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Background
Locally Advanced Breast Cancer (LABC) accounts for ap-

proximately 10% of new breast cancer presentations in Australia 
and New Zealand [1,2] . LABC is not easily operable initially, 
due to its size, involvement of skin or chest wall, or bulky re-
gional nodes. Instead of immediate surgery, primary systemic 
therapy (PST), typically combination chemotherapy and tar-
geted therapies (e.g., Trastuzumab) to render surgery feasible is 
common [3,4]. 

Studies of the management of LABC have focused on rates 
of pathological complete response as the main outcome of inter-
est when assessing the efficacy of new primary systemic therapy 
agents [5-7]. There is less focus on surgical approaches follow-
ing PST. Across Australia and New Zealand clinical practice has 
varied for women with LABC, particularly whether breast con-
servation surgery (BCS) is offered as an alternative to mastecto-
my, and which imaging modalities are employed to aid decision 
making for surgery.

Traditionally, tumour response is assessed by clinical examina-
tion and serial ultrasound although this approach can underesti-
mate non-invasive cancer components such as ductal carcinoma 
in situ (DCIS). To mitigate the limitations of serial ultrasound, 
mastectomy is often recommended following PST. However, 
this may lead to unnecessary disfigurement, reconstructive costs, 
and morbidity. 

The introduction of breast MRI and PET-CT scans is variable 
across Australian centres for management of LABC patients, 
particularly, the time points of a patient’s journey these are 
performed [8-11]. While breast MRI may not be accessible for 
many women in Australia depending on where they live, Medi-
care rebates for breast MRI became available in 2019 for women 

at diagnosis when other imaging is inconclusive, or for pre-sur-
gical planning where there is discrepancy between clinical as-
sessment and conventional imaging assessment [12]. Whole 
body PET scans also became available for Australian women for 
the staging of stage III LABC in 2019, although not for pre-sur-
gical planning [13]. 18F- fluorodeoxyglucose (18F-FDG) is the 
most widely used radiotracer for PET scans in breast cancer and 
is routinely available in sites accredited for performing PET-CT 
studies by the Australian and New Zealand Association of Physi-
cians in Nuclear Medicine (ANZAPNM) Practice Accreditation 
Program, and was therefore chosen as the radiotracer for this 
study [14]. Accurate assessment of the extent of disease by im-
aging before, during and after PST is necessary to ensure correct 
decisions are made about the extent of surgery undertaken (BCS 
or mastectomy) and radiation treatment (RT) target volumes. 

Breast MRI assesses initial disease extent and its response 
to PST more accurately than physical examination, mammog-
raphy/ultrasound [15-18]. However, a meta-analysis of surgical 
outcomes following pre-operative breast MRI for women with 
early-stage disease showed that MRI significantly increased 
mastectomy rates [19]. More recent studies report that breast 
MRI may over-estimate or under-estimate residual disease after 
PST [20] indicating that the use of MRI in LABC after PST still 
warrants investigation. 

The main benefit of PET‐CT scans may be in their ability to 
detect distant disease with greater sensitivity than whole body 
bone scan and CT scans [21], although data is emerging regard-
ing its use to assess disease extent in the breast and regional 
nodes, and to assess response to PST [22]. 

This study proposes a standard management pathway for 
LABC patients which integrates MRI and PET-CT scans in a 
uniform and strategic manner aiming to identify patients who 

Background: Some patients with stages IIB (T2N0M0) or III non-inflammatory (locally advanced) breast cancer (LABC) 
may become suitable candidates for breast conservation surgery (BCS) rather than mastectomy following primary system-
ic treatment (PST) (i.e., chemotherapy +/- targeted therapy, trastuzumab).  A more accurate assessment of residual disease 
after PST may be achieved by breast magnetic resonance imaging (MRI) and positron emission tomography-computed 
tomography (PET-CT) scans compared to clinical examination, ultrasound, and mammography, thereby better identifying 
patients in whom mastectomy can be spared. This study examines the feasibility of such an approach. Methods: Women 
diagnosed with LABC and suitable to receive PST, surgery, and adjuvant radiotherapy are eligible for this prospective sin-
gle-arm phase II study. The objectives are to ascertain the feasibility and diagnostic accuracy of a policy of MRI and PET-
CT directed management in this patient cohort. For 70 women to undergo BCS, it is estimated that 220 women will need 
to be enrolled. Breast MRIs and PET-CT scans are performed at baseline, prior to cycle 3 of PST and pre-surgery.   PST is 
prescribed per institutional practices and must include trastuzumab for tumours over-expressing HER2. If disease remains 
inoperable after PST, patients receive pre-operative radiation treatment and if the disease is operable post PST, radiation 
is given post-operatively. Discussion:This study explores a management pathway for LABC patients that integrates MRI 
and PET-CT scans in a uniform and strategic manner. The aim is to identify which women will become candidates for BCS 
without compromising local control or disease-free survival. Correlation between the central review of biopsy and surgical 
pathology to the MRI and PET-CT scans will be performed to determine the accuracy, sensitivity, and specificity of the 
imaging assessments. The correlative results will contribute to predicting which LABC patients may become suitable for 
BCS through such an imaging schedule. Furthermore, early indication of non‐response through imaging may prevent a 
patient receiving further ineffective systemic therapy with unnecessary toxicity and cost.
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can avoid mastectomy without jeopardising loco-regional con-
trol of disease. The primary objective of the study is to demon-
strate a local recurrence (LR) rate of ≤ 20% at three years in 
patients who undergo BCS based on MRI and PET-CT scans 
and histopathology, noting that LR ≤ 10% is expected. LR rates 
after BCS for women with LABC range from 5% to 19% at five 
years [23-25]. Many factors influence local control, with higher 
rates of LR noted for patients with clinically involved axillary 
nodes and oestrogen receptor negative tumours [26] in one study 
and higher AJCC stage, negative progesterone receptor status 
and number of positive axillary nodes [27] in another. One retro-
spective study of women with LABC under the age of 45 years 
did not find a higher rate of LR for those undergoing BCS com-
pared to mastectomy, although LR was higher with higher post 
PST nodal stage and AJCC stage [28].

Methods

This study is a single arm phase 2 study for patients with diag-
nosed LABC suitable for chemotherapy, surgical resection, and 
RT. The study is sponsored by TROG Cancer Research and has 
been granted ethics approval through the Western Sydney Local 
Health District (HREC:AU RED/13/WMEAD/464).

The primary endpoint of this study is to measure the local re-
currence rates for all patients at 3 years. There are many second-
ary endpoints which are listed as follows:

•  Presence of disease in the breast and nodes on pre‐treat-
ment biopsies and pathology of definitive surgical specimen (or 
post‐PST biopsies in the event that disease remains inoperable 
after PST).

• Response on biopsies performed at Week 6 after start of PST 
(prior to cycle 3) and Week 3‐5 from last PST, and changes in 
MRI and PET‐CT scan tumour / node size and characteristics.

• Sites of distant disease as measured by PET‐CT compared 
with bone scan and CT scan head, chest, abdomen and pelvis.

• Presence or absence of disease in sentinel node(s).

• Disease free survival

• Sites of local and regional recurrence

• Quality of Life for all women (including body image).

• The cosmetic outcome for all women (objective and subjec-
tive, patient and clinician rated).

• Presence or absence of lymphoedema

• Patients’, medical oncologist’s, and surgeons’ decisions 
about treatment.

• The cost of MRI and PET‐CT and additional costs associated 
with these procedures.

• The cost of BCS compared to mastectomy.

• A bio‐bank of tumour and serum samples.

Patient will enter a two-stage registration process prior to en-
tering PET LABRADOR, trial registration and then treatment 
registration. The trial registration inclusion and exclusion criteria 
are summarised in Table 1. 

Patients meeting the Trial Registration criteria patients will be 
registered to receive a baseline echocardiogram, FDG PET-CT, 
and a breast MRI scan. Following these investigations, patients 
will be excluded from Treatment Registration if it is found there 
are ≥ 4 sites of metastatic disease or inadequate cardiac func-
tion (LVEF ≤50%). Patients found to have bilateral breast cancer, 
who had clinically unilateral breast cancer at the time of trial reg-
istration will not be excluded. Patients who have sufficient car-
diac function (LVEF >50%) for chemotherapy and up to 3 sites 
of distant metastases on FDG PET-CT scans can be registered on 
PET LABRADOR and will proceed with data collection and on-
going imaging as per protocol. The study schema is summarised 
in Figure 1. 

Treatment

All patients receive neo-adjuvant chemotherapy according 
to a recruiting centres standard, and targeted therapies if indi-

Inclusion Criteria Exclusion Criteria
Females, ≥ 18 Pregnant or lactating
Cytological +/‐ Histological confirmation of breast cancer Unwilling to have photographs taken of the area from the mid‐

neck to navel.
Clinical Stage IIB (T3N0M0) ‐ III (non‐inflammatory) unilater-
al breast cancer

Implanted medical or electronic devices deemed a contraindica-
tion to performing a breast MRI

Adequate haematological, renal, and hepatic function Clinical evidence of bilateral breast cancer
Suitable for radical treatment employing chemotherapy, surgery, 
and radiation therapy

Previous RT to the area to be treated

ECOG performance 0‐1 Previous chemotherapy or hormone therapy for this cancer
Life expectancy > 36 months Previous surgery to the ipsilateral breast or nodes
Use of adequate contraception for participants capable of child-
bearing

Previous contralateral breast cancer

Available for follow up Prior diagnosis of cancer with subsequent evidence of disease 
recurrence or clinical expectation of recurrence is greater than 
10% within 5 years of current diagnosis except for successfully 
treated basal cell or squamous cell skin carcinoma or carcinoma 
in situ of the cervix
Patients with clinical evidence of metastatic disease

Table 1. PET LABRADOR Eligibility Criteria
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cated (e.g., Trastuzumab). Registration onto additional clinical 
trials with alternative PST schedules will be permitted. Patients 
should receive a minimum of 6 weeks (or 2 cycles) of an anthra-
cycline-based chemotherapy schedule, and a taxane for a mini-
mum of 6 weeks (or 2 cycles). Hormonal therapy as an alternative 
to neo-adjuvant chemotherapy is not encouraged on this study 
unless a patient is enrolled on a separate study examining this 
question. 

All PST should be given and completed before loco-regional 
treatment (i.e., surgery or RT). A minimum of 18 weeks and max-
imum of 26 weeks of PST is to be prescribed.

Patients will undergo breast MRI, PET-CT, ipsilateral mam-
mogram, and core biopsy prior to cycle 3 of PST (approximately 
6 weeks from first PST). A change in PST plan should be con-
sidered for patients whose imaging shows signs of progressive 
disease.

Following completion of PST patients will undergo repeat 
breast imaging which will include breast MRI, PET-CT scan 
and ipsilateral mammogram 3-5 weeks post completion. Patients 
deemed operable following PST will undergo surgery 5-7 week 
post the last day of PST. Each patient’s multidisciplinary team 

in consultation with the patient will determine the appropriate 
surgery based on imaging and physical assessment of response.

RT will be delivered 6-8 weeks from the date of last surgery, 
when a patient was operable post PST. For patients found to be 
inoperable following PST, RT will begin 5-7 weeks after last 
PST. RT will be given daily 9-10 times per fortnight, as per local 
practice. With interruptions, such as machine breakdown, treat-
ment side-effects, service days, or public holidays managed as 
per local procedure. 

The first five (5) patients enrolled in the study from each par-
ticipating centre will undergo post RT quality assurance (QA) 
review. This review aims to ensure that the RT plan is developed 
according to the protocol. If the initial review results are accept-
able, the trial site will proceed to a sampled review of 1-in-5 
patients.

Women with oestrogen sensitive tumour will receive hormon-
al therapy for a minimum of 5 years, commencing 2 weeks after 
the last radiation treatment. 

Imaging Protocols

Imaging protocols are summarised as follows:

Figure 1. PET LABRADOR Schema
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MRI Protocol

A dedicated breast coil will be used on a 1.5T or 3T MRI scan-
ner. 

Pre-contrast scans 

• Axial T2-W FSE

• Axial STIR 

• Axial Diffusion-weighted imaging (DWI) whenever 
available

• Axial 3D T1-W gradient echo without fat suppression

• Axial 3D T1-W gradient echo with fat suppression 
(pre)

Post-contrast scans

- Multi-phase Axial 3D T1-W gradient echo with fat suppres-
sion (same as pre contrast phase). Each phase to run for 62.5 sec 
with a 25 sec pause between the pre-contrast phase (1st phase) 
and the first post contrast phase (2nd phase), with a total of 5 
post phases to be completed.

- A bolus injection of a macrocyclic gadolinium-based con-
trast agent (0.1mmol/kg) is injected during the dynamic acquisi-
tion of the above sequence.

PET/CT Protocol

Imaging performed at ANZAPNM accredited sites by ac-
credited staff. 18-F FDG dose of 5.3MBq/kg for PET scanner 
without time-of-flight capability. 18-F FDG dose reduced for 
high-count rate PET/CT scanners with time-of-flight capability 
including dose correction for body mass index.

- A cannula with a three-way tap should be inserted into a 
vein on the contralateral side to the breast tumour after standard 
preparation.

- Patients should be scanned in a standard position and repli-
cated for sequential scans. 

- An uptake period of 60min +/- 15min will be used for the 
baseline scan. Subsequent scans will use the same uptake time as 
baseline +/- 5min and performed on the same PET/CT scanner. 

- Imaging acquired from vertex to proximal femora.

- A low dose CT scan without breath hold will be acquired first 
for attenuation correction. 

- PET acquisition parameters and length of time for each bed 
position must remain stable for sequential scans in an individ-
ual patient (based on camera manufacturers recommendations/
EANM guidelines). 

- The first PET bed position should start at the vertex extend-
ing caudally.

- Image reconstruction parameter standardised and replicated 
for sequential scans. 

Assessments

Patients will have chemotherapy, surgical and RT related acute 
and late toxicities reported using the NCI Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.0 [29]. 

Cosmetic breast photos will be taken throughout the trial to be 
used as an objective assessment of breast cosmesis. Photos will 

be taken pre-treatment, at operability review, post-op, post RT 
and then annually. The patient’s skin will be marked at the ster-
nal notch and at 25cm inferior to the sternal notch at the midline. 
Additional photos will be taken where the patient has any palpa-
ble breast tumour or lymph nodes. All palpable disease will be 
outlined on the patient. Photos of outlined disease will be taken 
to visualise all markings, one photo with a ruler against the pri-
mary tumour will also be taken to enable verification of the size.

Two subjective cosmetic rating measures will be used. The 
clinician rated EORTC Cosmetic Assessment Rating System, 
and the patient rated Breast Cancer Treatment Outcome Scale 
(BCTOS) [30].

Cosmetic based assessments (EORTC Cosmetic Assessment 
Rating, Photos, and BCTOS PRO) will be discontinued post-op-
eratively for patients who undergo mastectomy. 

Patient Reported Outcomes (PROs) will be assessed using the 
EORTC QLQ-C30, EORTC QLQ-BR23, and EORTC EQ-5D-
5L.

Statistical Methods

The study design is a single-arm prospective study.  It is an-
ticipated that 30% of patient will undergo BCS. Rates of BCS 
vary in the literature and 30% was set as a realistic percentage 
[31,32]. To detect, with 90% confidence (one-tailed) and 80% 
power, a local recurrence rate of less than 20% at three years, 70 
patients with BCS will need to be enrolled. To achieve this sam-
ple size, 220 patients overall will need to be registered onto the 
trial.  An interim analysis will be performed once 28 patients un-
dergoing breast conservation surgery have achieved three years 
of follow-up.  If five or more patients have experienced a local 
recurrence consideration will be given to stopping the study. 

The primary endpoint will be reported as the proportion of 
patients who undergo BCS who have experienced a local recur-
rence, together with the 90% and 95% confidence interval for 
this proportion. 

Discussion

This trial provides a standardised management pathway for 
women with LABC with an imaging protocol that aims to select 
the most appropriate surgical management (BCS or mastecto-
my) and the most appropriate RT volumes for individual patients 
based on their response to PST. Management varies for this stage 
of disease and the protocol offers a way of bringing together and 
improving the performance of a multi-disciplinary team of clini-
cians, pathologists, radiologists, and nuclear medicine special-
ists. 

A small number of patients may benefit from study partici-
pation through the identification of distant disease that would 
dictate a different treatment plan. The major benefit of the proto-
col will be that if the imaging schedule proves to be an accurate 
predictor of disease response to PST for women with LABC, 
ineffective PST may be avoided, and individual patients offered 
a change to a potentially more effective PST regimen. A recently 
published randomised trial of PET-CT compared with conven-
tional staging imaging for 369 women with TNM stage III or 
IIb breast cancer reported that more women were upstaged to 
metastatic disease and treatment was altered more often based on 
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PET-CT findings [33].  Imaging might also be able to predict ear-
ly in the treatment programme which patients will become BCS 
candidates and those who may still require a mastectomy.  

The standardised imaging protocols for breast MRI and PET-
CT allow the opportunity to build expertise in these modalities 
and will generate evidence to determine the added value and po-
tential for these investigations in the management of LABC. 

Several Australian and New Zealand studies have investigated 
the role of MRI in breast cancer management. The PROSPECT 
trial prospectively recruited 443 women with clinical T1N0 
non-triple negative breast cancer to investigate whether pre-op-
erative breast MRI and pathology findings could identify women 
who could avoid breast RT [34]. Women underwent BCS and if 
pT1No or N1mi, avoided RT. The ipsilateral invasive breast can-
cer recurrence rate at 5 years for this group of women was 1%. 
The ANZ 1401 ELIMINATE randomised trial of neoadjuvant 
chemotherapy with or without concurrent aromatase inhibitor to 
downstage oestrogen receptor positive Stage 2 or 3 breast can-
cer employed pre- and post-treatment breast MRI to determine 
the overall objective radiological response rate [9]. The primary 
endpoint was proportion of pathologic stage 0 or 1A at surgery 
and no information has been published regarding radiological re-
sponse rate. Chan et al reported a study of 50 women with LABC 
who underwent PST using six cycles of chemotherapy (docetaxel, 
doxorubicin and cyclophosphamide) and incorporating PET-CT 
and breast MRI to assess accuracy of prediction of response [35]. 
This study found that MRI was the most accurate way of assess-
ing for residual disease after PST and it was suggested that MRI 
could be used to select patients for BCS. The BCT 2001: Breast 
MRI Evaluation is an observational study that aims to find out 
the best way to use breast MRI for women with early breast can-
cer and if it will improve treatment options and patient outcomes 
for these women [11]. The results from this study are not yet re-
ported. The investigation of MRI in PET LABRADOR remains 
relevant. 

Since the PET LABRADOR protocol was developed, the field 
of radiomics has emerged and the use of MRI and PET-CT as a 
biomarker for response to PST is an area of interest [36-38]. There 
is now interest in developing a machine learning model that clas-
sifies response to PST based on MRI or PET-CT features rather 
than biopsy, and that will be more sensitive to detecting patholog-
ic complete response (pCR) than current experience [39].  There 
is now early data supporting de-escalation of systemic therapy 
based on early PET-CT metabolic response for certain molecular 
sub-groups of breast cancer [40].  PET LABADOR will provide 
a unique prospective imaging data set pre-, during and post-PST, 
matched with biopsies during PST and histopathology after PST 
that will be sufficiently large to develop to develop a radiomics 
model for the prediction of pCR in LABC treated by PST, to val-
idate other models, or to combine with other models to improve 
them. Local expertise exists in radiomics and medical image data 
augmentation techniques for deep learning applications [41,42]. 
Post the development of this protocol, the COVID pandemic is 
projected to have an impact on recruitment to the study. 

Skin sparing mastectomy and oncoplastic techniques to extend 
the opportunity for breast conservation surgery are now more 
commonly available to women who have undergone PST for 

LABC [43,44]. However, the role of these techniques for LABC 
remains unclear [45] and the aims of PET LABRADOR remain 
current. 
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