPID (Perkin Elmer)

were used to refine the alignment and a Starcheck maxi MR (PTW) ion-

isation chamber array was used to assess the beam output loss and

asymmetry resulting from undesired deflection of electrons in the linac.

Subsequently, machine performance was tested according to

IEC60976/77 tailoring the methods to the unique aspects of our

system. Absolute dose, beam quality and output factors were mea-

sured in a 1D water tank using a Farmer-type ionisation chamber FC-

65G (Scanditronix Wellhöfer). The profile symmetry was assessed

using Starcheck and depth and lateral dose profiles were acquired

using EBT3 films (Ashland) in solid water.

Results Congruence of the radiation beam axis and the imaging

isocentre within 2 mm was obtained. The dose monitoring system met

IEC criteria. Symmetry was \ 103% for fields up to 25x25 cm2.

Penumbra width was: 10.3 mm parallel and 8.7 mm perpendicular to

the leaf direction and did not show asymmetry inherent to perpen-

dicular configurations.

Conclusion The inline MRI-linac has been dosimetrically optimised

and characterised constituting a key step towards its clinical

application.
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Introduction The GammaKnife IconTM enables frameless radio-

surgery via a CBCT unit that both defines the stereotactic coordinate

system and corrects for inter-fraction motion. The frameless co-or-

dinate system is determined from a high-dose preset CBCT to which

the planning dataset is co-registered. Prior to each treatment fraction,

a low-dose CBCT is registered to the initial high-dose acquisition. In

addition, its HDMM system monitors intra-fraction motion with

infrared reflectors and pauses treatment when patient motion exceeds

a pre-defined limit. In this study we evaluate the performance of the

ICONTM’s frameless radiosurgery system.

Method Image quality was evaluated from CBCT acquisition of the

Catphan 503 phantom which was docked to the treatment couch.

Dosimetric parameters (CTDI, beam quality, mAs) were measured

with a head CTDI phantom and Unfors detector.

Coincidence of the CBCT-based with the frame-based coordinate

system was tested using a spherical solid water phantom to which the

(frame-based) localizer box could be attached, and which could be

docked to a CT-scanner and the treatment couch. Hence its coordinate

system could be defined by fiducial markers (used in frame-based

radiosurgery) and via CBCT. The coordinates of landmarks in each

system were compared.

CBCT-to-CBCT registration was evaluated by translating and

rotating a phantom on the treatment head support. Between move-

ments, a CBCT was acquired, registered, and the location of

landmarks recorded in each dataset.

The HDMM calibration was evaluated by moving an infra-red

reflector a known distance in all three directions using Vernier dials,

then observing the motion recorded by the HDMM system. HDMM

functionality during treatment was observed by moving an infra-red

marker with a motion platform operated from the control room.

Results Image quality and dosimetry were within Elekta specifica-

tions [1]. No error in image registration beyond the estimated

experimental uncertainty was measured.

Conclusion The ICON’s CBCT system has been successfully com-

missioned and is now being used for frameless and fractionated

radiosurgery.
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O134 A data mining approach to monitor IGRT

uncertainties to validate margins for stereotactic

ablative body radiotherapy (SABR)

J. Luo

Nepean Cancer Care Centre, NSW. (jianjie.luo@health.nsw.gov.au

mailto:a.n.author@gmail.com [Presenting author])

Introduction In order to insure uncertainties in the SABR treatment

process are compatible with the clinical CTV to PTV margin, it is

necessary to monitor a range of variables. This can be found in

multiple clinical and physics databases. In this work, a tool for

aggregating and analysing data is reported.

Method Data extraction was performed using web application util-

ising PHP and SQL from the Mosaiq OIS, Elekta’s XVI imaging

database and an in-house physics QA database. This data was anal-

ysed to determine trends in treatment sites, machine used and various

setup changes.

The following patient specific data was assessed:

1. Patient Setup errors

a) Intra-fraction motion

Quality assurance parameters may also influence calculated

margins:

a) kV/MV deviation

b) Linear accelerator Iso-sphere

This uncertainty data was used to calculate a margin expansion,

which was compared with clinical margin.

Results Margins for varies techniques are shown in table below. The

margin for lung SABR, Spine SABR and Brain SRS were approx. 3.6

mm, 6.2 mm and 3.5 mm respectively. A difference of 0.7mm was

noticed for Spine SABR between LA1 and LA2. However, this was

not statistically significant. For Brain SRS, additional 1.3 mm margin

for non-coplanar was required.
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mm Brain SRS Lung SABR Spine SABR

LA1
X 3.6 6.4 3.8
Y 3.5 6.3 3.8
Z 3.6 6.6 3.8

LA2
X 6.0 3.5
Y 5.8 3.1
Z 6.2 3.3

Conclusion A tool was developed that could determine a margin to be

utilised to determine patient specific margins for various treatment

techniques. This program can be used to quickly and efficiently

provide an up to date evaluation of the uncertainties based on current

machine and patient performance. In future, the additional factors will

be extracted from the databases and machine learning use for quality

control.

KS13 Medical physics education in the USA

M. Dingfelder

Department of Physics, East Carolina University, USA.

(dingfelderm@ecu.edu [Presenting author])

Introduction Medical physics education in the United States is

strongly regulated to ensure a consistent quality and qualification of

medical physicists entering the board certification process and the

profession. In order to be eligible for board certification by the

American Board of Radiology (ABR) [1], candidates must graduate

from a CAMPEP (Commission on Accreditation of Medical Physics

Education Programs) [2] accredited graduate program and complete a

CAMPEP accredited residency program.

Method CAMPEP is a non-profit and sponsor-independent organi-

zation. On recommendation and in collaboration with the American

Association of Physicists in Medicine (AAPM) [3] and the ABR,

CAMPEP developed minimum standards every medical physics

graduate program and residency has to meet. Individual institutions

can develop and design program specific curricula by complementing

the minimal standards with institutional or programmatic content.

CAMPEP reviews and accredits educational programs. The Society of

Directors of Academic Medical Physics Programs (SDAMPP) [4]

which promotes the advancement of medical physics education

worldwide also provides recommendations to the AAPM and

CAMPEP.

Results This communication introduces first CAMPEP standards for

graduate programs and residencies and illustrates how they are

implemented in existing programs. East Carolina University [5]

serves as an example, housing a Master’s in Physics, a PhD in

Biomedical Physics, and a residency program in therapy.

Conclusion This study provides information on medical physics

education programs in the United States of America.

Acknowledgements We thank the organizers for conference travel

funding.
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O135 Australian postgraduate medical physics

and the university of the future

Andrew L. Fielding

Science and Engineering Faculty, Queensland University

of Technology, Brisbane, Australia. (a.fielding@qut.edu.au)

Introduction The Australian higher education sector is undergoing

rapid changes. These changes will have an impact on the way

teaching and research is conducted in Australian Universities. Addi-

tionally, the Medical Physics profession, through the MedPhys3.0

initiative is recognising that it is going to have to adapt to maintain

relevance in the technology driven health care system of the future.

The traditional role of being the scientific expert for the safe and

effective use of ionising radiation for imaging and radiotherapy will

need to be complemented by knowledge and skills in new areas such

as robotics, big data, and artificial intelligence.

Method Ernst and Young [1] recently published a report outlining

four possible models for the Australian University of the Future: (1)

the Champion University, (2) the Commercial University, (3) the

Disruptor University, and (4) the Virtual University. The conse-

quences of what each of these models could mean for the highly

specialised medical physics postgraduate course is considered.

Results The current scenario resembles the Champion University

model with six campus based highly specialised Medical Physics

postgraduate courses run largely independently. This would almost

certainly not be sustainable in the Commercial University model. The

Disruptor and Virtual University models will favour short unbundled

courses where students study to gain new knowledge and skills at the

appropriate point in their training and throughout their careers. This

could lead to a more integrated, but modularised, medical physics

education and training that could include traditional ionising radiation

roles as well as new areas such as robotics, big data and artificial

intelligence.

Conclusion The changes in the higher education sector in Australia

could have profound implications on the way we deliver medical

physics education and training and it is important that as a profession

we are prepared.
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IS12 Updates on TEAP from the ACPSEM

P. H. Charles1,2

1Radiation Oncology, Princess Alexandra Hospital, Brisbane,

Australia. 2Science & Engineering Faculty, Queensland University

of Technology, Brisbane, Australia.

(Paul.Charles@health.qld.gov.au)

A number of new initiatives to improve RO TEAP have recently

begun. This talk will highlight some of these projects including: more

robust examination assessment, improvements to the best works

concepts, COMET and greater use of online resources (e.g. for level 1
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sign offs and APR assessments), improvements to the points progress

system, changes to the federal funding models (there are good

changes!), and the impending TEAP review. Plus probably more,

there’s always more.

IS13 EPSM 2018 abstract: point of care ultrasound

(POCUS) training in Papua New Guinea (PNG)

N .Parange

The University of South Australia

Papua New Guinea has one of the world’s highest maternal mortality

rates (MMR) with approximately 215 women dying per 100,000 live

births. The comparable statistic for Australia is 7.1 deaths per 100,000

live births in non-indigenous population.

Infant mortality rate is 42.4 deaths per 1000 live births. In recent

years, there have been increased efforts to reduce the high maternal

mortality ratio (MMR) in Papua New Guinea, yet the lifetime risk of

dying in pregnancy for a PNG mother is one in 20.

The World Health Organization’s (WHO) Sustainable Development

Goals aim to reduce the global MMR from 220 in 2013 to 70 by 2030 [1].

Common causes of maternal death in PNG include sepsis, low

lying placenta leading to postpartum haemorrhage, ectopic pregnan-

cies leading to catastrophic bleeds. Fetal and neonatal deaths here are

common because of growth restriction and prematurity. A clear

majority of these problems can be recognised on ultrasound, and most

often, interventions can be applied to prevent mortality and morbidity,

but there is a shortage of skilled personnel to diagnose these problems

to be able to manage them effectively. POCUS training can be an

efficient way of upskilling health professionals in a short period of

time to enable them to learn life-saving skills.

This presentation will present the author’s experiences and discuss

advantages, challenges and benefits of POCUS training in PNG.
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O136 Considerations for a dedicated MRI-simulator

in a clinical radiation oncology setting

J. B. Simpson

Department of Radiation Oncology, Calvary Mater Newcastle, NSW.

(john.simpson@calvarymater.org.au [Presenting author])

Introduction The increasing demands for tumour and soft tissue

visualisation for improved radiotherapy targeting and normal tissue

sparing has led to the increasing use of MRI in treatment planning.

However utilising radiology based MRI in the simulation process

produces compromises resulting from access constraints and temporal

and physical remoteness from the radiation oncology department.

Furthermore, recent developments in MRI-only treatment planning

means that it is becoming possible to avoid CT-simulation altogether.

Hence we are entering an era where CT-simulators can be replaced by

MRI-simulators. The Calvary Mater Newcastle has just replaced one

of its two CT scanners with an MRI scanner, in what is perhaps the

first truly dedicated clinical MRI-simulator to enter service in

Australia.

Method Drawing partly upon the recent Newcastle experience, this

presentation will provide the author’s personal insights into the sub-

ject. In particular he will be discussing the pros and cons for acquiring

and/or replacing a CT-simulator with an MRI-simulator, the current

technology, the clinical indications and future directions for MRI-

simulation as well as the threats and opportunities that an MRI-sim-

ulator provides for the medical physics profession.

Results and conclusion In addition to improving the solutions for

MRI-simulation including couch tops, coil bridges and acquisition

protocols; commercial solutions are appearing for MRI-only planning

and treatment response monitoring. However MRI-simulation is a

developing field and many issues remain unresolved. Geometric

distortion is a significant consideration for the selection of MRI-field

strength and optimal scan technique. CT replacement requires an

assurance of MRI-simulation workload which requires workable

solutions for MRI-only treatment planning and efficient adaptive

workflows which in turn requires solutions for quantitative MRI. An

MRI facility produces unique challenges for site planning, safety and

staff training. Finally, as a profession, the role and opportunities for

the clinical medical physicist in the field of MRI-simulation, need to

be appreciated.

O137 ‘‘Dose to Medium’’ a step in the wrong direction

with regard to clinical radiotherapy

N. Bennie

North Coast Cancer Institute, Lismore, NSW, Australia.

(Nick.Bennie@ncahs.health.nsw.gov.au [Presenting author])

Introduction This paper presents the case that Absorbed dose to

water [1], which is the energy absorbed by a small volume of water, is

a better indicator of the biological effect of ionising radiation than

‘‘Dose to Medium’’, a term used by several commercial, computer

based TPS, that represents an estimate of the energy absorbed by a

voxel, a defined unit of a patient which has a real size and in which

the material properties are represented by a bulk average of all the

individual parts that constitute a clinical tissue.

In modern clinical radiotherapy it is now recognised that damage to

DNA is the principle mechanism of cell death [2], however it has

always been recognised that it is only the effect of radiation on tissues

that are actually alive that is important.

Previous generation TPS did not account for Mass Stopping Power,

generally assuming all material had the same properties as water but

did account for photon attenuation by allowing for Relative Electron

Density, generally derived from CT data. Assuming a phantom with

RED=1.0, then MSP accounts for the mass of a voxel and the energy

absorbed by that voxel being different from water equivalent. That is,

the Dose to parts composed of different materials is different.
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For a small ‘‘water like’’ cell within a voxel of ‘‘non-water like’’

material, Absorbed Dose to water is representative of the effect of the

radiation on that living cell.

Method and materials Representative data was calculated using the

Elekta Monaco and the Elekta XiO planning systems and compared

against measurements in ‘‘non-water like’’ phantoms. Measurements

were made with both ion chambers and film.

Conclusion ‘‘Dose to Medium’’ is always a worse approximation to

Absorbed dose to water than dose as calculated by previous genera-

tion TPS. That is, ‘‘Dose to Medium’’ is a step in the wrong direction

with regard to predicting clinical effect in Radiotherapy.
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O138 On the use of Eclipse’s beam angle optimizer

(BAO) for conformal planning: a feasibility study

Y. Yousif, J. Zifodya, W. Hsieh, S. McKinnon, A. Judge

North West Cancer Centre, Tamworth, Australia.

(yousif.yousif@hnehealth.nsw.gov.au),

(jackson.zifodya@hnehealth.nsw.gov.au [Presenting author]),

(wen-Long.hsieh@hnehealth.nsw.gov.au), (sally.mckinnon@hnehealth.

nsw.gov.au), (Ali.Douglas@hnehealth.nsw.gov.au)

Introduction Current planning of 3DCRT is heavily dependent on the

planner’s experience, preferences and treatment facility expectations.

Historical beam arrangements are often utilized. The objectives of

this study were to employ Eclipse’s Beam Angle Optimizer (BAO) to

see if using the BAO for 3DCRT planning would: (1) produce better

plans as compared to conventional methods, (2) reduce the planning

time, and (3) partially reduce the dependence of plan quality on

planner experience.

Method Eleven 3D conformal lung plans, with tumour volumes

ranging from 32-3008 cc, were retrospectively studied. For each

clinical plan (non-BAO plan), a separate plan (BAO plan) was pro-

duced using alternative beam angle arrangements generated using the

BAO. The BAO plans were then optimized by an experienced plan-

ner. Plan quality was assessed using ICRU-83 and RTOG

recommended dose reporting metrics for dose volume prescribing and

reporting.

Results The difference in the DVHs for both the BAO and non-BAO

plans showed no clinical significance. The PTV maximum doses for

both plans were comparable and within the ICRU guidelines1. The

reported maximum doses to the spinal cord as well as the doses to

33% and 67% volume of the heart were within the RTOG recom-

mended limits. The mean lung V20 values for BAO and Non-BAO

plans were 20% and 16% respectively. The average MUs for the BAO

plans were about 11% lower than the non-BAO plans. The scored

values of the conformity and homogeneity indices were within the

acceptable range for both cases. On average, it took 23 min to plan

using the BAO compared to 68 min for the non-BAO plans.

Conclusion The Eclipse BAO method shows the potential of reducing

the time required to produce an acceptable conformal plan. The BAO

tool can be utilized to produce good quality conformal plans and

reduce planning time. It would be very helpful if the BAO could

incorporate inserting MLCs as well as optimal collimator angles as

these had to be inserted manually.
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multiple brain metastases with single isocentre multiple
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(shan.yau@health.nsw.gov.au). 2Nepean Cancer Care Centre, Nepean

Hospital, Australia.

Introduction Multiple brain metastases (mets) can be treated with

stereotactic radiosurgery using automatic treatment planning software

(TPS) such as Brainlab Elements which plans multiple dynamic

conformal arcs with a single isocentre [1, 2]. This study covers the

recent clinical implementation of the new technique including the

aspects unique to the commissioning and the methods developed to

verify doses.

Method The data and parameters for pencil beam modelling were

verified by repeated measurements according to protocols from

Brainlab [3]. To check the dose calculation, a dose was planned and

measured for three mets centred over diodes in a ScandiDos 3D Delta

[4] diode array phantom with multiple couch angles. The plan was

mapped to a cylinder phantom with a CC04 chamber insert, the dose

at the centre of each met was re-calculated and the plan was measured

with the cylinder phantom. Additionally, a plan more representative

of expected patient treatments was included as part of an end-to-end

test by planning three mets on an anthropomorphic phantom with

multiple couch angles. The plan was then delivered using ExacTrac

positioning and measured by slices of radiochromic film within the

phantom. The planned dose at centre of each met for the anthropo-

morphic (Rando) phantom plan was also verified by CC04 chamber

measurements of mapped plan on the cylinder phantom. Additionally,

the cylinder phantom was used for dose verification for five patients.

Differences between the measured and TPS values were calculated.

Results The tables below summarise the results for commissioning

and dose verification.

Conclusion The Delta [4], cylinder and film were useful for com-

missioning the technique. A perturbation factor due to the CC04

chamber within the cylinder phantom was determined and applied for

dose verification. Patient specific quality assurance includes com-

paring doses from Elements with re-calculations in the Varian Eclipse

TPS using the anisotropic analytical algorithm [4].
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using a single MRI sequence

T. Young1,2, J. Dowling3,4,5,6, D. Thwaites2, S. Kumar7, R. Rai1,8,
S. Vinod8, G. Liney7,10, A. Stemmer12, S. Josan12, L.
Holloway1,10,11,13

1Liverpool and Macarthur Cancer Therapy Centres and Ingham

Institute, Sydney, Australia. (Tony.Young@health.nsw.gov.au

[Presenting author]), (Robba.Rai@health.nsw.gov.au),

(lois.holloway@health.nsw.gov.au). 2Institute of Medical

Physics, School of Physics, University of Sydney, Sydney,

Australia. (david.thwaites@sydney.edu.au). 3CSIRO Health

and Biosecurity, The Australian e-Health & Research Centre,

Australia. (Jason.Dowling@csiro.au). 4South Western Sydney

Clinical School, University of New South Wales, Australia.
5Institute of Medical Physics, University of Sydney, Australia.
6School of Mathematical and Physical Sciences, University

of Newcastle, Australia. 7Liverpool and Macarthur Cancer

Therapy Centres and Ingham Institute, Sydney, Australia.

(Shivani.Kumar@health.nsw.gov.au),

(Gary.Liney@health.nsw.gov.au). 8University of New South

Wales, Sydney, New South Wales, Australia.

(Shalini.Vinod@health.nsw.gov.au). 9Liverpool and Macarthur

Cancer Therapy Centres, Sydney, Australia. 10University of New

South Wales, Sydney, New South Wales, Australia. 11Centre

for Medical Radiation Physics, University of Wollongong,

Wollongong, New South Wales, Australia. 12Siemens

Healthcare, Erlangen, Germany. (alto.stemmer@siemens-

healthineers.com), (sonal.josan@siemens-healthineers.com).
13Institute of Medical Physics, School of Physics, University

of Sydney, Australia.

Introduction The need for an MRI-only workflow which provides

electron density information for hybrid Magnetic Resonance Imag-

ing guided Linear Accelerators (MRIg-linacs) in radiotherapy has

increased. Investigations into segmented bulk density corrections to

tissue, bone and lung have reported results for point dose calcula-

tions in lung within 2% [1]. However, a more recent study

investigating the effect on dose volume parameters concluded that

this approach may not be appropriate for lung MRI only planning

[2]. Other correction methods including atlas and voxel based

methods have been used in sites such as brain and prostate for MRI

only treatment planning with success [3]. In this study the accuracy

of an atlas based auto segmentation method to generate substitute

CT (sCT) for lung patients from a single MRI sequence was

investigated.

Method Simulation CT and MRI scans were completed on 11 lung

cancer patients. 3D ultrashort-echo-time (UTE) images were acquired

on a Siemens MAGNETOM Skyra 3T MRI under free breathing

using a prototype spoiled gradient echo sequence utilizing a variable

TE stack of spirals trajectory (SpiralVIBE) [5, 6]. The SpiralVIBE

MRI scans were converted to sCT using an existing methodology

validated for the male pelvis [4]. All generated sCT were compared

against the original CT dataset for Hounsfeld Unit (HU) differences,

and 10 sCT datasets were evaluated for dosimetric differences against

the clinical treatment plan.

Results The mean error for the 11 generated sCT datasets was

17.2HU (SD 71.3HU), and the mean absolute error was 162HU (SD

66.7HU). For dose calculations, 9/10 datasets met a 3% point dose

tolerance.
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Conclusion Lung MRI datasets were converted to sCTs for treatment

planning with reasonable agreement with the original CT datasets,

and treatment plans.
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Introduction Modern radiotherapy plan evaluation requires Dose

Volume Metrics (DVMs) of number of target volumes (TVs), organs

at risk (OARs) to be quantified for its compliance with the planning

guidelines. The purpose of this study is to present the development

and validation of an in-house tool that generates a formatted report of

DVMs for plan evaluation, reporting and documentation in a multi-

vendor Treatment Planning System (TPS) environment.

Method An in-house software system, PlanEval, was developed to

analyse the dose volume histograms (DVHs) exported from Pinnacle

and Tomotherapy TPSs in ASCII file format. The system allows the

configuration of site specific treatment protocols. Within each pro-

tocol, the TVs and OARs structure names and the required DVMs for

each structure can also be configured. In clinical sites where multi-

level target dose and different dose combinations being used, the

system allows the user to enter the dose values. From this, the system

automatically identifies the TVs for the entered dose and computes

the relevant DVMs. Additionally, the system automatically populates

the computed DVM data in a structured format and reports its com-

pliance with department planning guidelines. The performance of

PlanEval was verified by analysing the DVH data of head and neck,

lung, prostate and cervix modulated treatment plans from Pinnacle

and Tomotherapy TPSs. The accuracy of PlanEval reported DVMs

were verified against the same metrics calculated in the TPS.

Results The PlanEval system successfully analysed the DVH data

exported from both Pinnacle and Tomotherapy TPSs. PlanEval has

generated the formatted report for above mentioned clinical protocols

with multilevel dose prescription. A maximum difference of 0.6 and

1% was observed between PlanEval reported and TPS calculated

absolute and relative DVMs respectively.

Conclusion PlanEval has shown to successfully generate the for-

matted DVM reports which can improve the efficiency of plan

evaluation and dose reporting.

O142 Daily dose accumulation for individual patients

to assess the validity of reduced PTV margin plans

in head and neck radiation oncology

N. Lowther1, K. Peick1, S. Marsh2, R. Louwe1

1Wellington Blood and Cancer Centre, Wellington, New Zealand.

(nick.lowther@ccdhb.org.nz [Presenting author]),

(karsten.peick@ccdhb.org.nz), (rob.louwe@ccdhb.org.nz).
2University of Canterbury, Department of Physics and Astronomy,

Christchurch, New Zealand. (steven.marsh@canterbury.ac.nz)

Introduction Reduced treatment toxicity while maintaining equiva-

lent local-regional control rates have been reported after reducing

planning target volume (PTV) margins from 5 to 3 mm for Head and

Neck radiation oncology [1, 2]. This retrospective study investigates

the feasibility of a 3 mm PTV margin plan in combination with a 5

mm backup plan to account for clinically relevant anatomical chan-

ges. Specifically, the robustness of treatment plans using a 3 or 5 mm

PTV margin for anatomical changes will be investigated as well as

strategies for timely intervention.

Method Volumetrically modulated arc therapy (VMAT) plans for 12

patients using 3 or 5 mm PTV margins were created. Deformable

image registration (DIR) of the planning CT-to-cone beam CTs was

performed to reconstruct the daily delivered dose to target and organ-
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at-risk (OAR) structures. The cumulative DVH was calculated for

clinical target volumes (CTVs), PTVs and OARs as input data to

develop different strategies for treatment adaptation.

Results Preliminary results for the 3 patients (7 CTVs and 7 PTVs

total) demonstrating the largest anatomical changes during treatment

showed an average salivary gland sparing of 2.6 Gy (Dmean) for 3 mm

PTV margin plans. Overall, the increase in reconstructed OAR

delivered dose from the start to end of treatment was small. The

maximum OAR increase was 2.2 and 2.8 Gy for 3 mm and 5 mm

plans for the parotid glands, respectively. For a 3 mm PTV margin,

the cumulative D98 was less than 95% for 1 CTV (Figure 1) and 6

PTVs. For a 5 mm expansion, this was observed for 6 PTVs but not

for the CTVs.

Conclusion PTV margin reduction resulted in increased OAR spar-

ing. Timely detection of inadequate target coverage due to anatomical

changes is feasible and enables timely intervention by using a 5 mm

PTV margin plan for the remaining treatment fractions.
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Introduction Activities of medical physics in Bangladesh were

started in the nineties mainly through several international seminars.

As a result, a two-year M.Sc (2000) and a four-year B.Sc course

(2005) have been started at Gono Bishwabidyalay (GB), Dhaka.Ac-

cording to WHO, 640 radiation oncology medical physicists

(ROMPs) and 320 radiotherapy centers are required for about 160

million people of Bangladesh. However, there are only 20 centers

equipped with 13 Co-60, 18 linacs, 10 CT-Simulators, 10

Brachytherapy and the total number of ROMPs is 40.

Methods From the beginning, the establishment of medical physics

course in GB starts under a collaboration between Heidelberg

University, Germany and GB. During 2003–2006 and 2014–2017, a

total of 70 manpower has been trained in different aspects such as

MSc degree, PhD experimental part, academic and clinical training

for medical physicists under the financial support of German Aca-

demic Exchange Programme (DAAD). This collaboration is extended

further for 2018–2021 for fostering the educational and professional

development in Bangladesh as well as South Asia. However, a

majority of students completes their B.Sc and M.Sc with a six-month

clinical attachment under a collaboration between the university and

the local radiotherapy centers.

Results ROMPs having MSc in Medical Physics are working in

almost all radiotherapy centers in Bangladesh. Bangladesh Medical

Physics Society (BMPS) has already been taken initiatives creating

more medical physicist positions in the public hospitals. Establish-

ment of a national certification board and a clinical residency

programme with the support of International Medical Physics Certi-

fication Board (IMPCB) is on the process. Recently, IMPCB exam

held in Dhaka on 13–14 March 2018.

Conclusion The ROMP situation in all aspects is improving

remarkably. In future,national and international cooperation will

augment the development process and a certain number of qualified

medical physicists will be developed to establish the accreditation

programme nationally.
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Introduction The purpose of the study was to investigate the

dependence of tissue inhomogeneity correction factors (ICFs) for a

range of photon beam quality.

Methods Heterogeneous lung (0.26 g/cm3), adipose tissue (0.92

g/cm3) and bone (1.85 g/cm3) phantoms were constructed in Eclipse

treatment planning system. The calculations were performed with

Anisotropic Analytical Algorithm (AAA) for a range of beam quality

for 6MV (TPR20,10 = 0.670 ± k*0.01) and 15MV (TPR20,10 =

0.670 ± k*0.01), k = - 3, - 2, - 1, 0, 1, 2, 3. This range of energy

spectrum was obtained based on the data collected for the 42 accel-

erators installed in Poland. The ICFs were calculated for several beam

sizes and for points lying at several depths inside and below of dif-

ferent thicknesses of heterogeneous tissues.

Results Experiments showed that ICFs increase for lung and fat with

increasing the beam quality, while decrease for bone tissue. Calcu-

lations with AAA predicted that the 6% variations in energy lead to

changes of ICFs 5.7% (6MV) and 8.7% (15MV) for points inside lung

tissue. For points just below the water-lung interface, ICFs differed
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the maximum of 9.2% and 13.8% for 6MV and 15MV respectively. In

case of fat, less than 1% differences were obtained for both 6 MV and

15 MV, when calculated inside and below fat tissues. For bone, 1% (6

MV) and 1.5% (15 MV) variations were observed for points inside,

while 2% (6 MV) and 2.4% (15 MV) differences were found for points

lying just below the bone slab. These differences of ICFs decreased

with increased radiation fields and the calculation depths below

heterogeneous slabs where charged particle equilibrium (CPE) exists.

Conclusion Variations of beam quality lead to considerable changes

in ICFs for points inside and below the inhomogeneity. Much smaller

differences were obtained for larger fields and for points lying below

inhomogeneous tissues where CPE exists.

P01 A dosimetric study on the dose to normal lung

for lung cancer patients undergoing intensity

modulated radiation therapy (IMRT) and volumetric

modulated radiation therapy (VMAT)
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Introduction Radiotherapy has been shown to be effective in

improving the longevity of most lung cancer patients. Dose to normal

lung poses a limit on the dose delivered to lung tumor volume and the

dose to healthy lung volume is also impacted by the type of radio-

therapy treatment techniques. In this study, we compared V5, V20,

V30 volumes received by normal lung for patients undergoing

intensity modulated radiatio therapy (IMRT) and volumetric modu-

lated radiation therapy (VMAT) to large centralised tumor volumes.

Methods Ten patient undergoing lung cancer radiotherapy were

selected for this study. IMRT Plans were generated for all patients with

six to seven coplanar beam angles and two arcs VMAT plans were

generated with collimator angles at 30� and 330� for arc 1 and arc 2.

Two normal lung volumes that excludes the clinical target volume and

the gross target volume were computed volumes receiving V5, V20 and

V30. In addition to this we also computed the dose to heart, lung,

Oesophagus and the various dosimetric indices for PTV. The mean

GTV, CTV and PTV volumes included in this study were 204.29 cc,

430.1 cc and 648.96 cc respectively. We also computed the normal

tissue complication probability for both treatment techniques.

Results The mean dose to normal lung receiving 5 Gy (Bilateral lung–

GTV) was 56.72 ± 11.68% for IMRT as compared to 64.62 ± 17.32%

for VMAT. The mean dose to bilateral lung–GTV was 14.43 ± 3.39

Gy for IMRT as opposed to 16.28 ± 3.96 Gy for VMAT plans. The

results of our study shows that dose to normal lung with VMAT was

higher than the dose with IMRT for large centralised lung volume.

Conclusion Our study shows that IMRT results in relatively less dose

to normal lung as compared to VMAT for centralised tumors. How-

ever, VMAT exhibited improved dosimetry as compared to IMRT.

P02 A Monte Carlo study of the effects

of monochromatic synchrotron-generated x-rays

on mammalian cell lines

C. Allen, L. J Day, J. C. Crosbie

School of Science, RMIT University, Australia.

(cjlallen93@gmail.com [Presenting author]),

(liam.day@rmit.edu.au), (jeffrey.crosbie@rmit.edu.au)

Introduction Cell irradiation studies are an important technique for

determining the fundamental mechanisms behind the cellular

response to radiation [1–3]. These studies are an important method for

understanding novel radiotherapy techniques to eventually predict and

improve patient outcomes. However, as radiation effects are generally

dose dependent, it is of little value to observe a given radiation

response with limited knowledge of the dose used to obtain it.

Therefore, we aim to use Monte Carlo methods to simulate the dose

deposition in mammalian cells, as a result of an x-ray microbeam

probe and an x-ray broad beam.

Method Monte Carlo simulations were performed using the Geant4

toolkit [4]. The 12 keV x-ray microbeam source is based on the

X-ray Fluorescence Microbeam (XFM) beamline at the Australian

Synchrotron [5]. Cellular irradiation geometries used range from a

simple x-ray microbeam incident on a single cell, to an x-ray

broad beam incident on a monolayer cell culture, based on cel-

lular irradiations currently being performed at the Australian

Synchrotron.

Results Preliminary results show a difference of approximately 6%

between the dose deposited in a single cell model consisting of soft

tissue, and a cell model consisting of water. An initial calculation for

the absorbed dose to a cell comprised of soft tissue, was 276 nGy/

photon ± 1%. A plot of energy deposited per photon, based on our

preliminary results, is given in Figure 1.

Conclusion Estimating the dose deposition on the scale of

micrometres is exceedingly difficult. Monte Carlo methods provide a

more accurate method of estimating the dose to cells in cellular

irradiation studies.
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P03 Study of radiation dose from computed

tomography technique in Aljouf Region (Saudi Arabia)
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Introduction The goal of this work is to survey radiation absorbed

doses from CT examinations of patients in Aljouf region in northern

Saudi Arabia and to compare the results with the reference dose

values.

Method The required data was collected using a questionnaire form

in ten hospitals for a sample of 750 patients. Information about the

patient, scanner, procedure, and technique for routine CT examina-

tions has been collected. For each examination, the absorbed dose has

been observed on a CT dose phantom measuring 16 cm (head) and 32

cm (body) in diameter. The normalized computed tomography dose

index was calculated by using the collected data. Volume computed

tomography index (CTDIVOL) and computed tomography dose-

length product (DLP) value was calculated using the observed nor-

malized CT index and questionnaire information. The effective dose

was determined using the measurements and suitable normalized

coefficients.

Results The sample size ensured a good representation of CT practice

patterns in Aljouf. The results are as follows: the mean CTDIVOL

and DLP values were comparable or below the reference doses:

58mGy and 753mGycm, respectively at head CT; 10.9mGy and

259mGycm, respectively at pelvis CT; 11.1mGy and 428mGycm,

respectively at abdominal CT; and 10.9mGy and 319mGycm,

respectively at chest CT. The corresponding effective doses were 1.5,

3.9, 6.4 and 4.6 mSv, respectively.

Conclusion The study is offering a first national dose survey in Aljouf

region and establishes basis for quality control.
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Introduction 3D detector arrays are commonly used for pre-treat-

ment verification of IMRT/VMAT patient treatment plans. The

commissioning of these devices is involved, which could lead to

variation in performance of the 3D dose verification system. The

purpose of this project was two inter-compare the implementation of

two independent SunNuclear ArcCheck devices used for the verifi-

cation of VMAT plans at two institutions.

Method A range of VMAT patient treatment plans, both passing and

failing local tolerance criteria were selected at both sites for com-

parison. The verification DICOM plan files were exported from

Eclipse TPS at Centre 1 and re- imported and recalculated at Centre 2

using their Eclipse and beam model. Plan verification was performed

at Centre 2 Truebeam linear accelerator with Centre 2 ArcCheck

device. This was repeated in reverse with Centre 2 plans verified at

Centre 1. Measured vs. TPS doses were analysed using both centres’

tolerances being either Gamma calculations at 3%/3 mm (Tol1) or

DTA at 3%/2 mm(Tol2) with a 10% threshold.

Results Centre 1 plans when measured at centre 2 had a significantly

higher percent agreement in measured points compared to measure-

ment at centre 1 with both Tol1 and Tol2 (P\0.001). However, there

was no significant difference between Centre 2 plans measured at the

two centres with the range of differences between the paired mea-

surements much greater than with Centre 1 plans.

These initial results suggest either beam modelling was closer to

delivered beam or ArcCheck performance was superior at Centre 1.

The lower percent agreement and increased range of differences

between measurements at Centre 1 and 2 indicate that Centre 1’s

plans were more difficult to verify.

Conclusion Initial results point to differences in verification perfor-

mance between the centres. These will be investigated further by also

swapping the ArcCheck and widening the audit to include more

centres.
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Introduction Purpose: To develop and validate a real-time position

monitoring system that enables abdominal tumour tracking in a

general purpose linear accelerator.

Methods A software tool, SeedTracker, was developed in-house to

enable online position verification of abdominal tumours by moni-

toring the position of implanted low contracst markers. The developed

system estimates the 3D position of the tumour using monoscopic

x-ray images acquired using the Elekta XVI system by following two

main steps.

1. Calculate the amplitude binned 3D positions of markers and plan

isocentre using Cone Beam Computed Tomographic (CBCT)

projection images acquired for patient positioning.

2. Estimate the 3D position of isocentre based on the marker

positions in the projection image acquired during treatment and

learned 3D position information.

The performance of SeedTracker was evaluated using retrospective

analysis of two sets of CBCT projection images, acquired in the same

treatment session, of five liver and pancreas SBRT patients. The first

set of projection images were used for learning the 3D position. The

3D position of markers and isocentre during the acquisition of second

set of monoscopic images was estimated using the binned data and

markers position in the images.. The accuracy of estimated 3D

positions were compared with the XVI reconstructed 4D-CBCT data

of the second image set.

Results The SeedTracker system successfully segmented the low

contrast markers in the projection images acquired at gantry angles

ranging from 0� to 360� and showed a True Positive Rate of 94%. The

3D position of markers and plan isocentre estimated by SeedTracker

agreed with the XVI reconstructed data with a mean (r) difference of

0.3 (1.6) mm.

Conclusion The developed software has been shown to estimate the

3D position of the markers and planned isocentre using the mono-

scopic x-ray images. This system has the potential application of

monitoring tumor position during abdominal hypofractionated

radiotherapy.

P06 Implementation of VMAT for craniospinal

irradiation (CSI): overcoming treatment couch design

V. Beenstock1, J. P. Ronaldson1, C. Pyle2, B Hindson2

1ROMP, Medical Physics and Bioengineering, Christchurch Hospital,

New Zealand. (victoria.beenstock@cdhb.health.nz [Presenting

author]), (paul.ronaldson@cdhb.health.nz). 2CRCBS, Christchurch

Hospital, New Zealand. (cassey.pyle@cdhb.health.nz),

(benjamin.hindson@cdhb.health.nz)

Introduction In 2017 we implemented VMAT for craniospinal irra-

diation previously treated with 3D conformal radiation therapy to

improve dose homogeneity, conformity and reduce treatment times.

Set-up was changed from prone to supine to improve GA access and

patient stability. Treatment through the end of the couch was

required to treat the whole volume with only longitudinal couch

shifts. We developed a model of the iBeam evo couch-top in the

treatment planning system to ensure accurate dose calculation and

delivery.

Method Patient immobilisation was developed by the radiation

therapists establishing a fixed position for the end of the couch

against the immobilisation. The magnitude of the couch attenuation

was assessed using the ArcCHEK diode array to create a model in

Monaco and validated using GafChromic Film with solid water.

Parts of this model and immobilisation were used for treatment set

up verification.

Results The end of the couch is not uniform in shape or density

resulting in attenuation between 5–40%. Six structures requiring

relative electron densities between 0.05–1.35 were made.

The fluence measurements with ArcCHECK

and GafChromic film agreed with Monaco with a 100%

pass rate for a 2%/2 mm absolute dose gamma analysis

Monaco IMRT optimises delivery to account for the couch to main-

tain a homogenous dose distribution. The position of the couch is

fixed relative to the S-frame immobilisation device so the high density

edges and S-frame locking pins were required to ensure couch posi-

tion reproducibility in patient set-up.

Conclusion We have shown that a couch model in Monaco can be

created using physical and dose attenuation properties. The impact of

couch design and position during treatment is significant for both

planning and treatment delivery and must be considered with this

technique. Not accounting for this will impact delivered doses by up

to 40 % in places.
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Introduction Reference dosimetry is a requirement for any clinical

machine. Ion chamber response changes in magnetic fields, which

must be corrected for on MRI-Linacs [1]. Magnetic field correction

factors (kB) have previously been derived from Monte-Carlo simu-

lations [2] or chemical dosimeters [3]. This work presents a

methodology for experimentally deriving kB for an in-line MR-linac.

Method The Australian MR-Linac utilises a unique rail system,

allowing movement of chambers into different magnetic field

strengths whilst maintaining a constant source to chamber distance [4]

and consistent scattering conditions. kB can be calculated from the

ratio of absorbed dose to water at the magnetic field strength relative

to absorbed dose at 0 T [5]. Dose deposition to water at depth and

beam quality has previously been shown to be independent of the

magnetic field [6], therefore kB can be calculated from the ratio of the

output at 0 T relative to the output in the magnetic field. Output for a

Farmer chamber was measured at various magnetic field strengths

along the MR bore. Output at 0 T was linearly extrapolated and used

to calculate kB. Constancy of the linac’s output was measured via two
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methods; a second chamber between the source and MLC and a

diamond detector behind the chamber being investigated.

Results Figure 1 shows kB at various magnetic field strengths, with

the farmer chamber as reference. kB at 1 T was 0.987 ± 0.002. A kB

of 0.993 ± 0.002 at 1 T was measured using the diamond detector as

a reference. The presented methodology was able to determine kB

similar to Monte-Carlo simulations [2].

Figure 1: Magnetic field correction factors at various magnetic field strengths. Error 
bars represent measurement range at the maximum and minimum source to isocentre 
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Conclusion Ion chamber magnetic field correction factors (kB) were

derived using a variable magnetic field, demonstrating an approach

for determining these factors without Monte-Carlo simulations or

chemical dosimeters.
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Introduction This technical note outlines the method used at the

North Coast Cancer Institute to process radiochromic film for Patient

QA dosimetry, in transverse and sagittal planes. It will form part of a

study guide for TEAP registrars, as documentation of an actual

clinical implementation. It is an implementation of [1] published 2016

and it should be noted that due to the evolving usage of film, certain

aspects are now optimised for use with SABR/SBRT type treatments,

which are now the main clinical group at NCCI that makes use of film

dosimetry. These treatments generally have a target dose in the range

5–20 Gy per fraction. The process is validated to 50 Gy to allow for

the transfer of the clinical plan to QA phantom.

Method and materials The film product used was Ashland Gaf-

chromic EBT3�, standard film 254 9 203 mm. The scanner was an

Epson V800. The phantom was an IBA ImRT. Software products

included EpsonScan, ImageJ and SNC Patient.

The sheet of film to be exposed, was marked to allow consistent

orientation. It was then scanned prior to exposure and the file saved,

to be used as a reference. The sheet was then inserted into the IBA

ImRT phantom and exposed to the Patient radiation treatment. After 1

h, the exposed film was scanned and the file saved.

The initial processing of the data files was done using ImageJ. The

Green channel data was separated for both the pre and post exposures

and processed using the following formula:

The resultant data was exported and converted to a format suit-

able for SNC Patient. SNC Patient was then used to compare this data

with the dose plane from the treatment planning system.

Conclusion The method was demonstrated to be both effective and

efficient.
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P09 Comparison between Silver Halide

and Radiochromic film for dosimetry
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Introduction This paper compares aspects of silver halide film used

for dosimetry with radiochromic film. It will form part of a study

guide for TEAP registrars, as a summary reference. The intention is to

aid in the understanding of radiochromic film by comparison with the

well-established process of SH film. However, some clarification of

the SH process for dosimetry is also required as it is often confounded

with the use of SH film for diagnostic use. For example, the emphasis

on optical properties, which was a requirement for diagnostic where

radiographs were assessed by eye, however for modern dosimetry

where the data is stored in digital format it is no longer relevant what

method is used to determine the amount of medium converted, only

the characteristics relevant to accuracy.

Both products can be considered chemical dosimeters, where radia-

tion initiates a chemical reaction, the resulting product having

different optical properties, such that the change can be measured

using an optical device, such as a densitometer or a scanner. However,

the two chemicals and the types of reactions are completely different.

Further, their optical absorption properties are significantly different,

such that they have to be taken into account in characterizing the

sensiometric curve, which relates the optical absorption to absorbed

dose.

A key difference is in the dose range at which the film saturates.

Saturation is when effectively all the active medium has been con-

verted. That is, the film cannot get any darker. The SH films that are

still available were designed to saturate at a little more than the

common RT fraction of 2 Gy, usually approx. 5 Gy. However,\ 1%

of the active medium of EBT3� film is converted at 5 Gy.

Conclusion Both methods are valid for use as film dosimeters,

however a clear understanding of their characteristics is required to

optimise use in a clinical radiotherapy department.

P10 Using a standard office MFU scanner for film

dosimetry
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Introduction: This technical note outlines a method to use a standard

office Multi-Function Unit (MFU) scanner for film dosimetry. It

has been validated for Patient QA dosimetry, in transverse and

sagittal planes. It will form part of a study guide for TEAP

registrars, as a method that can be used without need for a

specialist scanner. It is noted that most general purpose scanners

have 8-bit amplitude resolution, which is considered a major

limitation with regard to dosimetry. This paper explains how the

signal processing concepts of Dithering and Anti-aliasing can be

used to convert high spatial resolution to amplitude resolution.

Method and materials The film product used was Ashland Gaf-

chromic EBT3� and EBT XD�, standard film 254 9 203 mm. The

scanner was a Canon C5240 MFU. The phantom was an IBA ImRT.

Software products included ImageJ and SNC Patient.

The method of preparing film and exposing was as per [1], apart from

process used to convert spatial to amplitude resolution.

The scans of the film were done at the maximum spatial

resolution available on the scanner, which was 600 dpi for the

Canon 5240. ImageJ was then used to extract the Green channel

for both the pre and post image. The data type was then set to

32-bit, which is Single floating point, to preserve numeric reso-

lution. The spatial resolution was reduced to 1 point per mm

using the average of the approx. 558 values from the 600dpi

square pixel. This effectively increased the amplitude resolution

by 2 orders of magnitude.

The process as per [1] was again followed and the data exported

and converted to a format suitable for SNC Patient and comparison to

the planned data.
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Conclusion: The resultant data was demonstrated to have an ampli-

tude resolution that was suitable for comparison and analysis of

exposures of approx. 7 Gy for EBT3 and 20 Gy for EBT XD.
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Introduction Intrafraction imaging (IFI) is an emerging technology

in the field of radiation therapy. It involves concurrent kV CBCT

imaging and MV treatment delivery and allows tracking of anatom-

ical motion during treatment [1].

IFI provides information on tumour and organ at risk (OAR) motion

during treatment and allows the healthcare team to adjust the patient

position as required. However, IFI has a disadvantage over traditional

CBCT in that IFI image quality can degrade due to MV scatter from

the treatment beam. This project explored the effect of MV field size

and patient size on kV CBCT image quality.

Method Square 6 MV photon fields with side lengths ranging from 1

cm to 25 cm were delivered over full arcs to a number of phantoms;

simultaneously an IFI CBCT was acquired. The phantoms irradiated

included a chest, pelvis, CatPhan and a small and large Plastic Water

phantom. The CBCT images were analysed and the effect of MV field

size and phantom size on image quality was found. The homogeneity

and standard deviation of voxel greyscale values were used to

quantify the quality of the images.

Results Image quality was found to decrease as MV field size

increased (see figure 1). It was found that by decreasing the MV beam

repetition rate, the image quality increased as kV data was acquired at

more points. Small and large phantom were affected differently by an

increase in MV field size.

Conclusion The quality of IFI was reduced as increasingly large MV

field sizes were used. Images of were also better quality when smaller

phantoms were used. This information is useful for the radiation

therapy healthcare team and can aid the decision making of when IFI

should be used, and guide the optimization of IFI kV settings for

larger patients and large treatment field sizes.
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Introduction 3T clinical MR scanners have become popular pri-

marily due to their improved signal to noise ratio. However the

increased field strength can also produce dielectric artefact when the

RF wavelength is comparable to the size of the object being imaged1.

A volunteer imaging study currently being undertaken at our insti-

tution2 may be influenced by dielectric artefact at certain patient

positions. A study was undertaken to investigate variation in the

dielectric artefact for different positions of the imaging volume and

assess the impact of various B1 shim techniques.

Method Two 20 L containers, one filled with oil and the other with

water, were imaged on a 3T clinical MR scanner. The containers were

imaged lying down, to simulate a prone/supine volunteer, and upright

to simulate a volunteer on their side (figure 1). Three B1 shim settings

available on the MR scanner were applied and compared—A site

specific shim (TrueForm), a volume-specific shim, which optimised

on a selected ROI within the phantom, and a patient-specific shim

which required a 30 s B1 map prior to acquiring the image.

Oil and water were deliberately used to evaluate any subtle angle

differences and then observe control of the various methods

respectively.
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Results No artefact was observed in the oil phantom in either hori-

zontal or vertical positions, nor was any change observed by

modifying the B1 shim settings. Significant dielectric artefact was

present within the water filled phantom (figure 2). The artefact did

vary when the B1 shim was adjusted, however the artefact was not

significantly reduced.

Conclusion Changing the B1 shim settings gave no significant

improvement to water or oil phantom images in either phantom ori-

entation. The default B1 shim (Trueform) is appropriate for all angles

for the volunteer imaging study, though a volume specific shim may

be applied in some instances.
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Introduction Proton therapy is a highly conformable radiation

treatment modality which provides superior dose distributions in

comparison to photons. To maximise the potential of proton therapy,

patient specific data in the form of three-dimensional anatomical

geometry and tissue stopping power ratios (SPR) must be known

immediately prior to treatment and to high accuracy. We propose the

use of dual-energy cone beam computed tomography (DECBCT),

utilizing Eu-155 as a source of photons with two discrete energies to

reduce proton range uncertainty [1]. An investigation into the required

source characteristics was performed in the current work.

Method Geant4 Monte Carlo simulations were performed to deter-

mine the effect of source self-attenuation on different source

geometries for Eu-155 based DECBCT. The Geant4 Eu-155

radioactive decay spectrum was modified to agree with photon

intensity values in the literature [2]. Specifically, the effect of source

self-attenuation on photon yield and energy spectrum was assessed.

This was achieved by performing simulations with a spherical source

of 4 mm diameter, and cylinders of 1 mm, 2 mm and 6 mm diameter,

but with equivalent volume as the 4 mm sphere. The volume corre-

sponds to an activity of 85 Ci at 100% Eu-155 purity. Simulations

were run with and without Eu-155 material occupying the volume of

the source. This was possible because Geant4 separates the physical

geometry from the generation of primary particles.

Results Source self-attenuation was successfully quantified. It was

found that the 4 mm spherical source reduced the emission of 86.5

keV photons from 0.3 to 0.05 photons per decay and from 0.2 to 0.05

photons per decay at 105.3 keV. The spherical source was found to

provide a good compromise between photon yield and source size as

seen by the detector.

Conclusion A spherical source of approximately 4 mm diameter

appears to be the appropriate source geometry for radioactive Eu-155

as a source for DECBCT.
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Introduction AAPM TG 142 specifies the tolerance for the imaging

and treatment coordinate coincidence to be B 1 mm, for both planar

(e.g. ExacTrac) and CBCT imaging. Due to the large inter-physicist

variation found in a manual CBCT match of a BB phantom against a

reference data set, a new phantom was designed to enable automatic

registration.

The phantom has two end frames which are connected by 5 rods, the

central rod containing a Ball Bearing (BB). The frames have CT

marker dots to allow automated matching in the IGRT systems.

Method The phantom was CT scanned and the isocentre located at

the central BB in the TPS. This dataset was imported into the IGRT

systems (BrainLab ExacTrac and Elekta XVI), and auto-registration

options were investigated for accuracy and reproducibility.

Results The use of the ExacTrac system in conjunction with the

HexaPOD couch can align the phantom at the isocentre within 0.5

mm. The use of the consistent setup point, with a set clipbox location

has proven that the auto-registration of the CBCT using the CT

marker dots provides far more reproducible results than a manual

match.

Conclusion A new phantom and methodology has been developed to

include a user independent test of the XVI kV isocentre against the

treatment isocentre, capable of achieving a tolerance of \ 1 mm as

required.
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Introduction Accurate localisation of the MV isocentre with a Ball

Bearing (BB) is required for the spatial calibration of Image Guidance

Systems (e.g. ExacTrac, CBCT Systems). There are several inde-

pendent software programs available to determine the distance

between a BB and the radiation field isocentre, along with those

provided by the linear accelerator manufacturers.

Discrepancies in detected shifts have been noted between manufac-

turer software and in-house developed software programs. To

determine the source of the discrepancies, and provide confidence in

the software analysis program used, an artificial QA image has been

developed.

Method An artificial ideal image has been created in Matlab, with the

location of the BB and field centre controlled to coincide with each

other and the image centre. The image is symmetrical, and only

contains a centrally located BB generated using a Gaussian distri-

bution, within a uniform field; the field edges defined using a scaled

section of a sinusoidal curve. This removes any uncertainty caused by

non-uniformity of the EPID panel response, and also any impact of a

stem that most BB phantoms incorporate. This image was run through

various third party software and the offset calculated, with the

expectation that the result would be perfectly 0.0 mm.

Results The artificial image was successfully imported into the

available third-party software, and they all correctly identified the BB

as coincident with the field centre with 0 shift required. However,

when imported 8 times into the Elekta XVI software v4.5 as required

for shift determination, an offset in the direction of the gantry rotation

axis was observed, as noted in the literature. The discrepancy seen in

the literature was proven to be due to the steepest gradient method

used for field edge detection in the Elekta software algorithm.

Conclusion The use of artificial QA images with known geometry

provides a quick simple check of the functional accuracy of isocentre

localisation software, independent of phantom design and image

acquisition effects.
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with an MLC-120 and DMI: do we need a beam profile
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Introduction The EPID is a diversely used tool in radiotherapy.

Configuration of Portal Dosimetry (Varian) includes the Portal Dose

Image Prediction algorithm and Dosimetry Calibration. Pre-treatment

verification for IMRT plans is improved on an aS1000 EPID when a

beam profile algorithm is applied during the Dosimetry

Calibration1,2,3,4.

In-house configuration of Portal Dosimetry is required for a True-

Beam with an MLC-120 and Digital Megavoltage Imager; the aim of

this work is to evaluate the need for a correction algorithm with this

combination of equipment.

Method The PDIP model was created for a 6MV beam and

Dosimetry Calibration performed with a measured dmax diagonal

profile4.

A dynamic 40 9 40cm2 open field was delivered (MLCs moving

behind jaws), a simple 1D correction algorithm calculated from the

ratios of predicted and measured dose at various distances from

central axis1 and applied to the beam profile.

Dynamic open fields and five large field IMRT plans were deliv-

ered after performing the Dosimetry Calibration with the uncorrected

and corrected beam profiles. Fields were analysed using absolute

gamma evaluation.

Results Gamma pass rates were similar for small open fields

(\ 20cm2) using the uncorrected and corrected beam profiles. For

larger open fields, the pass rates were improved with the corrected

beam profile (Figure 1); for a 30cm2 field size the (2%, 2 mm) gamma

pass rate increased from 80.5 to 97.5%.

While some clinical plans showed improvement in gamma pass rates

with the corrected beam profile, results were not consistent for all

patients and fields.

Conclusion Initial results demonstrate that an uncorrected measured

diagonal profile can be used for Portal Dosimetry configuration for

our TrueBeam with DMI. Improvements in pass rates for IMRT

verification plans using a corrected beam profile are not significant for

analysis of fields using gamma criteria of 3%, 3mm.
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Introduction Low dose rate prostate brachytherapy has been used at

the St George Cancer care Centre for the treatment of prostate cancer

routinely since 2003. To optimise the delivery of the treatment

technique for improving of both the workflow and patient experience,

a real-time procedure has been implemented based on a technique

utilised by Langley and Laing [1]. This procedure uses a nomogram,

from over 1800 previously performed procedures, to pre-calculate the

required seed loading pattern based on a volume study (MRI or

ultrasound images) obtained 3 weeks prior to the treatment. As

intraoperative seed loading is no longer a necessity, the in-theatre

time is greatly reduced, providing a streamlined procedure.

Method Variations to the procedure outlined by Langley and Laing

were performed to suit the implantation environment at the St George

Cancer Care centre. This included the adoption of the IsoLoader

(Theragenics inc) for loose seed deployment and the Variseed V8.02

treatment planning system (Varian). The adapted protocol was com-

missioned in the clinical environment through a total of 22 tests, from

individual equipment verification to an end to end test via the

implantation of a CIRS prostate phantom.

Results 4D brachytherapy provided a reduction in real-time LDR

brachytherapy implantation time by up to 50%. Post implant dose

metrics also showed 4D brachytherapy to provide equivalent coverage

to traditional LDR brachytherapy procedures.

Conclusion The implementation of 4D brachytherapy was success-

fully achieved at St George Cancer Care Centre, with patients to be

treated with this procedure from January 2019. It is estimated that the

provided optimisation in workflow will allow 50% more patients to be

treated within the same allotment of theatre time.
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Introduction Intensity modulated radiosurgery (IMRS) for single and

multiple intracranial metastases normally involves multiple small

fields per lesion to deliver the treatment. IMRS uses highly conformal

doses to target each lesion, sparing surrounding tissue. Quality

assurance (QA) of these treatments may result in a large workload for

the physicist due to the number of fields to be verified and there are

few suitable QA solutions to assess each dose distribution. A potential

QA method is to verify the fluence distribution of each field using the

high resolution electronic portal imaging device (EPID) and compare

it to a predicted response using Varian Portal Dosimetry.

Method The Crown Princess Mary Cancer Centre, Westmead, use a

Varian TrueBeam STx linac for stereotactic treatments. It features the

amorphous silicon aS1200 electronic portal imaging device (EPID)

which was used to commission the portal dosimetry image prediction

model (v13.7.16) for the 6MV beam. Five retrospective patient plans

created in BrainLab iPlan RT 4.5 were transferred to a test patient in

Varian Eclipse TPS and the portal dose image was predicted based on

the iPlan calculated fluence and monitor units, and subsequently

measured. Analysis of each field was performed using the gamma

pass rate for multiple dose and distance criteria.

Results For the 5 measured plans, 26 small fields were measured with

the EPID and compared to the predicted dose. From the range of

gamma criteria, it was found that using a 2%/1 mm with global

normalisation was suitable, with a pass rate for all measured fields of

98.9 ± 2.0% (1 S.D).

Conclusion Portal dosimetry for the verification of IMRS fields has

been found to reduce workload and verification time and can provide

a good indication of plan deliverability. The use of this system

alongside point-dose measurements will improve confidence in future

treatments and potentially reduce risk to the patient.
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Introduction Cone Beam Computed Tomography (CBCT), as used in

linac On Board Imaging systems in radiotherapy, suffers lower image

quality than fan-beam diagnostic CT, predominantly due to increased

scatter. Patient positioning could be compromised by the reduced

tissue contrast and spatial resolution, and this image quality deterio-

ration is exacerbated for obese patients. We propose to optimise the

imaging parameters, kVp and mAs, for patients of different body size,

by using a unique phantom that can be enlarged to represent over-

weight and obese patients.

Method A female anthropomorphic phantom (CIRS, Norfolk, USA)

was enlarged with custom-made layers made from solid water

to represent normal, overweight, and obese patients. CBCT images

were taken with various kVp and mAs settings. Images were analysed

for contrast resolution by recording CT numbers in 5 regions of

interest (ROI) in 3 different tissues: lung, muscle and bone. Spatial

resolution was assessed utilising line-pair structures near the centre

and the periphery of each of the phantom configurations.

Results CT number differentiation was greatest with the lowest kVp

and mAs on the largest phantom, and had the smallest variation with

the highest kVp and mAs with the smallest phantom. The ROI in the

obese patient without lung in the path length showed a decrease in

average CT number when compared to the same ROI in the over-

weight patient. This is likely due to a transition from scattering to

beam hardening at a longer path lengths.

The spatial resolution results showed that with increase phantom size

and lower imaging parameters, the comparative spatial resolution was

lower than with a smaller phantom and higher imaging parameters.

Conclusions With the increased kVp and mAs, the contrast and

spatial resolution improved which is a step toward improving OBI

protocols for obese patients. However with the increase in image

quality there is an increased dose to the patient, which is undesirable.
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Introduction A novel and inventive dynamic anthropomorphic

breathing phantom, ChestPhan4D has been designed and built in

Australia to assist the clinical implementations of advanced radio-

therapy techniques since 2015. It is available for clinical research and

training purposes, has wide applications due to its unique capabilities

of expandable chest and deformable and movable organs included.

This paper describes the phantom’s readily available and potential

clinical applications in 4D treatment and imaging of tumours in the

thorax.

Method The published studies on tumour movements due to respi-

ratory and cardiac motions were reviewed. The direct applications on

thorax tumour tracking and targeting using current technologies were

analysed from both temporal and spatial aspects. Possible applications

in deformable imaging registration (DIR) and proton therapy QA

process are also primarily investigated. The potential application of

this phantom as ‘‘dosimetry discrepancy identifier’’ is explored with

4DCT data sets.

Results It has demonstrated that the phantom has the required fea-

tures of organ motion and deformity of chest, lung, heart and skin

during a breathing cycle. It has direct applications in SBRT, DIBH,

DIR planning verification processes. With some modifications, it can

be applied in proton therapy QA and to be used for verification of DIR

software programs.

Conclusion A list of clinical applications with this dedicated, dis-

eases-focused phantom has been preliminarily explored and its

clinical application value has been confirmed.
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Introduction The treatment of medulloblastoma involves surgery,

radiotherapy and adjuvant chemotherapy. In radiotherapy, cran-

iospinal irradiation (CSI) is prescribed, where two lateral cranial

fields and one or two spinal beams are applied in CSI [1–6]. Different

multi-field techniques (coplanar and/or non-coplanar) are used to

register the prescribed dose. The purpose of this study was to assess

plan quality in terms of dose coverage of spine with both photon and

electron beam therapy and sparing of organ at risks.

Method Ten paediatric patients (age 6–10 years) were immobilized in

the prone position for simulation. The CTV, PTV and OARs were

contoured. Prowess Panther (v4.71) was used for dose computations.

Two lateral parallel-opposed 6 MV photon cranial fields with the

spinal beam(s) (either 6 MV photons or 21 MeV electrons) were used

in planning. Electron beams were added posteriorly on the spine with

parallel-opposed cranial fields. The electron and photon dose distri-

bution in one of the treatment plan is given in Figure 1. The treatment

plans were computed for 3600 cGy in 21 fractions.

Results For comparable conformity number of electron versus pho-

tons beam plans (0.68 ± 0.41 versus 0.66 ± 0.47, not significantly

different at p\ 0.05) and homogeneity index (1.22 ± 0.03 versus

1.25 ± 0.04, significantly different at p \ 0.05), the photon doses

were higher for underlying OARs (heart, liver and thyroid) and were

lower for partially in-field organs (lungs and kidneys) compared to

electrons as shown in Figure 2.

Conclusion The underlying organs i.e. thyroid, heart and liver receive

lesser dose in case of electrons while partially in-field organs are

exposed more compared to photons mainly due to ballooning effect in

electrons. The study shows that both electrons and photons can be

used for CSI, however electron may be preferred due to better sparing

of underlying structures.
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Introduction The aim of this study is to present the spectrum of

initial radiation-induced cellular DNA damage [with particular focus

on complex-double-strand break (DSB) damage] generated by com-

puter simulations.

Method The radiation types modeled in this study were monoener-

getic electrons (10–300 keV), protons (1–100 MeV), and carbon-ions

(5–300 MeV/u). Monte Carlo track structure methods were used to

simulate damage induction by these radiation types in a cell-mimetic

condition from a single-track action. The simulations took into

account the action of direct energy deposition events and the reaction

of hydroxyl radicals on atomistic linear B-DNA segments of a few

helical turns including the water of hydration.

Results Our results permitted the following conclusions: The absolute

levels of different types of damage [SSBs and simple- or complex-

DSBs] vary depending on the radiation type; Within each damage

class, the relative proportions of simple and complex damage vary

with radiation type, the latter being higher with high-LET radiations;

The simple-DSB/SSB ratio is about 3–6%, and the complex-DSB/

SSB ratio is about 1–2% for both low-LET radiations. The simple-

DSB/SSB ratio is about 3–14%, and the complex-DSB/SSB ratio is

about 1–6% for both low-LET radiation; which is about 3 times

higher than that for high-LET radiations.

Conclusion The hypothesis that clustered DNA damage is more

difficult for cells to repair has gained currency among radiobiologists.

However, as yet, there is no direct in vivo experimental method to

validate the dependence of kinetics of DNA repair on DNA damage

complexity. The data on the detailed spectrum of DNA damage

presented here, in particular the complex-DSB type, provide a good

basis for testing mechanistic models of DNA repair kinetics.
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Genesis Care, Newcastle, NSW, Australia.

(Kristie.harrison@cancer.com.au [Presenting author]),
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Introduction Stereotactic radiosurgery consists of delivering a high

dose on a small target with minimal margins to spare the surrounding

healthy tissue. Consequently, this treatment requires rigorous preci-

sion in all aspects of planning, QA and delivery. Following a careful

commissioning process, Genesis Care Newcastle has offered cranial

stereotactic radiosurgery for 1 year and presents the review of the

program.

Method During the QA processes undertaken for each patient, data

was collected to ensure acceptable trending of results and appropriate

tolerances had been established. This data has been collectively

analysed to better understand the patient cohort and to look for

opportunities for improvements or investigation.

Results A total of 14 patients have received treatment from 18

treatment plans. Ten patients were irradiated for a single lesion, and

four patients with dual lesions. The patients received VMAT, DCAT

or both modalities depending on PTV volume and proximity of

organs at risk. QA results using film were within tolerances and the

average gamma score (criteria 5% and 1.5mm) was 99.5% and an

overall lowest result of 97.3%.

Conclusion Trending review of the SRS protocol in context with the

results from QA, indicate good protocol adherence and accept-

able tolerances to control the quality of SRS plans.
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Introduction Treatment planning systems require CT-to-RED (Rel-

ative-Electron-Density) data for radiotherapy treatment planning. CT

imaging can be done with different slice thickness, field of view

(FOV), reconstruction filters, reconstruction algorithms, option to

correct metal artifacts (O-MAR), etc. In this study, effects of these

variables on CT images were investigated.

Method A CT-to-ED phantom (CIRS-phantom, model-062M) with

deferent material inserts was scanned using 120kVp and 140kVp of a

Philips CT 16-bit scanner and images were reconstructed for FBP

(filtered-back-projections), iDose, O-MAR (Orthopedic-Metal-Arti-

fact-Reduction-Algorithm). The iDose reconstructions were

performed for different reconstruction filters such as Standard-B,

Smooth-B, Y-Sharp, and Y-detail. The iDose with standard-B filter as

per the clinical practice was used to verify CT numbers for different

slice thickness (1mm, 2mm, 3mm and 6mm). All of the above scans

were performed without high density inserts. Additional scans with

iDose and O-MAR were performed by placing the high density inserts

(titanium-core and SS-alloy-20) into the middle hole to obtain their

CT numbers.

Results CT numbers of different inserts for 120kVp and 140kVp from

CIRS phantom in iDose reconstructions is shown in figure1. For lower

density materials the HU between the 120 and 140 kVp were very

similar but those numbers increased for 120 kVp with increasing

density.

The CT numbers with different slice thicknesses, reconstruction filters

and algorithms were very similar to the results shown in figure1. The

impacts of artifacts on the HU of other inserts were negligible. For

extended field of view the CT numbers changes significantly. CT

numbers of the high density materials changes with the size of region-

of-interest (ROI).

Conclusion Differences in CT numbers for various slice thickness,

reconstruction filters and algorithms are insignificant. Any appropri-

ate reconstruction filters in conjunction with reconstructions

algorithm can be used to calibrate the CT. Appropriate ROI should be

used to get the CT number of high density inserts.
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Introduction Philips CT scanner provides the option of O-MAR

reconstruction, an algorithm to reduce artifacts in CT images. The aim

of this study is to evaluate the effects of build-up thickness on

O-MAR CT and hence, the prosthesis volumes, HU, artifacts and

dosimetry.

Method Metal hips prosthesis were placed in a plastic container filled

with wax. Build-up thicknesses; 1 cm, 2 cm and 5 cm were placed on

top of the prosthesis container. CT scans were performed using 140

kVp for each of the thicknesses and images were reconstructed using

normal-iDose and O-MAR methods. All images were exported to

Eclipse planning system. Patient body, artifacts and prosthesis were

contoured. For both CT reconstructions and the different build-up

thicknesses, volume of the contours, HU, artifacts and dosimetry were

evaluated. To evaluate dosimetry, treatment plans were generated on

each CT data using 69, 109 and 189 open beams. The dose files

were evaluated using 3D gamma analysis software to compare nor-

mal-iDose and O-MAR methods.

Results The volume and the artifacts of the prosthesis were larger by

around 13% and 11%, respectively, in normal-iDose than the O-MAR

reconstruction. The HU of the patient contour excluding prosthesis for

different buildup thickness were very similar in both iDose and

O-MAR reconstruction but standard deviation of the HU improved by

about 17%, 18% and 25% for 1cm, 2cm and 5cm, respectively in

O-MAR. In dosimetry, the passing percentage of the 3D gamma (with

2%, 2mm and 10% threshold) between normal and O-MAR recon-

structions were more than 92% (figure1).
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Conclusion The O-MAR reconstruction can improve the image

quality and HU value accuracy of the CT data with the prosthesis.

Although the image quality is improved in O-MAR the dosimetry

between iDose and O-MAR are clinically acceptable and a little

improvement can be seen with higher buildup thickness.
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Introduction The use of stereotactic radiosurgery to treat brain

metastases requires consideration of the radiation doses delivered to

the surrounding healthy brain [1]. For linac-based treatments the

expected relationship between brain dose and total target volume can

be complicated by geometric limitations resulting from the treatment

of multiple metastases [2]. This study aimed to clarify the effects of

target volume on brain dose from linac-based stereotactic radio-

surgery treatments, by examining treatments planned for single

oligometastasis cases only.

Method In-house treatment and dose assessor (TADA) code [2] was

used to evaluate 60 single-fraction stereotactic radiosurgery treatment

plans, 14 of which were identified as involving isolated brain

metastases and selected for further analysis. The TADA code was

modified so that the planning target volumes (PTV) was excised from

the brain volume, without the additional dose falloff margin used in

previous work [3]. The PTV dose, the healthy brain dose and the PTV

volume were identified and compared. TADA was also used to cal-

culate fractionation-insensitive generalised equivalent uniform doses

(gEUDs) [4, 5], to consolidate brain dose volume histogram (DVH)

data.

Results The PTV coverage dose reflected the treatment prescription

dose, significantly trending downward with increasing metastasis

volume, conforming with the established local practise of optimising

the prescription for maximal treatment effectiveness with minimal

healthy brain dose [3]. Healthy brain dose was substantially lower

for the cases with very small metastases (PTVs less than 4 cc in

volume) but was nonetheless controlled in the treatments of larger

targets.

Conclusion By investigating the simple situation where the number

of metastases stays constant while the volume of metastases varies,

this retrospective analysis of stereotactic radiosurgery treatments

showed that the dose to the healthy brain may increase as expected,

but can also be controlled by carefully limiting the prescription dose

in cases where such limits are clinically acceptable.
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Introduction Despite the wide range of contemporary commercial

radiotherapy phantoms, changing clinical and research needs can

result in demands for bespoke inserts for particular purposes. This

study exemplifies the use of consumer-grade 3D printing to produce

in-house inserts for a complex commercial phantom.

Method Inserts were designed to be substituted for an ionisation

chamber insert in a CIRS dynamic thorax phantom, model 008A. Two

workable phantom inserts were created. One insert was created in four

pieces, so that a tissue-equivalent sphere with 2 cm diameter could be

fitted into a void in a lung-equivalent insert, with a central division to

allow film to be placed inside the phantom. The other insert was an

abdominal-tissue-equivalent cylinder, containing a spherical void

with 2 cm diameter.
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Results After a process of trial-and-error (see Figure 1), a wood-PLA

mixture was used to print the lung-equivalent phantom inserts, with a

density of 0.4 g/cm3 and a wall thickness of 0.3 mm, to minimise the

effect of high-density phantom edges on any subsequent film mea-

surements. The tissue-equivalent sphere that was used to model the

lung tumour was printed using 90% PLA with a density of approxi-

mately 1 g/cm3 and the tissue-equivalent cylinder that was used to

model abdominal tissue with an air pocket was printed using 80%

PLA with a density of approximately 0.9 c/cm3. All densities were

verified using CT imaging.

Conclusion The two phantom inserts were found to be suitable for

their intended purposes and the process of creating them provided

useful institutional experience in 3D print design techniques. In-house

creation of bespoke inserts can be an educational and economical

means to produce phantoms for specific clinical or research purposes.
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Introduction The purpose of this study was to create and perform a

level III audit of two cranial stereotactic radiosurgery systems. The

systems evaluated were the Brainlab iPlan RTDose treatment plan-

ning system (TPS), used with a Brainlab m3 microMLC, and the

Brainlab Elements Multiple Brain Mets SRS TPS, used with a Varian

Trubeam STx (Novalis) linac with HD-MLC.

Method For each TPS, a treatment plan for 6 brain metastases was

created using the CIRS 605 head phantom. Both plans used a nominal

6 MV photon beam, with reference to beam data measured using

established small field dosimetry techniques [1]. The iPlan/m3

treatment plan used 22 non-coplanar static conformal arcs delivered

using a multiple-isocentre technique. The Elements/HD-MLC treat-

ment plan used 9 non-coplanar dynamic conformal arcs delivered

using a single isocentre technique. Both treatment plans were copied

onto a homogenous phantom, to evaluate the audited centre’s pro-

posed quality assurance (QA) process. EBT3 radiochromic film was

used to verify dose delivery in both phantoms.

Results The geometric measurements obtained from the CT interface

and the two TPSs were consistent with the physical measurement of

the head phantom within ± 0.5 mm and all HU values from the CT

and the two TPSs agreed within uncertainties. The relative electron

densities produced by the two TPSs also agreed with vendor reported

values within uncertainties. Agreement between the planned and

measured PTV doses in the head phantom was within 3% for both

TPSs, though the Elements TPS system showed some larger dose

differences in MLC-shielded brain regions. The QA measurements

showed better agreement (less sensitivity) than the head phantom

measurements for the iPlan/m3 plans and poorer agreement (more

sensitivity) than the head phantom measurements for the Elements

plans.

Conclusion This comprehensive end-to-end testing produced results

indicating that both TPSs produced dose calculations that were in

acceptable agreement with measurements, although ongoing patient

specific quality assurance, including testing with humanoid phantoms

and evaluation of out-of-field dose, remains advisable.
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Introduction Three-dimensional cone-beam computed tomography

(3D CBCT) imaging is often used for localisation and verification

imaging, before radiotherapy treatments are delivered. When an

anatomical region containing steep density gradients (eg. tissue-air

interfaces) undergoes respiratory motion, the resulting artefacts can

increase the difficulty of accurately identifying the treatment target

and nearby organs at risk. This study investigated a method of

potentially reducing motion artefacts, using slow gantry rotations

during 3D CBCT image acquisition.

Method 3D CBCT images of a motion phantom containing a simu-

lated tissue-air interface were acquired using an on-board imaging

system on a Varian Truebeam linear accelerator. Gantry speeds dur-

ing image acquisition were reduced from the default 6�/s, to 3�/s and

1�/s. Imaging dose was limited by setting the tube current for all scans

to equal the default value, 1080 mAs. Variation of the frame acqui-

sition rate was also investigated, to keep the imaging beam-on time as

low as possible.

Results The standard deviation from the mean Hounsfield units (HU

sd) in a low-density stationary region of the motion phantom are

presented in table 1, to provide a quantitative indication of the extent

to which each image was affected by motion artefacts (the more

similar the HU sd are to the ‘‘no motion’’ values, the less motion

artefacts were present). Clearly, the slowest scans resulted in the least

motion artefact. There were no significant changes in the noise level

between scans obtained with the same tube current and the different

total number of frames.
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Table 1: HU sd in moving phantom imaged with constant mAs..

Phantom 
motion

Gantry 
speed 
(o/second)

Frames 
for 
“Pelvis” 
protocol

HU sd for 
“Pelvis” 
protocol

Frames for 
“Spotlight” 
protocol

HU sd for 
“Spotlight” 
protocol

No motion 6 900 8 500 11
Regular 
breathing 6 900 58 500 44

Regular 
breathing 3 1800 49 1000 43

Regular 
breathing 1 5400 17 3000 17

Conclusion The results of this study indicate that slow 3D CBCT

imaging is a promising solution to the problem of motion artefacts in

reconstructed images of moving tissue, especially in the abdominal

region where tissue-air interfaces are often present, due to intestinal

gas pockets. This method may be particularly useful during stereo-

tactic body radiotherapy treatments, where treatment delivery

precision is usually a higher priority than imaging speed.

P30 Characterisation of multi-leaf collimators designed
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Hospital, Brisbane, Australia. 4Queensland University of Technology,
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Introduction This study aimed to provide a comparison of the

physical and dosimetric properties of two specialised multi-leaf colli-

mators (MLCs), the Vairan HD-MLC and the Brainlab m3 lMLC. The

HD-MLC is an internal linear accelerator component that consists of 60

pairs of leaves: the 32 inner leaf pairs, 26 outer leaf pairs, and 2 outer-

most pairs of leaves that respectively project 2.5, 5.0 and 7.0 mm at the

isocentre [1]. The m3 MLC is an external device that attaches to the

accessory mount of the linear accelerator [2] that contains 26 pairs of

leaves with varying thicknesses: 14 inner leaf pairs, 6 intermediate leaf

pairs and 6 outer leaf pairs that respectively project to 3.0, 4.5 and 5.5

mm at the isocentre [3]. Both of these MLCs are used routinely for small

field radiation therapy where high accuracy and precision are required.

Method The penumbra of square fields, slit fields and small fields,

abutting leaf leakage, inter and intra-leaf leakage and the tongue and

groove effect of the two MLCs were compared and analysed. The

fields were exposed on EBT3 film and analysed using the red colour

channel with ImageJ using an established film dosimetry method [4].

All pieces of film were analysed separately, and the same tests and

number of fields were exposed using both MLCs.

Results A sample of the results obtained in this study are shown in

table 1. After performing analyses on numerous fields, the m3 lMLC

was found to have slightly narrower penumbrae, less abutting leaf

leakage and a much smaller tongue-and-groove effect than the HD-

MLC. The HD-MLC was found to produce less inter-leaf leakage and

transmission than the m3 lMLC. Both systems showed leaf posi-

tioning reproducibility that was accurate to within 0.1 mm.

19.1%, outer leaves
Average penumbra width 3.7 mm 2.1 mm
Abutting leaf leakage 33.5% 12.4%
Inter-leaf leakage 1.3% 2.0%
Intra-leaf transmission 1.1% 1.7%

Table1: Comparison of dosimetric features of the two MLC systems.
Parameter HD-MLC m3 µMLC
Tongue and groove effect 26.1%, inner leaves 3.5%, all leaves

Conclusion Although the two MLC systems were physically and

dosimetrically different from each other, they may both be considered

suitable for use in high-precision treatments such as stereotactic

radiosurgery and extra-cranial stereotactic ablative body radiotherapy,

provided that their dosimetric features are accurately modelled in the

chosen treatment planning system.
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Introduction End-to-end testing is an important quality assurance

tool, allowing all steps in the radiotherapy treatment chain, from

simulation to treatment delivery, to be assessed and verified. This

study exemplifies the process of retrospectively analysing local

treatment planning data, to obtain a quality assurance plan that

directly evaluates current local practise.

Method The treatment modality chosen for investigation was

stereotactic radiosurgery for brain metastases, due to the difficulty of

designing a suitable end-to-end test based on individual recall of the

range and complexity of treatment geometries involved. In-house

treatment and dose assessor (TADA) code [1] was used to evaluate

multiple-isocentre treatment plans from 60 patient treatments, to

identify common features.

Results
Plan data analysis showed that 68% of cases involved more than

one metastasis, 15% of cases had more than 6 metastases and the

median number of metastases was 3. There was a general increase

in the number of monitor units (MU) per beam as the field size

decreased (see figure), due to both the increasing number of MU

needed to deliver a given prescription dose and the increasing

prescription doses that are clinically achievable for small volumes

[2]. 64% of cases used either 5 or 6 beams to treat each metastasis,

though this number decreased for cases with 6 or more metastases.

65% of plans included static conformal arcs. Few arcs had an initial

gantry angle near zero (see figure). Collimator and couch positions

were limited by linac geometry but were otherwise dominated by

cardinal angles.
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Conclusion For the specific stereotactic radiosurgery treatment

planning process used for this work, a suitable end-to-end test plan

should include at least 3 metastases, 5 or 6 beams per metastases

(mostly arcs), a large proportion of small and very small fields and a

range of gantry, collimator and couch angles. This method of eval-

uating local treatment planning data to produce quality assurance

guidance may be adapted for other radiotherapy techniques.
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Introduction Multi-directional diffusion-weighted magnetic reso-

nance imaging (MDDW-MRI) harnesses the principles of diffusion to

non-invasively probe white matter fibres of the brain. White matter

maps or ‘tractograms’ can reveal critical microstructural details

inaccessible to other imaging modalities that have proven instru-

mental in the diagnosis, intervention and management of neurological

conditions such as acute ischemic stroke. However, many tractogra-

phy models, such as the diffusion tensor model, are fraught with

limitations. One method with reported superior performance is Con-

strained Spherical Deconvolution (CSD). In this study, qualitative and

quantitative means were devised to evaluate whether CSD imple-

mented in the program MRtrix can reliably delineate white matter

tracts and is thus viable for clinical use.

Method MDDW-MRI data were acquired from 13 patients exhibiting

various neurological conditions. Increments of artificial white Gaus-

sian noise (WGN) and motion were added to the raw data.

Tractograms were generated in MRtrix and tracts extracted for

analysis.

Noise was quantified by SNR and intensity-based automatic

image registration was used to measure slice-wise translation and

rotation in the MDDW-MRI scans. Changes in tract lengths and

orientations were visualised with polar plots and histograms. The

resemblance of modified tracts to their original counterparts was

quantified by Chi-squared tests and distance measures. False

positive and negative rates were approximated by a nearest point

search method.

Results The results indicate that tracts reconstructed by MRtrix retain

some anatomic accuracy irrespective of noise level, despite termi-

nating prematurely beyond 20dBW added WGN. An increased rate of

false positives and false negatives is observed for added translations/

rotations of the order of a few pixels/degrees.

Conclusion The software’s robustness to noise and patient movement

has been examined using a range of qualitative and quantitative

techniques. With further refinement, these metrics may provide a tool

to determine whether MRtrix will produce a reliable tractogram from

a given dMRI scan on a per-patient basis.

P33 Investigation of applicator leakage radiation

for a WOmed T-200 kilovoltage unit

B. Beeksma1, J. Lehmann1,2,3

1Department of Radiation Oncology, Calvary Mater Newcastle,

Newcastle, Australia. (Bradley.beeksma@calvarymater.org.au

[Presenting author]), (Joerg.Lehmann@calvarymater.org.au).
2Institute of Medical Physics, The University of Sydney, Sydney,

Australia. 3School of Mathematical and Physical Sciences, The

University of Newcastle, Australia

Introduction Radiation leakage measurements are often performed

during commissioning and generally not checked again for the life-

time of the machine. Australian standards [1] establish safety

requirements for the maximum permissible leakage radiation outside

the radiation field. This work aims to assess the leakage of a new

applicator for the WOmed-T-200 kilovoltage system relative to the

standards and provide recommendations based on these findings.

Method Radiochromic (RTQA2) film was wrapped around the length

of a 3cm diameter, 24cm long applicator and also affixed to its base

plate. Radiation was delivered with the highest energy available

(200kV) for 15 mins to identify hot spots. A Farmer type chamber

was then used to measure dose at various locations on the anode side

of the applicator. The dose at each location was expressed as a per-

centage relative to the dose at the end of the applicator. The energy

dependence of the leakage radiation was also assessed.

Results A hotspot was identified on the film attached to the base plate

of dimensions equivalent to that of the unit’s primary collimator

(figure 1). For a 200kV beam, the dose at the location nearest to the

applicator and base plate was 11.3% of central axis dose. In the

patient plane, the maximum dose was 1.5% at a distance of 40mm

from the applicator. This exceeds the Australian standards [1] toler-

ance of 0.5%. Transmission was reduced by 85% at 150kV and

negligible for 100kV.

Conclusion The leakage radiation was caused by the size of the

primary collimator exceeding the outer dimension of the applicator

(figure 2) while the thickness of the baseplate in that area was

insufficient to attenuate the radiation beam adequately. Appropriately

increasing this thickness will reduce the leakage radiation to within
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acceptable limits. The manufacturer agreed to retrofit a shielding disk

to the applicator.
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Introduction Introduction of a new type of treatment machine adds to

the complexity of the commissioning. The WOmed T-200 is a new

generation kV therapy machine with control software and a database

for scheduling and recording patient treatments. Mechanical advances

include internal beam filters, which automatically move into the beam

path when a beam has been selected, and motorised movement of the

x-ray tube assembly.

Method Commissioning was organised as a multidisciplinary effort.

Experience from Lucerne [1] helped in several, but not all aspects.

For dosimetry, the TG61 protocol [2] was followed using the in air

method. Backscatter calculation proved challenging as the applicator

endplate thickness (1 mm) was different than that in the protocol’s

data. Also interpolations between SSDs, beam quality and field sizes

were necessary.

Depth doses needed to be measured, as published data did not cover

the beam qualities and SSDs required and literature indicated dif-

ferences between existing published data and measurements for this

machine [1]. Combinations of measurements in water and in solid

water were employed.

Results Five beams were commissioned (Table 1), with four closed

applicators useable for all beams (Table 2). The four open applicators

have been limited to energies 100 kV and below, as the surface doses

from high energy beams proved problematic. Additional closed

applicators were ordered to meet clinical demands for higher energy

with small apertures. To better match desired depth dose profiles, the

40 cm SSD option was chosen for the additional applicators, which

will only be employed for the 150 and 200 kV beams.

Conclusion The system was commissioned fully and on schedule in 7

weeks, while allowing for brachytherapy treatments to continue in the

room 2–3 times per week. More detailed initial discussion about beam

energies and applicators would have been useful.

Table 1: Beams and beam parameters

Nominal settings Added filtration Nominal HVL
kV mA
60 20 2.6 mm Al 2.3 mm Al
80 20 4.5 mm Al 3.9 mm Al
100 20 4.5 mm Al 4.8 mm Al
150 20 0.4 mm Cu + 1 mm Al 0.68 mm Cu
200 13 1.3 mm Cu + 1 mm Al 1.8 mm Cu
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Table 2: Applicators

Size Nominal 
SSD [cm] End Equivalent diameter 

[cm]
Ø 2 cm 30 open 2
Ø 3 cm 30 open 3
Ø 4 cm 30 open 4
Ø 5 cm 30 open 5
6 x 8 cm2 30 closed 7.7
8 x 10 cm2 40 closed 9.9
10 x 15 cm2 40 closed 13.3
20 x 20 cm2 50 closed 22.2
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accelerator (LINAC): Big-data analysis using statistical
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Introduction Big-data analysis is the process of examining large

amounts of data in an effort to expose hidden patterns or unknown

correlations. This type of analysis can be applied on medical LINAC,

in which plenty of digital data are readily available. The aim of this

study is to predict the time of gun filament replacement and explore

ways to extend its lifetime by exploiting these not yet fully utilized

data.

Method During the period of January 2014 to September 2017, three

LINACs were being monitored, Elekta Synergy Platform (TM1),

Elekta Versa HD (TM3) and Elekta Infinity (TM4). Machine

parameters, including but not limited to gun filament voltage (Gun V)

and current (Gun I), vacuum level at gun side and target side and

ambient temperature, were routinely captured during morning quality

assurance. Gun filament resistances were calculated by Gun V divided

by Gun I and categorized into two groups according to the ambient

temperature at that period of time: (1) below 20 �C and (2) at or

above 20 �C.

Results The TM4 gun filament current was shown in Fig. 1 after each

gun filament replacement. The rate of change of gun filament resis-

tances of TM4 at different periods of time was represented by the

slope calculated by linear regression as shown in Fig. 2. Results show

that the rate of change of gun filament resistance of group 2 was

greater than that of group 1.

Conclusion This work preliminarily demonstrates the feasibility of

using the system data already stored in our database to predict the

downtime before actuation of interlocks. The findings will be further

verified in the coming experiments by decreasing the ambient tem-

perature and comparing the frequency of gun filament replacement

with the previous service records. More beam control parameters will

be included in the future to make the analysis more comprehensive.

Fig. 1: Gun filament current and resistance of TM4 recorded from January 2014 to 
September 2017
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P36 In-house quality assurance (QA) of dual-energy

computed tomography (DECT) and its post-processing

software

K. W. Li
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[Presenting author])

Introduction Quantitative imaging has become more common in

diagnostic radiology. Yet, there are just a few QA protocols on this

subject. DECT has many clinical applications for its strong ability in

material differentiation. In this work, an in-house QA of DECT is

developed which can be easily applied in routine practice.

Method The anthropomorphic abdomen phantom (QRM-Abdomen)

fitted with the dual-energy cylinder (QRM-DEP-002) was used in this

QA program. The phantom was scanned on Siemens Somatom Def-

inition Flash dual-source CT system at 80 kVp, 140 kVp and 80 kVp/

Sn 140 kVp using helical scan with a pitch value of 0.6. The images

were reconstructed at a slice thickness of 1 mm with an increment of

1 mm, using filtered back projection with B30f medium smooth

convolution kernel and 512 9 512 matrix. A circular region of

interest was used to measure the CT number of each iodine and

calcium insert in each of the image set: (1) 80 kVp, (2) 140 kVp and

(3) 80 kVp/Sn 140 kVp mixed image with weighting factor of 0.5.

The image sets were transferred to syngo.via and CT Dual Energy

Liver VNC application profile was used for quantifying iodine

concentration.

Results Mean CT numbers with standard deviations of the calcium

and iodine inserts in different layers of the phantom scanned at single

energy and dual energy were summarized in Table 1. The mean CT

numbers in the mixed image agreed with the linear weighting of the

two spectra. Iodine concentration measurements in syngo.via were

shown in Fig. 1. Differentiation between calcium and iodine could be

seen on the overlaying color-coded iodine map.

Conclusion The above measurements can be done during acceptance

testing for characterization of DECT performance and baseline

establishment. Deviations from baseline are recorded in subsequent

QAs to ensure the consistency and reproducibility of the DECT.

Table 1: Mean CT number (CT no.) with standard deviation (SD) of each calcium (Ca) 
and iodine (I) insert in different layers of the phantom scanned at single energy and dual 
energy

Energy 80 kVp 140 kVp 80 kVp/ Sn 140 kVp
Layer A 
Ca no.

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

Mean CT no.
(HU)

302 602 832 189 370 525 236 461 671

SD CT no.
(HU)

18 19 11 8 11 5 18 13 11

Layer A
I no.

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

Mean CT no. 
(HU)

328 626 924 177 316 456 247 448 656

SD CT no. 
(HU)

17 19 34 8 9 16 7 18 23

Layer B 
Ca (half) no.

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

Mean CT no.
(HU)

287 554 776 185 365 500 227 461 627

SD CT no.
(HU)

16 11 21 7 13 8 10 18 10

Layer B
I (half) no.

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

Mean CT no. 
(HU)

315 614 894 168 309 459 218 451 660

SD CT no.
(HU)

19 14 26 6 6 6 10 15 17

Layer B 
I (full) no.

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

Mean CT no. 54 91 164 30 52 90 33 65 123
(HU)
SD CT no.
(HU)

23 25 18 6 12 8 13 15 17

Layer C 
Ca no.

1st 2nd 1st 2nd 1st 2nd

Mean CT no.
(HU)

-131 -120 -132 -134 -144 -154

SD CT no.
(HU)

16 11 10 6 12 12

Layer C 
Ca + I no.

1st 2nd 1st 2nd 1st 2nd

Mean CT no.
(HU)

71 82 -7 -22 16 14

SD CT no.
(HU)

9 24 14 12 12 16
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available automatic PET contouring tools
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Introduction PET imaging is used routinely for screening and staging

of cancer and there is interest in using it for tumour delineation during

radiotherapy treatment planning. Many medical imaging packages

offer automatic segmentation tools for PET images. These require

validation before introduction into the clinical workflow.

Aim To evaluate and compare the tumour delineation performance of

three software packages; MIM, Varian VelocityAI and GE PET

VCAR.

Method A NEMA IEC body phantom was filled with aqueous Ga-68

such that the target to background ratio was 4:1. A single 30min PET-

CT was acquired and retrospectively divided into four frames simu-

lating 5-min acquisitions with 100MBq initial activity. A digital

phantom representing the ground truth (GT) geometry was created

using in-house software.

Reconstructed images were segmented using each package and the

results saved as RTSS. One image was segmented multiple times to

test for reproducibility. The GT RTSS was segmented using Velocity.

All RTSS were loaded into MIM and analysed to obtain mean dis-

tance to agreement (MDA), Dice similarity, and compare measured

volume and centroid positions to GT.

Results For repeat measurements VCAR yielded identical results

whilst Velocity and MIM showed comparable low-level variability

(MDA&0.25mm, Dice&0.95). Compared to GT, Velocity generally

placed first when ranked for individual spheres but performed poorly

for small spheres and placed last on overall combined averages (MDA

1.01mm, 1.24mm, 1.37mm & Dice 0.80, 0.78, 0.76 for VCAR, MIM,

Velocity). The centroid shifts from GT were 1.0mm 1.1mm & 1.3mm

(MIM, Velocity & VCAR) and the mean measured/GT volume ratio

was 1.09, 1.38 & 2.02 (MIM, VCAR & Velocity).

Conclusion The performance of all three packages was comparable.

Velocity performed marginally better for large spheres [2mL but

significantly worse for small. VCAR produced consistent results for

any given dataset; this was not the case for the other two.

P38 Correlations of treatment plan parameters

and quality metrics
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(Joby.Mathew@petermac.org), (Deloar.Hossain@petermac.org)

Introduction 106 Volumetric Modulated Arc Therapy (VMAT) and

Intensity Modulated Radiation Therapy (IMRT) plans were calculated

using Eclipse V13.6 AAA algorithm. Patient specific quality assur-

ance (QA) was performed including, phantom measurement with

ArcCheck (non-prostate only), independent calculation with

Mobius3D (M3D) and log file analysis with MobiusFX (MFX).

Correlation coefficients for basic plan parameters and quality metrics

were used to explore potential relationships.

Method M3D collapsed cone convolution (CCC) used independent

beam data to perform 3D calculation on the patient dataset. M3D

calculated global gamma (3%,3mm), local gamma for contoured

volumes, mean dose (Dmean) and other volume doses. From the plan,

number of segments, monitor units per fraction (MU), number of
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Arcs/Fields and an X-jaw opening metric (Xtravel) were extracted.

ArcCheck Gamma (2%, 2mm) was for composite fields and total

points were the number of diodes in the irradiated volume. Treatment

site was considered, eg prostate, head and neck (HnNk) or other.

Treatment delivery, either IMRT or VMAT was also used to cate-

gorize the plans.

Results Figure 1 illustrates the significant (alpha = 0.05) correlation

coefficients, relating to the PTV volume. Many relationships although

significant were weak. Figure 2 plots M3D Global and ArcCheck

composite parameters. ArcCheck gamma was correlated to PTV

volume (R = 0.33) and MU per fraction, however it was not correlated

to either M3D Global or M3D local gamma. M3D Global gamma was

correlated with M3D local gamma (R = 0.31) and to Xtravel (R =

- 0.19). When split into the treatment site and treatment delivery

many of the above relationships changed.

Conclusion Correlations between quality metrics and plan parameters

do exist, however the relationships are influenced by each other and

by patient geometry.
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Introduction Nanoparticles are being increasingly investigated for

their potential to enhance radiation dose on the nanoscale. To date,

however, these investigations have only focussed on the use of

nanoparticles to enhance external beam radiotherapy; little attention

has been paid to potential enhancements to internal radionuclide

therapy.[1]

We performed a nanoscale simulation study using Monte Carlo

radiation transport methods to investigate the potential for iron-oxide

nanoparticles to enhance the dose due to copper-67 (a b--emitting

radioisotope) when labelled to the nanoparticles’ surface.

Method Monte Carlo simulations using GATE 8.0[2] were performed

to investigate the radio-enhancement effects of iron-oxide nanopar-

ticles with 5 nm and 25 nm diameters. 1500 nanoparticles were

individually labelled with b- particles (with energies corresponding to

the b- spectrum of Cu-67) and placed in nanoscale cubic volumes of

water (ranging from 106 to 1010 nm3). Nanoparticle concentrations

corresponding to iron/water concentrations ranging from 0.02 to 35
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g/kg were simulated using 5 9 106 primary b- particles (figure 1).

Energy deposition and number of radiation hits was recorded. This

was contrasted against an identical scenario, except with the iron-

oxide content being dispersed homogeneously.

Results Enhancements to energy deposition and the number of

radiation hits was found for most concentrations studied, with the 5

nm nanoparticle producing the largest enhancement. Specifically, an

increase in total energy deposition in the water medium between the

nanoparticles was observed, as well as an increase in the number of

radiation hits (figure 2). This trend also holds when the nanoparticle

suspension is contrasted against water.

Conclusion Monte Carlo simulations demonstrated the potential for

iron-oxide nanoparticles to enhance the dose during copper-67 based

internal radionuclide therapy.
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Introduction On image-intensifier-equipped fluoroscopic systems,

additional collimation of X-ray beam with adjustable collimator

blades allowed to reduce radiation exposure to patients and staff [1,

2]. There were reports from vascular surgeons and radiographers of

the Royal Adelaide Hospital (RAH) that modern Automatic-Expo-

sure-Control (AEC)-guided fluoroscopic systems may significantly

increase dose rate when the beam is additionally collimated. There is

a concern that additional collimation of the beam may in fact lead to

the radiation exposure increase for the patient. The aims of this

phantom study were to investigate, for a digital fluoroscopic (DF)

system under AEC, the effect of additional X-ray beam collimation

on the entrance air kerma rate and dose-area product (DAP) rate.

Method Siemens Artis-Q Floor DF system was tested at several field-

of-view (FOV) settings with collimations kept close to a square shape.

Measurements were conducted with/without water phantom (20-cm-

deep, 26-cm-diameter). A 3-mm-thick copper plate was positioned at

the collimator during tests without the phantom. Air kerma rates were

measured either at the phantom entrance surface or at image receptor

(IR).

Results Air kerma rates measurement results normalised to an output

from a fully open collimator are illustrated on figures below for

exposures with and without phantom.

Conclusion Beam collimation to a size larger than a specific minimal

size allowed a significant reduction in the DAP rate, despite some

increase in entrance air kerma rate. In patient fluoroscopic procedures,

a moderate collimation of the X-ray beam should be used, if required,

for reduction of the effective dose from the procedure to the patient

and staff. Beam collimation down to a smaller size is not recom-

mended as this may result in a substantial increase in both the

entrance air kerma and DAP rates. The specific minimal size is related

to the size and location pattern of AEC dose rate sensors.
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P41 OpenDose: an extensible, open-source internal

dosimetry calculator

E. McKay1, A. Malaroda2

1Department of Nuclear Medicine, St. George Hospital, Sydney,

Australia. (erin.mckay@health.nsw.gov.au [Presenting author]).
2Centre for Medical Radiation Physics, University of Wollongong,

Australia. (malaroda@uow.edu.au)

Introduction The MIRDose [1] and OLINDA/EXM [2] software

tools have long been accepted as de-facto standards for internal

radionuclide dosimetry. Both packages facilitate calculations of

absorbed and effective dose for several anthropomorphic geometries

and a large range of decay spectra. However, neither package allows

the user to define new geometries or spectra, restricting their appli-

cability to the built-in models.

Aim To develop an open-source software implementation of the

MIRD internal dosimetry procedure which supports extension with

user-defined geometry models, decay spectra, residence time calcu-

lations and effective dose calculations.

Method The OpenDose software package was developed using the

Java 1.8 platform. It provides both a graphical user interface and a

command line interface, the latter intended both for automated soft-

ware testing and for batch processing.

The package includes algorithms for constructing dose factor arrays

from user-defined decay spectra and specific absorbed fraction data,

calculating a remainder-of-body dose factor from user-specified dose

factors, production of residence time data using ICRP bladder and gut

models, and calculation of effective dose using the methods of ICRP

publications 60 and 103. It also includes packaging tools to facilitate

construction of user-defined geometries and emission spectra, which

are stored in JSON structured text files.

The software is presently being validated against the output of the

OLINDA/EXM software, using decay spectra (H-3, P-32, I-125 and

I-131) and specific absorbed fractions (for Adult & Pregnant Female

models) obtained via the RADAR web-site [3].

Results Dose factors are reproduced to within 2% of OLINDA/EXM

results for better than 98% of evaluated source/target pairs. Signifi-

cant discrepancies are noted in the dose to bone marrow and

osteogenic cells from bone sources; these arise from a presently

incomplete representation of some source material [4,5] in data files.

Conclusion An extensible, open-source software for internal

dosimetry calculations using the MIRD method has been developed

and is presently undergoing validation.
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Introduction It is efficient to treat multiple brain metastases (mets)

using single isocentre stereotactic radiosurgery. Two possible plan-

ning methods are: volumetric modulated arc therapy (VMAT)

delivering multiple dynamic arcs, via a treatment planning system

(TPS) such as Varian Eclipse [1]; or multiple dynamic conformal arcs

via an automatic TPS such as Brainlab Elements [2]. This study

explores whether plan quality is similar between Elements and

VMAT.

Method Four patients (5–15 mets/plan) were planned in Elements

(pencil beam model, version 1.5.0), then exported and re-calculated in

Eclipse (anisotropic analytical algorithm, version 13.7.16) [1–3].

VMAT plans were created in Eclipse to meet objectives set by the

oncologists. Doses to mets were compared using D100% and maxi-

mum dose. Doses to organs at risk (OARs) were compared using

mean dose and maximum dose. V5Gy/V10Gy were used to compare
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dose wash in the brain. The modulation was assessed via monitor

units.

Results VMAT achieved similar target coverage as Elements which

demonstrated more met-to-met inconsistency in under-dosage/over-

dosage. VMAT gave some higher maximum doses to mets. Dose

wash was in most cases very similar or slightly larger (smaller) for

VMAT with a smaller (larger) number of mets. In most cases, VMAT

achieved marginally worse OAR sparing for orbits and lenses, but

marginally better sparing of optic nerves and tracks. The comparison

of OAR sparing for the brainstem was dependent on the number/

location of mets. VMAT generally achieved less modulation.

Conclusion VMAT achieved similar plan quality to Elements. The

inferior OAR sparing for the orbits/lenses from VMAT makes it a

candidate for further optimisation as it was a low priority. The issue

with applying VMAT was that it required considerable planning

experience and planning time to fine tune the optimal collimator and

couch angles. In comparison, the automatic Elements planning was

efficient with reduced workload for the planner.
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Introduction A Varian TrueBeam STx (6/10 MV) linear accelerator

was installed in an existing bunker (previously 6 MV) after renova-

tion. A post-installation radiation survey identified radiation

protection concerns. The subsequent investigations and resolutions

will be discussed with a consideration of neutron production given the

bunker entrance design.

Method A full radiation survey for 6 and 10 MV was performed

according to NCRP Report 151 [1]. Instantaneous dose rates (IDRs)

for photons and neutrons were measured with a Fluke 451P-DE

pressurised ion chamber survey meter and a Nuclear Enterprises

NM2B BF3 proportional counter respectively. IDRs were converted to

expected weekly doses for the primary workload (600 Gy/week) and

machine output rate (600 MU/min) [1]. For neutrons, leakage work-

load was calculated as it increases primary workload by a modulation

factor (C 3) [1]. Weekly doses for occupancies were compared with

local design goals (25% of legislated dose limits).

Results The figure below indicates high IDR areas. Steel was added

to primary barriers because new excessive laser recesses resulted in

high photon IDRs at points A/B. The new sub-wait (point D) was

replaced with a cupboard due to high photon/neutron IDRs around

point C. 10 MV was disabled due to high photon IDRs and expected

violations of local design goals at the edge of primary barriers (points

E/F). Local design goals were achieved for 6 MV at points E/F with

complications for 10 MV arising from the combined impact of an

isocentre shift and increased beam penetration.

Conclusion 10 MV provided elevated neutron IDRs at the bunker

entrance. Hence, full shielding calculations and surveys which

include neutrons are important if the beam spectrum contains

C 10 MV. Elevated neutron IDRs could be avoided for bunkers with

neutron shielded doors or longer inner/outer maze entrance. A com-

parison of neutron measurements and shielding calculations will be

presented.
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Introduction In radiation therapy Dose Volume Historgram metrics

are used to assess how well a radiation therapy plan meets clinical

planning objectives. It is also commonplace to use these to compare

planning techniques between departments or in benchmarking a new

treatment technique. This relies on a DVH equivalency which

requires firstly that the dosimetric accuracy in each department and

treatment planning system is equivalent and secondly that the volu-

metric precision and/or accuracy in each treatment planning system is

the same. The first requirement has been the basis of previous

research [1–10], however has been done to investigate creating a VOI

in one software and its representation or equivalent delineation in

other software. This work investigates how a number of treatment

planning systems and one contouring software create volumes and

how they are translated when imported from each other.

Method An artificial CT was created with very high resolution voxels

and a standard CT was acquired with clinically relevant slice thick-

ness. Several simple contours were created manually on both CT

datasets, using the best available tools in Oncentra, Eclipse, Pinnacle,

iPlan and Mim Maestro.

For each set of contour and CT dataset the volumes were exported and

imported into each of the other available software(s) where the

reported volumes were compared to the theoretical volume.
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Results Transferring volumes from one software to another provided

varying levels of agreement depending upon the settings of the

software. While some software recreated the volumes upon import

such that when volumes created in TPS1 were transferred to TPS2

and reimported into TPS1 again, TPS1 reported a new volume.

Conclusion For small volumes or complex geometries the differences

between the software investigated does not yield equivalent results

and could (and would) lead to deviations in DVH analysis for treat-

ment plan evaluation.
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2. Knöös T, Ceberg C, Weber L, Nilsson P (1994) The dosimetric

verification of a pencil beam based treatment planning system.

Physics in Medicine and Biology 39 (10):1609–1628

3. Irvine C, Morgan A, Crellin A, Nisbet A, Beange I (2004) The

Clinical Implications of the Collapsed Cone Planning Algo-

rithm. Clinical Oncology 16 (2):148–154

4. Hogstrom KR, Mills MD, Almond PR (1981) Electron beam

dose calculations. Physics in Medicine and Biology 26

(3):445–459

5. Hasenbalg F, Neuenschwander H, Mini R, Born EJ (2007)

Collapsed cone convolution and analytical anisotropic algo-

rithm dose calculations compared to VMC?? Monte Carlo

simulations in clinical cases. Physics in Medicine and Biology

52 (13):3679–3691

6. Edimo P, Clermont C, Kwato MG, Vynckier S (2009)

Evaluation of a commercial VMC?? Monte Carlo based

treatment planning system for electron beams using EGSnrc/

BEAMnrc simulations and measurements. Physica Medica 25

(3):111–121

7. Carrasco P, Jornet N, Duch MA, Weber L, Ginjaume M,

Eudaldo T, Jurado D, Ruiz A, Ribas M (2004) Comparison of

dose calculation algorithms in phantoms with lung equivalent

heterogeneities under conditions of lateral electronic disequi-

librium. Medical Physics 31 (10):2899–2911

8. Aspradakis MM, Morrison RH, Richmond ND, Steele A (2003)

Experimental verification of convolution/superposition photon

dose calculations for radiotherapy treatment planning. Physics

in Medicine and Biology 48 (17):2873–2893

9. Rana S (2014) Clinical dosimetric impact of Acuros XB and

analytical anisotropic algorithm (AAA) on real lung cancer

treatment plans : review, vol 2. 2014, vol 1.

10. Fotina I, Winkler P, Künzler T, Reiterer J, Simmat I, Georg D

(2009) Advanced kernel methods vs. Monte Carlo-based dose

calculation for high energy photon beams. Radiotherapy and

Oncology 93 (3):645–653

P45 Does the Dose of SIB VMAT smell sweater?:

Commissioning of a VMAT technique

Z. Moutrie, A. Hollands

Department of Radiation Oncology, The Mater Hospital,

GenesisCare, Crows Nest, NSW 2065. (zoe.moutrie@cancer.com.au

[Presenting author])

Introduction Historically the treatment of lesions located in- or

around- the Nose would have been delivered with simple electron

fields or parallel opposed photons to a single dose level. With the

implementation of inverse planned VMAT treatments it is now pos-

sible to treat targets having complex geometries and collocated organs

at risk with doses to different values.

Validation of an optimisation and dose calculation algorithms are be

made to ensure accurate deliverability of a plan for a variety of

treatment volumes, however certain anatomical regions and dosi-

metric levels can push these algorithms to their limits. For the case of

simultaneous integrated boost nose treatment our department saw a

need to confirm dosimetric accuracy and deliverability before its

clinical implementation.

Method An anthropomorphic phantom was simulated and clinically

relevant OARs were contoured with two sets of targets: A single PTV

and three boost GTVs. One set of GTvs were located\ 8 mm apart

and\1 cc each, the second were 8 mm apart and[1cc. For both sets

of targets a treatment plan was created using Eclipse (v11).

Each plan was delivered to the ArcCheck to assess the deliverability

of the optimised plan (DVO algorithm) and delivered to the anthro-

pomorphic phantom with EBT invivo dosimeters placed at key

locations on the phantom surface and within the transverse plane to

assess the dosimetric accuracy of the dose calculation (AAA

algorithm).

Results All ArcCheck measurements passed the criteria of [ 97%

point using 3%, 3mm DTA.

EBT film exhibited regions of high and low dose, but otherwise

indicated within 5% of the TPS calculated dose.

Conclusion The delivery of an SIB Nose treatment using a VMAT

technique is well handled using Eclipse TPS and Truebeam linear

accelerator. The treatment of SIB Nose VMAT was successfully

implemented clinically.
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Introduction Synchrotron X-ray beams permit the delivery of very

high radiation doses to tumors in short period of time with a single

fraction using arrays of micro-slit beam radiation therapy. In this

study, we have challenged to treat multiple metastatic lung tumors by

applying MRT to mouse tumor-bearing right lung with comparing to

the broad beam treatment from the same radiation source.

Method Synchrotron X-ray beam radiation was performed using

BL28B2 beam-line at the SPring-8 facility, Hyogo, Japan. The ani-

mals used were male DBA/2 mice aged 13–15 weeks old, inoculated

KLN205 2.5 x 10^6 cells/mouse 4 weeks before the exposure of the

beam. As for radiation techniques, anterior-posterior 12 x 30 mm
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windows were set, and either a conventional unidirectional broad

beam or unidirectional array of MRT (25 lm width, 200 lm center-

to-center spacing) was used. Delivered dose of the broad beam was 36

Gy while that of the MRT were 36–120 Gy. The observation period

was 27 days after the irradiation. Histopathological evaluation of the

irradiated lung tissues was performed with hematoxylin and eosin

staining.

Results According to microscopic observations, the areas of tumor on

the slides were reduced to one-third compared to the unirradiated

region in the slides of 120 Gy MRT while the total lung area was not

collapsed and maintained its original size

Conclusion Such high doses of MRT can diminish the tumor volumes

without breaching of lung tissue scaffoldings. There is a good pos-

sibility that MRT would control the growth of metastatic lung tumors.
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Introduction High Z nanoparticles have been well investigated in

their roles as radiosensitizers. The outcome has been showing that

they can be effective dose enhancing agent. Our recent results indi-

cated that titanium peroxide nanoparticles (TiOxNPs) induced

reactive oxygen species (ROS) when expose to X-rays and enhanced

radiation cytotoxic effects in vivo experiments [1]. In this study, the

type and amount of ROS generated from TiOxNPs was investigated

and compared to those generated by gold nanoparticles (GNPs).

Method The TiOxNPs were synthesized from titanium oxide

nanoparticles by hydrothermal methods and coated by polyacrylic

acid. The GNPs of almost same size as TiOxNPs were purchased from

BBI solutions Co. Ltd. (Cardiff, UK). Using chemical probes, the

three types of ROS generation were confirmed without cells; hydroxyl

radical (•OH), superoxide anion (O2
-), and hydrogen peroxide

(H2O2). In addition, tumour growth inhibition assay was performed to

evaluate the effects of generated ROS on the radiation enhancement

in vivo.

Results At the high concentration of TiOxNPs and GNPs, the gen-

eration rates of •OH with 10 Gy of radiation were increased by 2.2

and 3.9 fold, respectively. For TiOxNPs, O2
- signal with radiation

was decreased, and the H2O2 was increased regardless of X-ray

irradiation. No increase of O2
- and H2O2 signals for GNPs with

X-rays was observed. In the in vivo experiments, the combination of

TiOxNPs and X-rays induced significantly stronger tumour inhibition

compared to the combination of GNPs and the same level of X-rays.

Conclusion Our results show that the amount of ROS generated from

TiOxNPs under X-ray irradiation is less than that of GNPs, however

TiOxNPs have the ability to release H2O2 regardless of X-ray irra-

diation. The released H2O2 is assumed to be acted as a strong

radiosensitizing agent of TiOxNPs in the in vivo set up.
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Introduction In vivo dosimetry is an essential quality assurance tool

to assess discrepancies in the planned and delivered dose. Metal oxide

semiconductor field effect transistors (MOSFETs) have been pro-

posed as suitable dosimeters this purpose [1–3]. The aim of this work

was to ascertain the suitability of MOSFETs as a viable replacement

of TLDs for in-vivo dosimetry of high-energy photon and electron

external beam radiation therapy.

Method Characterization of five TN502RD-H MOSFETs (Best

Medical, Canada) for in-vivo dosimetry in radiotherapy was carried

out in terms of reproducibility, linearity, dependence on incident

beam angle, beam energy, temperature, source to skin distance and

field size. Doses measured simultaneously in solid water using an ion

chamber and MOSFETs for a number of field sizes and beam energies

were compared. Clinical dose measurements were performed using

both TLDs and MOSFETs simultaneously and compared with the

planning system doses to assess the suitability of MOSFETs as an

alternative to TLDs for in-vivo dosimetry.

Results Table 1 shows the doses measured in solid water phantom by

ion chamber and MOSFETs and the %age differences in the measured

doses. All MOSFET measured doses are within ± 3% of the doses

calculated by the planning system. Figure 1 shows the difference in

patient doses measured using MOSFETs and TLDs and doses cal-

culated by the planning system. Measurement no. 11 was for the

treatment of ear with a compound shield. The large difference in the
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MOSFET-TLD dose is probably due to enhanced TLD response as a

result of backscattering from compound shield.

Table1. Comparison of Doses measured in solid water phantom.
Beams Field 

Size 
(cm)

Measured Dose (cGy) %age Difference

Chambe
r

MOSFET TPS Chamber/ 
MOSFET

Chamber/ 
TPS

MOSFET
/
TPS

6X 5x5 92.5 94.4 94.3 -2.1 -1.9 0.1

20x20 106.8 108.3 109.6 -1.5 -2.5 -1.1
18X 5x5 93.4 92.0 92.7 1.5 0.8 -0.8

20x20 104.7 103.0 106.1 1.6 -1.3 -2.9
6E 5cm Dia 94.7 95.2 97.2 -0.5 -2.6 -2.1

6cm Dia 96.9 99.4 98.2 -2.6 -1.3 1.2
10E 8x4 94.2 94.5 96.1 -0.3 -2.0 -1.7

6x4 88.5 93.1 91.8 -5.2 -3.6 1.4
15E 5x5 96.1 99.6 97.6 -3.6 -1.5 2.0

4x4 92.9 96.5 96.2 -3.9 -3.4 0.3

Conclusion The TN502RD-H MOSFETs provide an adequate alter-

native to TLDs for in-vivo dose assessment for EBRT entrance dose

measurements for both megavoltage photon and electron beams.

Further testing is planned to assess their suitability for low dose

measurements, dosimetry in rotational radiotherapy techniques and

kilovoltage superficial radiotherapy.
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Introduction RayStation 7 (RaySearch Medical Laboratories AB,

Stockholm, Sweden) was recently acquired at the NCCC, Prince of

Wales Hospital, as a new external beam planning system in addition

to previously commissioned XiO and Monaco treatment planning

system by Elekta (Elekta AB, Stockholm, Sweden). At the NCCC

there are currently three clinical beam matched Elekta linear accel-

erators, with Agility heads, used routinely for conformal, IMRT,

VMAT and electron treatment delivery. The clinical dose engines in

RayStation 7 are based on the two well-known algorithms, the col-

lapsed cone convolution superposition (CCC) for photons and the

Monte Carlo for electrons. This study presents beam modelling and

dosimetric evaluation of an Elekta Agility head in RayStation 7.

Method Beam modelling and validation of the model was performed

in RayPhysics which is a separate physics module incorporated in

RayStation 7. RayPhysics uses the same dose engines as the clinical

treatment module uses for patient planning. Measured data for input

was collected with appropriate selection of detectors and Gafchromic

EBT3 film, for field sizes ranging from 1x1 up to 40x40 cm2. The

output in RayPhysics Beam Commissioning module is convolved to

account for detector size to enable a good agreement between mea-

sured and computed data. Final evaluation of the beam model was

performed within the clinical module of RayStation.

Results A good match could be achieved between the Agility model

and measured data. Different tolerances were set for different regions

of the analysed data. The largest difference could be observed in

build-up regions, out of field dose, and the tails.

Conclusion The overall performance of the beam model is satisfac-

tory and released for clinical use. Future work will include

implementation of other treatment techniques like TBI.

P50 Evaluation of photon dose calculation in Raystation
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Introduction Raystation(RaySearch Laboratories, Sweden) was

recently acquired at the NCCC, Prince of Wales Hospital. This TPS

requires a CT-to-Mass Density (MD) calibration curve for inhomo-

geneity correction. All CT numbers above the maximum value of

4000 are attributed to the MD value corresponding to this last point of

the curve. However, the user can segment an ROI and overrides the

MD with one from a predefined list of elements for values exceeding

this range. This work aims at (1) comparing the photon dose calcu-

lated in heterogenous media between XiO v5.10 (Superposition),

Monaco v5.11 (Monte Carlo) and Raystation v7 (Collapse Cone), and

(2) experimentally validating the assigned MD for the extended range.

Figure 1. Differences in the clinical doses measured by MOSFETs,

TLDs and TPS (OAR – organ at risk, COF-centre of field).
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Method Dose profiles were calculated and compared for two different

inhomogeneity materials (bone and lung equivalent) placed inside the

Scanditronix Wellhofer I’MRT phantom.. Point dose were measured

using a CC04 chamber placed in the phantom. The accuracy of the

steel and titanium MD assignment on photon dose calculation was

checked by performing transmission measurement using the Sun

Nuclear Mapcheck 2 diode array.

Results For dose profiles across inhomogeneity materials, Raystation

agreed well with XiO, while Monaco, as expected for a Monte-carlo

based planning system, exhibits differences. The doses computed with

the assigned MD agrees relatively well with measurements for

materials with CT numbers higher than the allowable range.

Conclusion Dose calculations in heterogenous media in Raystation

are comparable to XiO. Both have known limitations, which are

highlighted with experimental measurements and comparison with

Monaco using Monte-carlo algorithm. Assigning MD value for the

metals inserts led to satisfactory results however it is suggested that

extended CT to MD curve to be implemented in future versions of

Raystation without the need of segmenting them.
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Introduction VeriSoft (version 6.2) is software used to analyze

patient specific measurements using the Octavius 4D phantom with

either the 1000 SRS array or the 1500 array (PTW, Freiburg, Ger-

many). New software, VeriSoft 7.1 (PTW, Freiburg, Germany), was

launched in 2017 and required commissioning for clinical use. A

reference field, off-axis fields, and IMRT/VMAT fields were all

measured using both VeriSoft 6.2 and VeriSoft 7.1 to evaluate the

new software’s performance.

Method A 10x10 reference CAX field and 8 off-axis fields were

measured using the Octavius 4D phantom with 1500 array on three

different days. IMRT/VMAT fields were measured using both arrays.

3 % / 1 mm gamma criteria were used for stereotactic 1000 SRS array

analysis while 3 % / 3 mm of gamma criteria were used for the

analysis of measurements performed with the 1500 array. 25x25 fields

were measured with different array orientations to check the cali-

bration of the 1500 array.

Results For the reference 10 9 10 field, 3D reconstruction of both

versions showed a lack of horned profiles at shallow depths. However,

for some off-axis fields, VeriSoft 7.1 generally had pass rates greater

than 95% while VeriSoft 6.2.had pass rates less than 95%. Slight

errors in the 1500 array were detected. The pass rate of IMRT/VMAT

measurements using VeriSoft 7.1 was similar to 6.2.

Conclusion VeriSoft 7.1 showed better 3D reconstruction calcula-

tions for off-axis fields compared to VeriSoft 6.2. Since IMRT/

VMAT measurements using VeriSoft 7.1 were comparable to 6.2, we

use VeriSoft 7.1 3D reconstruction for IMRT/VMAT with high dose

in the central region and low peripheral dose. For instance, pelvis

region, head region, and spine region. However, we do not use Ver-

iSoft 7.1 3D reconstruction in breast VMAT and chest wall VMAT

which are high dose in peripheral and low dose in central region.
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Introduction The Leksell Gamma Knife Icon (Elekta, Stockholm,

Sweden) includes a real-time infrared patient tracking system. A

stereoscopic infrared camera mounted on the couch, a pair of refer-

ence reflectors attached to the mask adapter, and a reflector placed on

the patient’s nose are used to monitor intra-fraction motion. Measured

position deviations can be used as a beam interlock.

Commissioning tests were performed to assess the accuracy of

measured deviations, and the operation of interlocks during treatment.

Method A reflector, representing the patient, was mounted on a jig

used for Winston Lutz type tests. Micrometer adjustments were per-

formed in order to assess the accuracy of the indicated position offset.

The reflector was then mounted on a motorised platform so that the

reflector could be moved during treatment in order to test the func-

tionality of the beam interlock. In addition, a phantom containing an

ion chamber was set up in order to assess any change in dose induced

by activating the interlock multiple times during a shot.

Results The average difference between reflector position indicated

by the micrometer scales, and reflector position indicated by the

infrared system was 0.05 mm, with a maximum difference of 0.11

mm. The motorised platform enabled a simple check for the func-

tionality of beam interlocks once the marker deviation exceeded a set

tolerance. Ion chamber measurements indicated that there was neg-

ligible change in measured dose caused by activating the interlock on

3 occasions during a single 2.3 min shot.

Conclusion This method was able to assess the accuracy and func-

tionality of the Gamma Knife’s infrared system, and can be easily

adapted for other types of infrared tracking systems.
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Introduction The use of 3D printing in the radiation oncology

environment, specifically Fused Deposition Modelling (FDM) tech-

nology, has been increasing in popularity in recent years. 3D printers

are generally used for the creation of either bolus or phantoms and

other miscellaneous objects. This work investigates the applicability

of, and issues involved with, the latter of these use cases.

Method The Calvary Mater Newcastle (CMN) has acquired two

Ultimaker 3 Extended FDM printers which are capable of printing in

a range of materials including: Polylactic Acid (PLA), Copolyester

(CPE), Thermoplastic Polyurethane (TPU), Polycarbonate (PC) and

Polyvinyl Alcohol (PVA). The dosimetric performance of these

materials was assessed via both CT and irradiation. It should be noted

that PVA is only used as dissolvable support and was not investigated

further. Three examples are given of the use of the printers in the
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clinical environment to resolve encountered issues. Finally learnt

lessons are discussed around the implementation of 3D printers in the

clinic.

Results It was found that all four materials investigated (PLA, CPE,

TPU and PC) had relative electron densities of * 1.09, physical

densities of * 1.2 g/cm3 and * 1% dose enhancement compared to

the same thickness of solid water. 3D printing proved useful in

quickly producing clinically useful items including: a water tank

chamber spacer, a levelling Roos chamber holder and a kV pin-hole

camera. The use of 3D printing allowed rapid iteration in all cases

where design flaws could be investigated and rectified in a new print,

generally within 24 h. Printing issues (such as adhesion) can initially

present roadblocks to implementation however with experience these

can be overcome.

Conclusion FDM 3D printers have been found to provide a viable

way to quickly produce items of need within the clinical environment

compared to traditional methods.
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Introduction MRI linac components produce a Lorentz force on

secondary electron paths. For some inline designs, this has been

termed the electron focusing effect (EFE) and introduces unique

challenges for radiotherapy dosimetry, particularly at the entry sur-

face (skin) region. During radiation therapy, excess dose to the skin

can cause erythema, desquamation, and necrosis1. To provide skin

sparing, air generated electrons can be attenuated with the use of

acrylic beam spoilers2.

Method The effects of varying the position of an acrylic beam spoiler

to reduce skin dose on an inline MRI linac was investigated. Shallow

depth-dose measurements were performed with a high spatial reso-

lution MOSkin dosimeter which is based on MOSFET technology.

The MOSkin is suitable for use in the high gradient fields found

within the MRI-Linac, with the ability to provide a depth of mea-

surements of 0.07mm, giving a skin dose equivalent depth when

placed on a surface during radiation therapy3. Measurements were

performed at the Ingham Institute research bunker housing an Aus-

tralian prototype MRI-linac, which consists of a split bore 1 T MRI

unit coupled with a 6 MV Varian linac. A 20mm acrylic block was

placed 15cm upstream from the isocentre where surface measure-

ments were performed.

Results The electron focusing effect caused a skin dose of 200%

relative to Dmax. With the use of the spoiler, the energy deposited in

the MOSkin positioned in shallow layers of solid water was notably

smaller than measurements performed with no perturbing material,

reducing the surface dose to 125% relative to Dmax, as shown in

Figure 1.

Conclusion The use of an acrylic beam spoiler has a significant

dosimetric impact by reducing additional dose concentrated at the

skin with inline MRI-linac configurations. This study demonstrates

the potential use of spoilers in radiation therapy performed in an MRI-

linac system to maintain skin sparing. While the skin dose is less,

there is still no build up region, hence more sophisticated methods

such as magnetic field purging may need to be implemented.
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Introduction This study investigated the novel use of DVH patient

dose analysis in remote dosimetric auditing for clinical trials IMRT

credentialing. The sensitivity of the DVH analysis method was

compared to gamma analysis for delivery errors artificially introduced

into a post-prostatectomy (PP) plan and a head and neck (HN) plan. A

pilot study was conducted by performing DVH analysis on eleven

previously audited radiotherapy centres and comparing to past gamma

results [1].
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Method A novel method reconstructed the dose delivered to the

patient CT model from EPID images acquired in air. This was com-

pared to the planned dose distribution and DVH metrics were used for

analysis. Artificial delivery errors (monitor units, collimator angle, and

MLC leaf positions) were introduced into the two IMRT plans to

investigate the sensitivity of DVH analysis. This was compared to the

sensitivity of 2D gamma analysis of planned and measured (EPID-

derived) dose distributions in a virtual flat water phantom. Audit data

from the radiotherapy centres were analysed using the DVH method

and compared to previous gamma analysis results.

Results The DVH analysis method has comparable or better sensi-

tivity than the gamma method to the simulated delivery errors using a

± 2% dose difference threshold for DVH metrics and 90% gamma

pass rate threshold with 2%/2 mm and 3%/3 mm gamma criteria.

Higher sensitivity was observed for the DVH method for deviations in

MLC leaf positions and collimator rotation angles. The pilot study

gave more consistent audit results when using DVH analysis with all

centres performing within ± 3% dose difference in all PP DVH

metrics.

Conclusion Based on the comparable sensitivity of DVH and gamma

analysis methods and pilot study results, DVH patient dose analysis

shows great promise for use in remote IMRT dosimetric auditing. The

use of DVH analysis offers added benefit due to consideration of

radiobiological effects.
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Introduction Small Field Output Factors (SFOF) have a high degree

of uncertainty inherent in their measurement [1] and requires the use

of multiple detectors with time/labour intensive procedures. A recent

survey found that inconsistencies in measurement techniques used

across centres lead to significantly divergent estimates of the same

output factor [2].

The on-board electronic portal imaging device (EPID) is ubiquitous

across clinical centres and its high spatial resolution allows for small

field measurements. In this cross-institutional study we attempt to

determine if the correlation between SFOFs measured by the EPID

and those measured by a traditional dosimeter holds across inde-

pendent machines in a step towards demonstrating the feasibility of

using the EPID to acquire and verify small-field dosimetry data.

Method SFOFs for square MLC fields down to 5 9 5 mm and cone

defined fields down to 5 mm diameter were measured using the

Gafchromic EBT3 Film using three different Varian Clinac iXs at two

centres for use as ground truth. SFOFs were then measured using the

on board EPID (AS1000) available at these centres. All factors were

normalised to the 30 9 30 mm MLC defined field.

Results The ratio of EPID output factors on the film measured factors

are plotted below with their attendant uncertainties in measurement.

Aside from one exception (L3 6X Cones) they show a consistency of

correlation independent of the delivery machine. The EPID acquisi-

tion time for all fields was approximately 1.5 h for each machine.

Conclusion Further work is required to confirm these preliminary

results by extending the measurements to additional centres and to

Elekta model EPIDs; culminating with Monte Carlo modelling of the

interaction of small fields with the EPID architecture. A confirmation

of the initial trends discovered would indicate that EPIDs can indeed

be used for dosimetric measurements at fields sizes smaller than

previously supported by literature.
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Introduction A radiochromic genipin-gelatin dosimeter has previ-

ously been proposed for true 3D measurement of radiotherapy dose

distributions [1]. There have been few reports of practical application,

likely due to challenges presented by the relatively low dose sensi-

tivity and high levels of optical density of the dosimeter. In this work,

the utility of genipin gel was demonstrated by verification of treat-

ment planning for small SRS targets.

Method The gel dosimeter was prepared with final concentrations;

2% gelatin, 0.001% genipin and 100mM sulphuric acid in de-ionised

water. For reuse, the gel samples were melted and stirred at 35�C and

then re-poured. Irradiations using a 6 MV FFF IMRT multi-target

treatment plan were followed by optical CT scanning at 594 nm with

a previously described scanner [2]. Prescription isodoses were 20 Gy
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and gel size was 5 cm diameter. Gel measured absolute dose distri-

butions were compared to treatment planning computed distributions.

Results A dosimeter size of 5 cm gave sufficient optical transmission

for optical CT scanning while maintaining reasonable dose sensitiv-

ity. The gel bleaches in proportion to the dose delivered, thus reuse is

not limited by excessive darkening from accumulated doses. The

quality of the measured dose distribution was suitable to verify pre-

scription isodoses for small targets in the range of 5 to 10 mm using 3

% dose difference and 1 mm distance to agreement criteria.

Conclusion Genipin gel was found to be effective for true 3D

dosimetry of small SRS dose distributions. The gel could be reused,

therefore enhancing the practicality of true 3D dosimetry compared to

single use dosimeters.
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Introduction Beryllium oxide (BeO) ceramics are a near water-

equivalent material recently being investigated for fibre-coupled

luminescence dosimetry. Unlike some other common scintillators,

BeO ceramics are highly self optically attenuating. The purpose of

this study was to investigate the effect that the self optical attenuation

from BeO ceramics has on the response of a BeO ceramic fibre-

coupled luminescence dosimetry.

Method Using a superficial X-ray unit (SXR), the energy dependence

of the radioluminescence from the BeO ceramic was measured in

parallel and perpendicular alignment to the radiation field. This setup

was utilised to emphasise any response differences due to the self

optical attenuation of BeO ceramics. The 3D light collection from the

BeO ceramic was modelled via ray optics [1], and the 3D dose dis-

tribution modelled using geant4. The effect of the differing light

collection due to the self optical attenuation of the BeO ceramic and

the differing dose distribution within the scintillator were combined

and compared to the response measured.

Results Little energy dependence is measured from the BeO ceramic

above SXR energies of 50kVp. The measured energy dependencies

with the two setups showed a reduced lower energy response for the

parallel aligned detector of [ 25% with a 30 kVp beam. Once the

effect of the self optical attenuation and non-uniform dose distribution

are accounted for, the difference between the two energy dependen-

cies are\ 6%.

Conclusion A difference in energy dependence of the BeO ceramic

fibre-coupled luminescence dosimeter was measured. The effect of

the self optical attenuation from BeO ceramics was modelled and

shown to account for the measured discrepancy. Therefore in gradient

dose regions the self optical attenuation of BeO can lead to

discrepancies.
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Introduction The Gamma Knife� Perfexion at the Gamma Knife�

Center of Queensland was upgraded to the IconTM enabling posi-

tioning of patients using CBCT. A technique was developed to

independently check the coincidence of the frame based (via fiducial

markers) and CBCT defined coordinate systems.

Method The Leksell Gamma Knife� spherical solid water phantom

with film inserts is dockable to the frame adapter, and can be imaged

with a localizer box containing fiducial markers. Therefore film

irradiations can be performed where the stereotactic coordinate sys-

tem can be defined from either CBCT imaging or via fiducial markers

(i.e. a frame based coordinate system).

Gafchromic RTQA films (Ashland Inc., New Jersey) were irradiated

with a 4 mm collimator isocentre shot in both the axial and coronal

orientations, providing the isocentre location in the three spatial

dimensions. This isocentre shot was delivered where the coordinate

system was defined by CBCT, and by fiducial markers (i.e. four films

were irradiated). Each piece of film was also irradiated with two

frame-based 8 mm diameter shots located 2.64 cm from the isocentre.

This pair of 8 mm shots acted as a localizer in order to align each

CBCT-based with its corresponding frame-based film in order to

compare the position of the exposure at the isocentre.

Films were digitized with an Epson Expression 10000XL flatbed

scanner with 400 dpi resolution and no colour correction. By ana-

lysing the film profiles in the VeriSoft� radiotherapy plan verification

software (PTW-Freiburg, Breisgau, Germany), we were able to

identify the coincidence of the isocentres.

Results Initial results coincidence of the isocentre coordinates were

within 0.3 mm between the localizer box coordinates and CBCT

stereotactic coordinates

Conclusion The method was found to be easy to implement and

provides reproducible results to serve as a periodic check on the

isocenter coordinates.
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Introduction Radiochromic film is a good dosimeter choice for

patient QA for complex treatment techniques (IMRT, VMAT, SABR,

SBRT) because of its near tissue equivalency, very high spatial res-

olution and established method of use [1]. One of its significant

problems is the lateral response artefacts (LRA) effect, defined as the

differences of response from middle to side of the film orthogonal to

the scanner’s light source travel direction. This results from the film

composition itself and the scanner’s construction elements [2, 3, 4].

An LRA effect correction factor is needed, depending on dose range

involved and size (and position on film/scanner) of irradiated region

of interest. EPSON scanners are commonly used for film dosimetry.

NCCI have used an EPSON V700 scanner, but recently acquired a

new model EPSON V800 scanner [1]. The purpose of this work was

to evaluate any differences between these two scanners to consider

whether they can be used interchangeably or not.

Method EBT3 films were irradiated with 40 9 40cm2 field size and

scanned in both the scanners and the differences in LRA effect were

compared. The scanned images were read and plotted in ImageJ

V1.49 software. To compare calibration curves, 3 9 3cm2 film pieces

were irradiated for doses of 1–60 Gy and ImageJ and MS Excel were

used to plot and compare the curves. Repeated scan effects were also

compared.

Results The response of the V800 scanner is lower in optical density

than for the V700 scanner for the same films and irradiations and the

calibration curves are different from each other. The V700 scanner

shows about 2% increase in optical density after 10 scans in EBT3

film, whilst the V800 scanner shows less than 1% increase

Conclusion The scanners cannot be used interchangeably. The cor-

rection factors for LRA effect and the calibration curves are different.

Further characterisation and evaluation is required.
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Introduction The radiation oncology department at Auckland District

Health Board (ADHB) recently installed the Catalyst HD system on the

new Elekta VersaHD. This system uses real time optical imaging to

determine whether the patient is in the correct treatment position, both

inter- and intra-fractionally. The commissioning tests that were per-

formed to ensure that the system can be used clinically are described,

along with the initial clinical experience for prostate treatments at our

department using Catalyst HD for patient positioning.

Method The commissioning tests followed the TG147 [1] recom-

mendations for testing non-radiographic positioning systems. The

tests included, but were not limited to, the determination of the

maximum field of view, determination of the system warm up time,

spatial reproducibility of the system, localisation displacement

accuracy, and an end-to-end test following the current clinical

workflow. Some of these tests were performed using the Daily Check

QA device provided by C-RAD, and some of the tests used a whole

body phantom PBU-60.

Results The total field of view using all three cameras is 712mm x

1030mm x 898mm. The warm up time of the system was found to

take 35 min with maximum deviation in the spatial drift of 0.8 mm

within the first 35 min. Spatial reproducibility measurements over 3

h after the warm up show a maximum deviation of 0.2mm. This falls

within the manufacturer’s long term stability specification of 0.3

mm.

Conclusion The Catalyst HD system was tested thoroughly during the

commissioning process and was found to meet the manufacturer’s

specifications. The system has been used clinically for prostate

treatments and was found to be reliable in positioning the patient

correctly.
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Introduction Sufficient data for IMRT and VMAT cases in ACDS

LII and LIII audits has now been collected to begin analysing the

behaviour of various planning systems and dose calculation algo-

rithms. Of particular interest is their performance in challenging

situations where there is an OAR with a low dose constraint adjacent

to the target volume.
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Method The cases included were the ‘C-Shape’ (both LII and LIII)

adapted from AAPM: TG119 [1] (target: D95 C 50 Gy, D10 B 55

Gy; exclusion: D5 B 32 Gy) and the ‘Complex’ case (LIII only)

which consists of two adjacent target structures (D90[50 Gy, D10

\ 55 Gy and D95[ 40 Gy) and an exclusion sphere fully encom-

passed by the higher dose target (D5 B 32 Gy). The LII audits were

measured using a PTW Octavius 1500 2D ion chamber array (PTW,

Freiburg, Germany) in both homogeneous and inhomogeneous cubic

phantoms. The mean local dose variation of the elements falling

within the exclusion volume was calculated. The LIII audits were

measured in an inhomogeneous custom thorax phantom (CIRS,

Norfolk, VA). A single CC13 chamber was used to measure the dose

to the exclusion volume. The local dose difference was calculated

using:

Results Figures 1 and 2 show the local dose variations for the

exclusion volumes in LII and LIII audits respectively. Significant

differences between algorithms was observed and the general

trends between them were quite similar for both LII and LIII audit

data. The exception to this is Xio Superposition and is likely due to

there only being a single audit for each level making it statistically

weak.

Conclusion The ACDS LII and LIII audits both demonstrate that

there are measurable differences in the way dose calculation algo-

rithms behave when calculating doses to exclusion volumes.
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Introduction Central West Cancer Care Centre (CWCCC) has

implemented the AAPM TG61 [1] protocol for kilovoltage dosimetry,

as recommended by ACPSEM [2].

Method The CWCCC kilovoltage system uses 100 kV, 120 kV, 180

kV and 220 kV for clinical treatment. Clinical applicators used are (1)

FSD = 20 cm, 2 cm to 10 cm diameter circular open-ended applicators

(2) FSD = 50 cm, 4 9 4cm2 to 20 9 20cm2 square close-ended

applicators. The reference applicator is the open-ended 10cm diam-

eter applicator. Farmer and CC13 cylindrical chambers are used for

all clinical in-air measurements including HVLs, applicator factors,

and absolute dose measurement. A PPC40 parallel plate chamber in

solid water is used to measure the applicator factors for applicators

with dimensions larger than 5cm. Clinical beam data from the pre-

viously used IPEMB protocol [3, 4] are compared to TG61.

Results The HVLs of the 100 kV, 120 kV, 180 kV, and 220 kV were

determined to be 2.644 mm Al, 4.93 mm Al, 0.555 mm Cu, and

2.192 mm Cu respectively. The comparison of the IPEMB and TG61

protocols showed that there was less than 0.5% difference in patient

monitor unit (MU) calculation using data in the two protocols for all

CWCCC clinical beams except for 120 kV with 8cm diameter

applicator, which has a discrepancy of 1.1%. This discrepancy is

mainly due to the lack of backscatter factor (BSF) in TG61 protocol

for applicator diameter when the BSF changes rapidly with applicator

diameter between 5cm and 10cm, as shown in Figure 24. This dis-

crepancy can be reduced to 0.2% if a 4th-order polynomial curve

fitting method is used instead of linear interpolation to obtain the BSF

for the 120kV 8cm diameter applicator.

Applicator factors measured using the PPC40 in solid water are

within 3% of those obtained using in-air measurement and applying

the BSF.
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Conclusion The TG61 and IPEMB protocols are both consistent and

appropriate for clinical use. Curve fitting can be used to reduce

uncertainty when extracting BSF for clinical use. The TG61 protocol

has been implemented clinically at CWCCC.
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Introduction 3D printers have been used to manufacture patient

specific bolus for external beam radiation therapy in our department

since early 2017. This work summarizes the validation process for the

printed bolus prior to clinical implementation, the verification process

of the first patient boluses and the ongoing quality assurance

procedures.

Method The 3D Printer purchased after market research was a

CreatBot DX series printer using Polylactic acid.

Sample printed boluses have been assessed in terms of density,

homogeneity, geometrical accuracy, reproducibility and stability. The

same sample was CT scanned at weekly intervals, before and after

irradiation with typical treatment radiation doses.

The first fifty clinical boluses were assessed prior to the first

treatment fraction. The conformity of the bolus to the patient’s skin

was verified by using the treatment unit’s on board imagers. In vivo

dose measurements have been performed in order to verify the skin

dose under the bolus.

Following the evaluation of the initial clinical boluses, a routine

quality assurance program for the printed bolus was developed.

Results Printed bolus was created in 5 and 10mm thickness and found

to be geometrically accurate and homogeneous in density. Mean CT

numbers were 120 ± 40 (mean ± 2SD). Its physical properties remain

consistent throughout the radiotherapy treatment. On board imaging

showed an improved conformity to the patients’ skin for the printed

bolus when compared to other boluses used in our department. In vivo

dosimetry confirmed that the delivered radiation doses are in good

agreement with the planned doses (ratio measured vs planned 0.98 ±

0.13 (mean ± 1SD)).

The routine quality assurance program includes continuation of

measurements for all electron bolus and a monthly verification of

density and thickness of geometric samples.

Conclusion 3D printed bolus provides a reliable and superior alter-

native to more established boluses used in radiotherapy treatments.
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Introduction
The Central West Cancer Care Centre (CWCCC) in Orange provides

radiotherapy services to patients in the Western NSW Local Health

District, an area of 246,676 km2 (31% of NSW) and population of

*278,000. The centre uses an integrated Varian ARIA Oncology

Information System and Varian Eclipse Treatment Planning System

(TPS) running on a Citrix environment, facilitating ease of access

across the district. The centre has two Varian high-energy linear

accelerators (Trilogy and iX), a Gulmay orthovoltage unit and a

Toshiba 4D CT Simulator. Both linacs are used for 3D conformal,

electron, IMRT and VMAT treatments. The Trilogy linac is used for

DIBH treatments and is being commissioned for SABR treatments.

Method The centre is the first NSW public centre to upgrade its TPS

to enable Graphical Processor Unit (GPU) treatment planning cal-

culations of the linear Boltzmann Transport Equation to Monte-Carlo

class accuracy with the Varian Acuros algorithm (v15.5) [1]. Calcu-

lations are performed on the centre’s new high-performance

computing cluster of three Framework Agent Servers (FAS), each

with dual GPU cards (Tesla P100-PCIE-16GB, 3584 cores). The

combined GPU performance of the system is 27.9 Double-Precision

Tera (1012) Floating Point Operations Per Second (DP-TFLOPS). The

FASs complement a suite of 6 planning workstations to make up the

Distributed Calculation Framework of 144 Central Processor Unit

(CPU) cores, with a combined CPU performance of 5.2 DP-TFLOPS.

The planning system has been enhanced with Varian RapidPlan

Knowledge Based Planning and Multi-Criteria Optimisation, which

are currently being commissioned.

Results Acuros GPU calculations of 3D conformal, field-in-field and

IMRT/VMAT plans are typically calculated in around 20 seconds,

five times faster than CPU calculations and at about the same speed as

the older AAA algorithm CPU calculations, enabling greater use of

the higher accuracy Acuros algorithm to improve treatment plans.

Conclusion The CWCCC is the first NSW public radiotherapy centre

to implement GPU calculations with the Varian Acuros v15.5 algo-

rithm, enabling faster accurate planning to benefit patients in the

Western NSW region.

References

1. Vassiliev ON, Wareing TA, McGhee J, Failla G (2010)

Validation of a new grid-based Boltzmann equation solver for

dose calculation in radiotherapy with photon beams. Phys Med

Biol 55:581–598. http://iopscience.iop.org/0031-9155/55/3/002/

398 Australasian Physical & Engineering Sciences in Medicine (2019) 42:285–401

123

http://iopscience.iop.org/0031-9155/55/3/002/


P66 Conversion of PDDs to TMRs for small

radiotherapy fields

Emma Whittle1, Scott Crowe2,3, Shadi Khoei4, Emma Spelleken5,
Tanya Kairn2,3

1Biomedical Technology Services, Herston, Australia.

(emma.whittle2@health.qld.gov.au [Presenting author]). 2Queensland

University of Technology, Brisbane, Australia. (t.kairn@gmail.com),

(sb.crowe@gmail.com). 3Royal Brisbane & Women’s Hospital,

Herston, Australia. 4Genesis Cancer Care Queensland, Auchenflower,

Australia. (shadi.khoei@genesiscare.com.au). 5Genesis Cancer Care

Queensland, Rockhampton, Australia.

(emma.spelleken@genesiscare.com.au)

Introduction The calculation of dose in a radiation therapy patient in

treatment planning and dose checking software requires the mea-

surement of variation of dose with depth and surface distance. There

are two radiation dosimetry quantities, percentage depth dose (PDD)

and tissue phantom ratios (TPR) that are commonly used for this

purpose. The conversion between PDD and TPR data has not been

widely investigated for small-field flattening filter free (FFF) beams.

This study investigated and compared measurements of TPRs in small

fields (ranging from 0.5 cm x 0.5 cm to 3 cm x 3 cm) to PDD-

converted TPRs for both flattening filter (FF) and FFF beams.

Method A Sun Nuclear Corporation (SNC) cylindrical water tank and

IBA BluePhantom 3D water tank were used to measure TPRs and

PDDs for small field sizes with comparisons to measurements using

the Varian TrueBeam linear accelerator. Previously published PDD-

TPR conversion methods [1–3] were applied to the PDD data

acquired from the TrueBeam linac and then compared with TPR

measurements.

Results The best agreement between the practical measurements and

conversion methods was the PDD to TPR conversion [2] empirically

determined for small fields using different fitting parameters. This

was followed by a standard peak-scatter- factor and inverse square

law corrected conversion [1] which were in good agreement with the

empirical conversion. A functional conversion [3] yielded the great-

est. Increased uncertainty was found for the 0.5 cm x 0.5 cm field size.

It was concluded that all conversion methods failed to correctly

convert PDD data for small FFF fields.

Conclusion This study highlighted that novel conversion factors are

needed for fields less than 1 cm x 1 cm and for FFF beams. It is

concluded that when using TPR data for independent dose checking

software, measurements for comparisons to other data are used

instead of conversion methods.
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Introduction Brachytherapy has always been a challenging module

in ACPSEM’s Training, Education and Assessment Program (TEAP)

due to the fact that only 7 out of 17 NSW Departments with public

Registrars have a clinical brachytherapy service. Nearly half of our

Registrars reside outside Sydney. Further complications include the

variation in role of a brachytherapy physicist and variation of case

mix and patient numbers over time.

ACPSEM implemented Version 3.6 of the TEAP Clinical Training

Guide (CTG) for ROMPs in 2013. Eight broad competencies at level

2 evolved in to 16 learning outcomes with increased scope and more

detailed assessment criteria based on Blooms Taxonomy1. Techniques

on the ‘‘would-like-to-see’’ list were now mandatory, such as low

dose rate (LDR) prostate, LDR eye plaque and HDR prostate

brachytherapy. LDR techniques are only offered by one specialist

service. Visits to departments needed to be formalised due to the

volume and critical timing of Registrar visits. Brachytherapy physi-

cists were now asked to train and assess learning outcomes and

contribute to the Registrar’s submission of best work. Due to the

workload involved and cost of travel and accommodation from rural

areas, consistency and efficiencies needed to be found.

Results and Conclusion Training and assessment templates were

written for all level 2 learning outcomes.

Each template included tables listing:

• pre-requisite knowledge

• pre-requisite clinical experience

• required items of training

• required evidence

• a Registrar log of relevant knowledge and training received

elsewhere, co-signed by their Supervisor

• expanded assessment criteria with tick boxes for ‘meets expec-

tation’ or ‘below expectation’

• Assessor feedback ± recommended Comet grading

These templates have been successfully implemented at 4 NSW

brachytherapy services. An additional service is about to start.

Completed templates are uploaded in to Comet as evidence. Services

that support extended brachytherapy rotations grade directly in to

Comet.
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Introduction The Pinnacle3 auto-planning (AP) package is an auto-

mated inverse planning tool employing a multi-sequence algorithm

that fine-tunes a plan’s objective function during optimisation based

on overlapping volumes, dose coverage and the presence of hot and

cold isodose regions. The progressive optimisation algorithm creates

small ‘dummy’ volumes during the optimisation progress in order to

improve the plan. The nature of this optimisation can lead to highly

modulated fields potentially increasing the complexity of a plan and

subsequently pushing the delivery capabilities of a linear

accelerator.

Method A retrospective planning study was performed on 30 prostate

patients who had previously received IMRT to the prostate and

seminal vesicles, prostate and pelvic lymph nodes, or prostate bed.

The AP techniques developed for step-and-shoot IMRT (AP-IMRT)

and VMAT (AP-VMAT) were applied to these planning cases and

compared in terms of target volume coverage and organ at risk (OAR)

dose objectives. In addition, each case in the study cohort was also

planned with VMAT (without AP).

Plan complexity was assessed for each plan based on the modulation

complexity score index proposed by McNiven et al. [1] and later

adapted for VMAT by Masi et al. [2]. This index is calculated on plan

parameters such as field aperture shape and size, total MLC leaf travel

and the total number of plan MU per control point.

Results Plans produced with AP provided comparable dose coverage

to the target volumes but with significant reduction in OAR doses for

the bladder and rectum when compared to the non-AP IMRT and

VMAT plans (Figure 1).

Modulated complexity scores were found to be dependent on the

number of beams used for IMRT but were not significantly different

between AP and non-AP VMAT plans. Correlation between plan

complexity and plan verification gamma index scores are currently

being evaluated.

Conclusion An automated planning tool has been evaluated for IMRT

and VMAT treatment planning and found to produce plans of equal or

superior plan quality without a significant change to plan complexity.
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2Akademia Górniczo-Hutnicza, Physics, Krakow, Poland

(szumlak@agh.edu.pl). 3The Clatterbridge Cancer Centre NHS

Foundation Trust, Wirral, UK. (andrzej.kacperek@nhs.net)

Introduction Online beam monitoring in medical accelerators is

essential in assuring patient’s safety as well as high quality and

efficacy of cancer treatment. In clinical practice for proton therapy,

currently used ionization chambers are interceptive devices, degrad-

ing both the beam profile and its energy spread. Therefore, a new non-

interceptive approach of online beam monitoring is highly desirable.

Method The Vertex Locator (VELO) detector is a multi-strip silicon

detector used in the LHCb experiment at CERN. The semi-circular

design and position of its sensitive silicon detector offers a non-in-

vasive way to measure the beam intensity through a precise

measurement of the beam halo without interfering with the beam

core. The adapted standalone VELO detector is integrated at the 60

MeV proton therapy beamline at the Clatterbridge Cancer Centre
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(CCC), UK. Synchronised with a Faraday Cup and the RF cyclotron

frequency, the quality of the beam monitor is assessed by measuring

the beam current at different dose rates and by monitoring the beam

halo profile at different positions along the beamline.

Results The integration zone of the VELO detector is after the double

scattering foils, range shifter and modulation wheel. The detector can

move along 15 cm along the beamline. The beam current is measured

for the dose rate of 10 Monitor Units (MU)/min to 60 MU/min at

position 0 cm, 8 cm and 15 cm each. Also, 2D and 3D beam profile

measurements are presented for non-skewed and skewed beams. The

results are benchmarked against GEANT4 simulations.

Conclusion The full setup optimized for implementation in the proton

beam line at CCC is described. The capability of VELO as a beam

monitor is assessed by measuring the beam current at different dose

rates and by monitoring the beam profile. Further measurements in

other proton therapy facilities with scanning systems are desirable.
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1Cockcroft Institute/University of Liverpool, UK.

(Thomas.Primidis@liverpool.ac.uk), (jacinta.yap@liverpool.ac.uk

[Presenting author]), (welsch@liverpool.ac.uk),

(jrestalo@liverpool.ac.uk). 2Adaptix Ltd, Oxford, UK.

(gil.travish@adaptiximaging.com)

Introduction Optimisation of X-ray medical imaging systems

requires detailed simulations of their performance in silico. Monte

Carlo simulations is one of the methods to achieve this and not only

can they describe with great detail the performance of a system

including all possible parameters that effect it but they also suc-

cessfully reproduce the resulting images by simulating the detector

response [1]. This work is a comparison between the Monte Carlo

codes FLUKA [2, 3]/Flair [4] and GATE [5]/Geant4 [6–8] which

proves that different codes successfully reproduce the performance of

a multiple-source, X-ray medical imaging system and they produce

similar results. This increases confidence on results before design

realisation.

Method Monte Carlo methods are used to simulate an X-ray emitter

array with 45 sources placed at a 7 9 7 configuration without the four

corners and with 1cm pitch. All sources are disks, emitting 60keV

monochromatic beams, having Gaussian beam spot radius with r =

1.2mm and Gaussian divergence with r = 6.67�. A PMMA block is

used as an energy deposition detector and at a 1mm distance lie 3

trapezoid frustums representing teeth. The plane of the sources is at a

120mm distance from the detector.

Results As expected, the teeth cast shadows due to attenuation. The

resulting images have minor differences but the overall quality is the

same. Finer adjustment of each simulation parameter can decrease

those differences.

Conclusion Different Monte Carlo codes have been used and

benchmarked against each other. Both system performance and

detector response are described in detail, enhancing the system

optimisation capabilities. Known 3D geometries were simulated to

yield the resulting X-ray image from emitter array and the resulting

images and errors were analysed to assess code performance.

Acknowledgements This project is funded by the Science and

Technology Facilities Council (STFC) within the Accelerators for

Safety, Healthcare and Environment project (ASHE) and it is a col-

laboration between the University of Liverpool and Adaptix Ltd.

Finally, the Cockcroft Institute facilities are where research took

place.

References

1. Skordis E, Vlachoudis V, Welsch CP (2017) A Monte Carlo

Approach to Imaging and Dose Simulations in Realistic Phan-

toms Using Compact X-Ray Source. Proc. 8th Int. Particle

Accelerator Conf. (IPAC’17). https://doi.org/10.18429/JACoW-

IPAC2017-THPVA137
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