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A retrospective dosimetric comparison of VMAT versus t-IMRT for patients with
Aeroform Tissue Expanders undergoing post-mastectomy radiation therapy using
the new ESTRO-ACROP target volume delineation.
Janice Yeh, Margaret Cokelek, Mark Tacey, Emily Holt, Huong Ho, Tai Tran, Brindha Subramanian, Farshad Foroudi, Michael Chao

Department of Radiation Oncology, Austin Health, Victoria

Background & Purpose

Methods & Materials

Dosimetry of the 4 plans

Aeroform carbon dioxide tissue expander device is
a novel alternative system to the traditional saline
tissue expanders for patients who have had
mastectomy for breast cancer and require
adjuvant radiation therapy (RT).

Five patients with left sided breast cancer
who underwent mastectomy, axillary
dissection, carbon dioxide tissue expander
insertion were identified.

Fig 1: Dosimetry of VMAT to all PTVs including IMN

Fig 2: Dosimetry of t-IMRT to all PTVs including IMN

Fig 3: Dosimetry of VMAT to all PTVs excluding IMN

Fig 4: Dosimetry of t-IMRT to all PTVs excluding IMN

However, the metallic reservoir within the device poses a significant impact
on RT dosimetry while treating the chest wall area.

Retrospectively, their CT simulation planning scans were utilised to
delineate the ipsilateral chest wall (CW) and nodal target volumes as
per ESTRO consensus guidelines.

The aim of this study is to compare RT dosimetry outcomes using
volumetric modulated arc therapy (VMAT) versus tangential intensitymodulated radiation therapy (t-IMRT) techniques when planning postmastectomy RT, using the recent ESTRO-ACROP target volume delineation
consensus guideline [1].

A dose of 50.4Gy in 28 fractions was prescribed and four plans
generated to consider VMAT and t-IMRT to the left CW,
supraclavicular fossa (SCF), with and without internal mammary
nodes (IMN). Dosimetry for all target volumes and organs at risk
were extracted, with paired means compared.

Results
When comparing VMAT with t-IMRT
techniques, there was no statistically
significant difference in the planning
target volume receiving 50.40Gy
(PTV5040) D95 or D2 coverage
(p=0.122, p=0.816, respectively).
Within t-IMRT plans, excluding IMN
leads to higher D95 coverage
(p=0.002).

The t-IMRT plans had lower contralateral lung V5
(p<0.001), and even lower when IMN was not included
(p=0.001). The VMAT plans had lower minimum doses to
the ipsilateral ribs and intercostal muscles (p<0.001), while
the maximum dose was not significantly different
(p=0.837)
Table 1: Mean values of each dose parameter
VMAT to all PTVs
including IMN

VMAT to all PTVs
excluding IMN

t-IMRT to all PTVs
including IMN

t-IMRT to all PTVs
excluding IMN

D95%

92.9%

93.0%

93.6%

94.8%

D2%

105.9%

105.3%

105.5%

105.5%

Mean dose

3.1Gy

2.9Gy

4.2Gy

3.8Gy

V25Gy

0.9%

0.4%

4.7%

4.6%

Ipsilateral V20Gy
(Left) Lung V5Gy

21.6%

22.4%

32.1%

25.4%

46.7%

46.7%

46.4%

42.4%

5.1%

6.0%

0.4%

0.02%

4.1Gy

4.2Gy

3.9Gy

1.9Gy

52.5Gy

51.9Gy

52.3Gy

51.9Gy

38.1Gy

39.4Gy

42.4Gy

43.0Gy

Structure Parameter
PTV50.4

The heart mean dose and V25 were
significantly lower with VMAT than tIMRT (p<0.001). There was no
significant difference to the heart
dose whether IMN was included or
not. The ipsilateral lung V20 was
significantly lower with VMAT than tIMRT (p<0.001), but not the V5
(p=0.246). Within t-IMRT plans,
excluding IMN leads to lower
ipsilateral lung V20 (p<0.001).

There was no significant difference to the dose to
ipsilateral ribs and intercostal muscles whether IMN was
included or not. The contralateral breast mean dose was
not significantly different between VMAT and t-IMRT
(p=0.073). Within t-IMRT plans, the right breast mean dose
was lower if IMN was excluded (p=0.002).

Heart

Contralateral
V5Gy
(Right) Lung
Contralateral
Mean dose
(Right) Breast
Ipsilateral (Left) Chest Max dose
wall (ribs and
intercostal muscles) Min dose

Conclusion
VMAT technique was able to achieve a lower mean
heart dose, ipsilateral lung V20, ipsilateral ribs and
intercostal muscle minimum dose, than t-IMRT
technique.
However, it is also associated with
higher absolute dose values to
contralateral lung and right breast,
whilst maintaining similar target
volume coverage.

Each patient should be considered
individually by their risk factors when
deciding which planning technique to
use.

References
1. Kaidar-Person, O., et al., ESTRO ACROP consensus
guideline for target volume delineation in the setting of
postmastectomy radiation therapy after implant-based
immediate reconstruction for early stage breast cancer.
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Multi-dose preparation of Lu-177 PSMA-617 from a single 20GBq batch of Lu-177
Background
Lu-177 radiotherapy is quickly becoming an important therapeutic approach for metastatic, castration
resistant prostate cancer. Depending on the protocol, patient infusions range from 9.5 to 7 GBq of Lu177 PSMA-617. Typically, this agent is produced in-house on an individual patient basis starting from 10
GBq of Lu-177. However, the increased demand for this therapeutic agent has made it necessary to
establish a production protocol with which multiple patient doses can be produced from a single
delivery of Lu-177.
Aim
The aim of this project was to produce multi-patient doses of Lu-177 PSMA-617 from a single delivery of
Lu-177.
Methods
The iPhase Multisyn module was used to implement the production of Lu-177 PSMA-617. GMP 177LuCl3
no carrier added was supplied by the Australian Nuclear Science and Technology Organization (ANSTO)
(New South Wales, Australia). GMP PSMA-617 was be supplied by Endocyte (Indiana, USA). Synthesis
and reagent kits were supplied by iPhase technologies. The Lu-177 vial was rinsed with 1 mL of a 0.4 M
sodium acetate solution containing 125 µg of PSMA-617 and 2 mg of gentisic acid. This mixture is then
added to a reactor vial containing 1 mL of 0.4 M sodium acetate solution with 125 µg of PSMA-617 and 2
mg of gentisic acid. The reaction mixture is then heated to 95 °C for 15 min. After cooling to 45 °C, 10 mL
of a solution of 500 mg of sodium ascorbate and 2 mg of DTPA was added to the reactor vial. The
product the undergoes sterile filtration using a Cathivex GV 0.22 µm vented filter
Results
The produced batch of 20 GBq of Lu-177 PSMA-617 passed all release criteria, was suitable for human
injection and was found to be stable for more than 4 h.
Conclusion
A method for multi-dose production of Lu-177 PSMA-617 was developed and can now be used for
treatment of multiple patients in a single day.
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Christian W. Wichmann1-4, Uwe Ackermann1-4, John M. Mariadason3,4, Andrew
M. Scott1-4^, and Jonathan M. White1^
Synthesis and evaluation of [18F]mIpoPET-1, a fluorine-18 labelled mTOR
inhibitor derivative based on an imidazo[4,5-b]pyrazin-2-one backbone
^

Co-senior authors
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3. Olivia Newton-John Cancer Research Institute, Heidelberg
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Aim
This work aims to develop a novel molecular imaging probe for the non-invasive
selection of patients receptive to mTOR inhibitor therapy. The mammalian target of
rapamycin (mTOR) is a prominent target for drug development in the oncological
space. mTOR inhibitors are being used widely in the clinic, however patient selection
is critical to treatment success. Based on a dual mTORC1/2 inhibitor with
imidazo[4,5-b]pyrazin-2-one scaffold, we designed, synthesised, and characterised a
novel molecular imaging probe for positron emission tomography (1).
Methods
The tosylate precursor of 6-(4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(2-fluoroethyl)-1Himidazo[4,5-b]pyrazin-2(3H)-one (mIpoPET-1) was prepared from commercially
available starting materials with a Suzuki coupling as the central reaction.
Radiosynthesis of [18F]mIpoPET-1 was performed using an automated synthesis
procedure and its biological profile was assessed in a mTOR inhibitor (RAD001)
sensitive and insensitive model system using previously characterised breast cancer
cell lines (2).
Results
Synthesis of the tosylate precursor proceeded in 6.6% yield over 6 linear steps. Fully
automated radiosynthesis of [18F]mIpoPET-1 was achieved in >99% radiochemical
purity and typical molar activity was 22.1 GBq/µmol. Cell uptake assays showed 5.0fold increased uptake of [18F]mIpoPET-1 in RAD001 sensitive compared to
insensitive cells and target specificity was confirmed via blocking studies with excess
mIpoPET-1. This work is relevant due to the broad clinical use of mTOR inhibitors
such as RAD001. It addresses the major obstacle for successful treatment and has
the potential to improve outcomes for patients with various cancer types.
Conclusion
Automated radiolabelling of [18F]mIpoPET-1 was achieved in high radiochemical
purity and in vitro uptake assays showed increased uptake in RAD001 sensitive
compared to insensitive cells.
References
1.
Mortensen DS, Fultz KE, Xu S, Xu W, Packard G, Khambatta G, et al. CC-223, a
Potent and Selective Inhibitor of mTOR Kinase: In Vitro and In Vivo Characterization.
Molecular Cancer Therapeutics. 2015;14(6):1295-305.
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Development of mTORC1 specific agents for evaluation of HER2 targeted therapy using
PET. Internal Medicine Journal. 2018;48(S3):13.
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Andrew M. Scott1-4
Fully Automated Radiosynthesis of 89Zr-Durvalumab for Clinical PET Imaging of
PD-L1
1. Olivia Newton John Cancer Research Institute, Heidelberg
2. School of Cancer Medicine, La Trobe University, Bundoora
3. Department of Molecular Imaging and Therapy, Austin Health, Heidelberg
4. School of Chemistry, The University of Melbourne, Parkville
5. Peter MacCallum Cancer Centre, Melbourne
Aim
The objective of this work is to develop a fully automated protocol for radiolabelling of
anti-PD-L1 antibody Durvalumab with zirconium-89 to facilitate the ImmunoPET
clinical study. Targeting immune checkpoint proteins such as PD-1/PD-L1 is changing
the landscape of cancer therapy (1). However, changes in PD-L1 expression over the
course of chemoradiotherapy treatment have not been well characterised. The
ImmunoPET study aims to examine the dynamics of PD-L1 expression via 89ZrDurvalumab PET imaging before, during and after chemoradiotherapy.
Methods
Fully automated production of 89Zr-Durvalumab was developed using a disposable
cassette-based synthesis module. Activity losses were minimized by optimizing fluid
transfers, reaction buffer, antibody formulation additives and pH.
Results
Reaction kinetics in succinate pH 6 were found to be 4-fold faster compared to
standard reaction medium. Residual radioactivity in the Zr-89 isotope vial was reduced
from 24% to 0.4% ± 0.2% (n=7). Further radioactivity losses in the form of 89ZrDurvalumab in the reactor vial were practically eliminated by addition of 0.02% Tween
80 to the reaction buffer decreasing losses from 36% ± 6% (n=4) to 0.8% ± 0.8%
(n=4). The overall process yield was thereby improved from 13% to 73% ± 7% (n=4)
to give 89Zr-Durvalumab within 45 minutes and passing all QC/QA parameters for
clinical release such as radiochemical purity (>99%), protein integrity (>96%), and
immunoreactive fraction (>93%). The procedure has been transferred successfully to
a second Australian study site (PeterMac) with highly reproducible results highlighting
the robust nature of the protocol. This work is significant nationally, enabling the Zr-89
based multicentre clinical trial ImmunoPET (ACTRN12621000171819), and
internationally for improving upon the only other description of an automated 89Zrantibody labelling procedure worldwide.
Conclusion
A novel, fully automated, and highly robust procedure for clinical production of 89ZrDurvalumab with minimal radiation exposure to the operator has been developed.
References
1.
Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, et al. Durvalumab
after Chemoradiotherapy in Stage III Non–Small-Cell Lung Cancer. New England Journal of
Medicine. 2017;377(20):1919-29.
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Title: Optimising pre-operative single fraction partial breast radiotherapy plans for an
MR Linac
Purpose: Pre-operative partial breast irradiation may decrease the side effects and
inconvenience of radiotherapy. Magnetic resonance guided radiotherapy using a MR Linac
may allow improved accuracy of radiotherapy through improved soft tissue visualisation.
However, radiation delivered in a magnetic field causes an electron return effect (ERE) which
can enhance dose at air/tissue interfaces and an electron streaming effect (ESE) which can
increase out-of-field skin dose. Prone breast treatment may be ideal for the MR Linac,
decreasing breathing motion artefacts & reducing the ESE.1-3 The distance between the
tumour and the chest wall is also increased, changing the proximity of organs at risk and beam
interactions with air/tissue interface. We sought to optimise pre-operative single fraction partial
breast radiotherapy plans in an MR linac environment.
Methods and Materials: Single 21Gy fraction radiotherapy plans were generated for patients
with an intact breast tumour using eleven, nine and seven field (step and shoot, 7MV flattening
filter free) beam arrangements in the prone position on a conventional planning CT scan.
Target volumes were generated in accordance with a study protocol and organ at risk
constraints for the heart, lungs, skin and chest wall were derived from literature and
departmental single fraction SABR protocols.4-6 Plans were optimized on the 7 field
arrangement then the same constraints applied to the 9 & 11 field templates.
Results: Plans were generated for eight patients (four left and four right sided). On average,
the seven-field arrangement required more segments but less monitor units than the other two
arrangements. It was also on average estimated the fastest to deliver, taking 634 seconds
(data from the planning system). Eleven field took an estimated 25 seconds longer (659) and
the nine-field was an additional 8 seconds (667) in delivery time. For all plans, PTV D98
coverage of 21Gy was achieved and maximum doses ranged from 125-130%. Conformity and
gradient indices met protocol targets and were similar across each of the beam arrangements.
Dose to the ipsilateral lung was comparable. Maximum heart dose, D5 and D10 were all lower
with the eleven-field technique. Larger ranges were seen across all organs at risk in the sevenfield plans.
Conclusion: It is feasible to generate plans for single fraction pre-operative breast
radiotherapy that met study protocol constraints using the beam model for the MR linac.
Increasing the number of fields slightly increases treatment time but can improve OAR
dosimetry and this trade off will need to be considered for clinical application.
References:
1.Charaghvandi RK, van Asselen B, Philippens ME, Verkooijen HM, van Gils CH, van Diest PJ, et al.
Redefining radiotherapy for early-stage breast cancer with single dose ablative treatment: a study
protocol. BMC Cancer. 2017;17(1):181.
2.Raaijmakers AJ, Raaymakers BW, Lagendijk JJ. Integrating a MRI scanner with a 6 MV
radiotherapy accelerator: dose increase at tissue-air interfaces in a lateral magnetic field due to
returning electrons. Phys Med Biol. 2005;50(7):1363-76.
3.Raaijmakers AJ, Raaymakers BW, van der Meer S, Lagendijk JJ. Integrating a MRI scanner with a
6 MV radiotherapy accelerator: impact of the surface orientation on the entrance and exit dose due to
the transverse magnetic field. Phys Med Biol. 2007;52(4):929-39.
4.Charaghvandi KR, Van't Westeinde T, Yoo S, Houweling AC, Rodrigues A, Verkooijen HM, et al.
Single dose partial breast irradiation using an MRI linear accelerator in the supine and prone
treatment position. Clin Transl Radiat Oncol. 2019;14:1-7.
5.Groot Koerkamp ML, Vasmel JE, Russell NS, Shaitelman SF, Anandadas CN, Currey A, et al.
Optimizing MR-Guided Radiotherapy for Breast Cancer Patients. Front Oncol. 2020;10:1107.
6.Guidolin K, Yaremko B, Lynn K, Gaede S, Kornecki A, Muscedere G, et al. Stereotactic imageguided neoadjuvant ablative single-dose radiation, then lumpectomy, for early breast cancer: the
SIGNAL prospective single-arm trial of single-dose radiation therapy. Curr Oncol. 2019;26(3):e334e40.

Cancer stem cell marker DCLK1 reprograms small extracellular vesicles
toward migratory phenotype in gastric cancer cells
Annalisa L.E. Carli1,2, Shoukat Afshar-Sterle1,2, Alin Rai3,4, Haoyun Fang3, Ryan
O’Keefe1,2, Janson Tse1,2, Fleur M. Ferguson6,7, Nathanael S. Gray6,7, Matthias Ernst1,2,
David W. Greening3,4,5,8, Michael Buchert1,2.
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Introduction: Doublecortin-like kinase 1 (DCLK1) is a putative cancer stem cell marker, a
promising diagnostic and prognostic maker for malignant tumors and a proposed driver gene
for gastric cancer (GC). DCLK1 overexpression in a majority of solid cancers correlates with
lymph node metastases, advanced disease and overall poor-prognosis. In cancer cells,
DCLK1 expression has been shown to promote epithelial-to-mesenchymal transition (EMT),
driving disruption of cell-cell adhesion, cell migration and invasion. Here, we report that
DCLK1 influences small extracellular vesicle (sEV/exosome) biogenesis in a kinasedependent manner.
Methods: Using differential ultracentrifugation, sEVs were purified from conditioned media of
parental (non-transfected) GC cell line MKN1 (MKN1PAR), DCLK1 overexpressing (MKN1OE)
and small molecule inhibitor (1μM DCLK1-IN-1) treated cells (MKN1OE+INH). sEV size and
concentration were obtained using nanoparticle tracking analysis. sEVs were subjected to
LC-MS/MS and downstream quantitative proteomic analysis, as well as in vitro migration
assays.
Results: Quantitative proteomics analysis of MKN1OE-sEVs revealed enrichment in migratory
and adhesion regulators (STRAP, CORO1B, BCAM, COL3A, CCN1) in comparison to
MKN1PAR-sEVs. This is supported by the observation that addition of MKN1OE-sEVs to
MKN1PAR cells increases their cell migratory behaviour in vitro, compared to MKN1PAR-sEVs.
Moreover, using the highly specific DCLK1-IN-1 inhibitor, we reversed the observation of the
increased size and concentration of sEVs upon DCLK1 overexpression, in contrast to other
EV subtypes, as well as kinase-dependent cargo selection of proteins involved in EV
biogenesis (KTN1, CHMP1A, MYO1G) and migration and adhesion processes (STRAP,
CCN1).
Conclusion: Our findings highlight a novel role for DCLK1 in regulating EV-biogenesis and
pro-migratory sEV cargo selection in a kinase-dependent manner, this sheds new light on its
role as a regulator of signaling in gastric tumorigenesis.
ResearchFest 2021

Oncology and Immunology Abstracts

Rhynelle Dmello1, Pathum Thilakasiri1, Belinda Duscio1, Ivan Poon2, Eduard
Batlle3, Michelle Palmieri4, Matthias Ernst1, Ashwini Chand1
Therapeutic effects of GP130 inhibition in combination with chemotherapy in
colon cancer
1Olivia

Newton-John Cancer Research Institute and School of Cancer Medicine, La
Trobe University, Melbourne VIC, Australia.
2Department of Biochemistry and Genetics, La Trobe Institute of Molecular Sciences,
La Trobe University, Melbourne VIC, Australia
3Institute for Research in Biomedicine (IRB Barcelona), Barcelona Institute of Science
and Technology (BIST), Barcelona, Spain
4Walter and Eliza Hall Institute of Medical Research (WEHI), Melbourne VIC, Australia.

Background
Inflammatory cytokines, such as interleukin-6 (IL-6) and IL-11, activate the signal
transducer and activator of transcription 3 (STAT3), which drives the gene
transcription of cellular processes attributed as hallmarks of cancer. High levels of
these cytokines, in combination with driver mutations, facilitate tumour growth and
progression in preclinical models of colon cancer. Previous studies in our laboratory
identified bazedoxifene (BZA), currently approved for the treatment of osteoporosis,
as a small molecule inhibitor of GP130 (the receptor common to the IL-6 family of
cytokines), selectively suppressing IL-6 and IL-11 signalling to reduce colon and
gastric cancer growth in vivo (Thilakasiri et al, EMBO Mol Med 2019).
Aim
The aim of this study is to determine the key cellular mechanisms influenced by GP130
inhibition to mediate anti-tumour effects in colon cancer cells. Additionally, we
assessed the combined effects of BZA with standard of care chemotherapy drugs on
cell proliferation and apoptosis.
Methods
Using LIM2405 and HT29 colon cancer cells, the combined effect of BZA, fluorouracil,
oxaliplatin and SN38 (active metabolite of irinotecan) on inducing apoptosis was
analysed using flow cytometry and confirmed using dot protein arrays and DIC
microscopy. Combined efficacy of the drug combinations was calculated using drug
synergy assays conducted on patient derived organoids. The effects of BZA were
further analysed on HT29 xenograft growth and metastasis in vivo. Levels of STAT3
activation in response to IL-11/STAT3 signalling was characterised by Western
blotting.
Results
Our results demonstrated that combination treatment with BZA, fluorouracil, oxaliplatin
and SN38 significantly increased apoptosis in colon cancer cells. Our data showed
that BZA inhibited GP130-dependent STAT3 activity in the human colon cancer cell
line LIM2405 and HT29. BZA treatment sensitized cells to chemotherapy leading to
increased apoptosis. BZA treatment also reduced tumour burden in vivo
demonstrating that gp130 mediated STAT3 inhibition is an attractive target for the
treatment of early stage and advanced stage colon cancer.

Sarah Bennett1,2, Yang Liao1,2, Bhupinder Pal1,2, Wei Shi1,2, Matthias
Ernst1,2, Ashwini Chand1,2
Single-cell RNAseq analysis of IL11-dependent pathways in Triple
Negative Breast Cancer
1. Olivia Newton John Cancer and Wellness Centre, Heidelberg, Vic., Australia;
2. School of Cancer Medicine, LaTrobe University, Melbourne, VIC Australia
Triple-negative breast cancer (TNBC) accounts for around 15-20% of all
breast cancer. It is characterized by a lack of oestrogen receptor,
progesterone receptor and epidermal growth factor receptor 2 (HER2),
making it impervious to endocrine or HER2-directed therapies that are
routinely used for other breast cancer subtypes. There is an urgent clinical
need to identify cellular mechanisms driving progression and metastasis so
that improved treatments can be developed. There is a large body of
evidence supporting the role of the latent transcription factor Signal
Transducer and Activator of Transcription 3 (STAT3) in promoting TNBC
“cancer hallmark capabilities” including proliferation, survival, and invasion.
Analysis of TCGA datasets show an enrichment of STAT3 activation
signatures in TNBC, correlated with reduced metastasis-free survival
outcomes. Binding of the cytokine Interleukin-11 (IL11) to a heterotrimeric
complex including its receptor IL11RA and the GP130 receptor is one of the
upstream events that leads to STAT3 phosphorylation and activation. Our
analysis shows IL11 transcripts in TCGA datasets are elevated in breast
cancer compared to normal adjacent tissue, and its levels are positively
correlated with TNBC progression including high IL11 in patients with
recurrent disease and metastasis. To investigate the role of IL11 signalling in
the tumour microenvironment on tumour growth and metastasis, we implanted
mammary tumour cells into the mammary fat pad of wildtype and IL11RA
knockout mice. Tumour and metastatic burden was reduced in the IL11ra-/mice compared to wildtype animals. Analysis of different epithelial and
immune cell types by single-cell RNAseq revealed the importance of IL11
signalling in regulating cellular metabolism, activation of T-cells and glycolysis
within various cell types of the tumour microenvironment, critical for regulating
mammary tumour growth. scRNA sequencing revealed a reduced expression
of IL11RA in stromal cells and fibroblasts, but intact expression in the tumour
epithelial cells, demonstrating that host IL11 signalling is important in
regulating tumorigenic processes. Taken together, these results indicate a
pronounced role for IL11 signalling in driving TNBC primary tumour growth
and metastasis through the tumour microenvironment. Therapeutic
manipulation of IL11 signalling would present a promising avenue for TNBC
treatment research.
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Myc as the master regulator of dormancy in triple negative breast
cancer
1. Metastasis Research Lab, Olivia Newton-John Cancer Research Institute, Heidelberg, Vic.
Australia;
2. School of Cancer Medicine, La Trobe University, Bundoora, Vic., Australia;
3. Sir Peter MacCallum Department of Oncology, the University of Melbourne, Parkville, Vic.
Australia
Dormancy is a clinical problem in breast cancer. Even though five-year survival rates are high,
one out of ten of breast cancer patients will relapse. This relapse can happen years to decades
after treatment and is a constant source of constant fear for patients because prognosis at
recurrence is very poor. Cancer cells that have disseminated from the tumour (DTCs) can enter
a dormant state, which enables them to survive treatment. It is believed these cells are the
source of cancer recurrence.
Myc is a well-known oncogene which is aberrantly regulated in many cancers, including breast
cancer. The gene is involved in stemness, diapause, proliferation, and tumorigenesis. We
hypothesise Myc is also the master regulator of dormancy.
To investigate its role in dormancy we have generated multiple breast cancer cell lines with
inducible levels of Myc expression. We have reduced Myc levels and induced a dormant
phenotype in otherwise aggressive cell lines. Vice versa, we have overexpressed Myc in
naturally dormant cell lines which made them exit their dormant state. Ultimately, we will
compare transcriptomics of dormant cells to proliferative cells to generate a dormancy gene
signature and elucidate potential dormancy-specific genes to target in the clinic. Furthermore,
we will use a clinically relevant Myc-reducing compound to induce dormancy in our mouse
models.
Our data have shown that a genetic reduction in Myc greatly reduces the extent of metastasis
in a preclinical mouse model. The DTCs in lungs, livers, spine, and femurs are maintained in
small clusters consisting of few cells, while the control mice have many and large metastases.
We have sustained the DTCs in this dormant-like state for over 32 days post resection.
Importantly, when levels of Myc are restored, the DTCs exit the dormant state, and overt
metastasis ensues. Furthermore, our Myc-reducing inhibitor has induced dormancy in a
multitude of our in vitro assays.
This data imply Myc levels are important in the maintenance and exit of dormancy in DTCs.
We have discovered there is an inhibitor that induces a dormant phenotype by reducing Myc
levels in aggressive cell lines, which could lead to potential life-saving therapies in the clinic.
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Aim
Triple-negative breast cancer (TNBC) is a highly heterogeneous disease,
associated with a higher risk of distant recurrence compared to other breast
cancer subtypes. Previous studies suggest that intra-tumoural heterogeneity
can be predictive of poor outcomes, as heterogeneous tumours are more likely
to contain malignant clones able to spread to distant organs.
To identify the profile of cancer clones responsible for disease progression, we
recently optimised the use of optical barcoding in breast cancer cell lines and
patient-derived xenografts.
Methods
Human cancer cells were labelled with optical barcodes using a lentiviral-based
approach. Cancer cells and their progenies inherited a unique set of fluorescent
tags, and therefore the growth of individual clones was monitored by highresolution imaging and flow cytometry in vitro. This strategy was also used in
vivo, to track the fate of highly metastatic clones and to characterise their
molecular profile.
Results
Our results indicated that clonal fitness and intra-metastatic heterogeneity
differed significantly according to the metastatic site. By comparing the
transcriptome of optically labelled clones present in several organs, we derived
a signature of genes that were largely influenced by the tumour
microenvironment. We found that the Tumour Necrosis Factor-α (TFNα)
pathway seemed to play a central role in regulating metastasis heterogeneity
in the lungs. Using TFNα inhibitors, we confirmed that the inhibition of this
pathway had an impact on the heterogeneity of lung metastases.
Conclusion
Overall, this work highlights the benefits of using cellular barcoding to better
understand clonal fitness and metastatic heterogeneity. The identification of the
molecular mechanisms supporting the growth of malignant cells in specific
organs will guide the design of new combination therapies to treat metastatic
disease.
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Use of Diffusion-Weighted Magnetic Resonance Imaging for Predicting
Treatment Outcomes and Radiation-induced Xerostomia in Patients with Head
and Neck Cancer
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Background:
Head and neck cancer (HNC) of the mucosa is one of the most common cancers worldwide. Most
presentations are locally advanced tumours, with uncontrolled locoregional disease being the main
cause of fatality. The standard of care is curative-intent chemoradiotherapy regimens, achieving good
efficacy in locoregional control (LRC) and survival rates. Survivorship now focuses on radiotherapyrelated late toxicities such as xerostomia, as it causes a significant quality-of-life (QoL) burden.
Diffusion-weighted imaging (DWI) is a function of magnetic-resonance imaging (MRI) that can provide
accurate visualisation of cellular changes throughout treatment. Here, we aim to review the emerging
potential of DWI in predicting treatment outcomes for HNCs.
Methods:
A comprehensive search was conducted on PubMed to select records on use of DWI/MR imaging in
HNCs. Literature were excluded if they were studies on metastatic disease or involved resectable
tumours.
Results:
17 records were included in this review. DWI is an MRI function that measures molecular motion
between different tissues, allowing the user to characterise structures based on the diffusivity of cells.
Cellular diffusion is quantified by calculation of Apparent Diffusion Coefficient (ADC) values. Studies
found that malignant or recurrent tumours had low ADCs which represent a hypercellular environment,
whereas benign lesions and radiotherapy-induced tissue changes/inflammation showed higher ADCs.
Additionally, 5 studies demonstrated that patients receiving higher radiation doses to the salivary glands
exhibited higher ADC changes, poorer gland function and more severe xerostomia.
Conclusion:
DWI is a non-invasive imaging modality that allows quantification of tissue kinetics through calculation
of ADCs. These values may be able to predict treatment response and allow differentiation of high-risk
lesions from other tissues. DWI can also be applied to normal structures such as the salivary glands to
produce ADC changes that predict late xerostomia. This will guide appropriate interventions to mitigate
these toxicities. Future research should investigate on how the cellular information of DWI can be
combined with other imaging modalities to form prognostic models for this patient group.

Stereotactic radiotherapy and the role of magnetic resonance-guided adaptive
techniques for locally advanced pancreatic cancer
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Background:
Pancreatic cancer is one of the leading causes of cancer deaths. Surgical resection is the only curative
option but is rarely feasible due to late presentation. Stereotactic body radiotherapy (SBRT) is a novel
radiation technique developed to reduce radiation-related toxicity whilst delivering high ablative
radiation doses to the tumour. However, the poor soft-tissue visualisation of computed tomography (CT)
imaging incorporated in SBRT prevents dose escalation. This led to the emergence of magnetic
resonance (MR)-guided techniques to circumvent these limitations. Here, we aim to review and report
on the latest data of SBRT and the role of MR-guided techniques to enhance multimodal management
of pancreatic cancer.
Methods:
A systematic search on PubMed and Ovid (Medline) was done to collate the latest records on
radiotherapy techniques for pancreatic cancer. The literature includes SBRT and/or MR-guided
adaptive radiotherapy on unresectable pancreatic neoplasms. Studies were excluded if they were on
metastatic disease, resectable tumours, or chemoradiotherapy as adjuvant treatment after surgery.
Results:
Out of 1219 total records retrieved, 13 studies were included in this review. Four of these studies
demonstrate SBRT’s superior clinical efficacy and toxicity profiles compared to conventional
radiotherapy techniques. SBRT achieved median overall survival (OS) rates between 6-23 months, with
grade 3 toxicity rates of 15% or less. Interestingly, a small proportion of unresectable patients were
converted to surgical resectability after SBRT treatment. Seven studies demonstrated conversion rates
of 5-18%. The study that achieved 18% resectability involved patients treated with high-dose regimens
(42-45 Gy in 6 fractions) compared to standard regimens (20-40 Gy in 3-6 fractions). This suggests that
the key determinant in conversion is dose escalation. Two studies so far demonstrated comparable
survival rates and lower incidences of severe toxicity with use of high-dose MR-guided radiotherapy.
Conclusion:
SBRT is an advanced technique that allows delivery of radiation in a precise and time-efficient manner.
Standard CT imaging implemented in SBRT limits dose escalation because of its poor soft-tissue
contrast. By incorporating MR-guided adaptive techniques with SBRT, the superior imaging enables
higher doses to be delivered to the tumour safely whilst limiting radiation to the adjacent healthy tissues.
Achieving dose escalation is paramount, as it is the key to making the tumour resectable and thus
increasing the chances of cure.
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Aim
To assess the impact of rectal dosimetry on gastrointestinal (GI) toxicity
outcomes in prostate cancer patients treated with I125 low-dose-rate
brachytherapy (LDR-BT) with or without hyaluronic acid (HA) or polyethylene
glycol hydrogel (HS) rectal spacer (RS) insertion.
Methods
Seventy consecutive men treated with LDR-BT between December 2017 and
July 2019 were included in this study, twenty-eight (40%) men had RS insertion
according to the preference of the referring urologist, compared to a group of
forty-two men (60%) without RS. Descriptive statistics, Receiver Operating
Curve (ROC) analysis and multivariable analysis were used to compare
dosimetric effects (RV100, rectal D1cc and D2cc) on rectum with
gastrointestinal (GI) toxicities (assessed using the CTCAEv4).
Results
The mean prostate-rectal separation with RS at mid prostate was 9.9mm (SD
2.8mm). Post-implant RV100 values of ≤0.5 showed statistically significant
reduction in late GI toxicity when compared to RV100>0.5 (p=0.049). Based on
ROC analysis, post-implant rectal D1cc values >67.45 showed higher rates of
acute (25% vs 3%, p=0.014) and late GI toxicity (36% vs 6%, p=0.003). Postimplant rectal D2cc values >53.89 yielded a higher rate of acute GI toxicity (23%
vs 3%, p=0.035), with rectal D2cc values >54.81 yielding higher rate of late GI
toxicity (35% vs 6%, p=0.003).
Conclusion
Reduction in post LDR-BT implantation rectal dosimetry values in patients
treated with RS insertion were associated with lower rates of acute and late
GI toxicities.
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Aim
To assess rectal dosimetry and gastrointestinal outcomes in prostate cancer
patients treated with I125 low-dose rate brachytherapy (LDR-BT) with or without
hyaluronic acid (HA) or hydrogel (HS) rectal spacer (RS) insertion.
Methods
Seventy consecutive men treated with LDR-BT between December 2017 and
July 2019 were included in this study, twenty-eight (40%) men had RS insertion,
compared to a group of forty-two men (60%) without RS. Descriptive statistics
were used to compare the RS safety, dosimetric effects on organs at risk
(rectum and urethra), as well as gastrointestinal (GI) and genitourinary (GU)
toxicities (assessed using the CTCAEv4) between the two groups.
Results
The mean prostate-rectal separation with RS at mid prostate was 9.9mm (SD
2.8mm). There were no post-operative complications for RS insertion. There
was significantly reduced rectal dosimetry in RS group vs non-RS group, the
median RV100 was 0cc (IQR=0-0.0cc) vs 0.4cc (IQR=0.1-1.1cc) (P<0.001)
respectively. Mean rectal D1cc and D2cc were 52.4% vs 84.2% (P<0.001) and
45.7% vs. 70.0% (P<0.001) for RS and non-RS group respectively. There were
no discernible differences in the mean urethral D20, D5, and D1. There were
significantly less ≥ grade 1 acute and late GI toxicities in the RS group when
compared to the non-RS group (0% vs 24% p=0.004 for acute GI toxicity; 4%
vs 33%, p=0.003 for late GI toxicity). Strong association remained for RS with
late GI toxicity (odds ratios<0.2) even after accounting for the confounding
effects of post-implant RV100¬, D1cc and D2cc.
Conclusion
Insertion of RS in men treated with LDR-BT is safe and results in significantly
lower values in rectal dosimetry, resulting in significantly reduced rates of
acute and late GI toxicities.
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