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Abstract
Background: The enhanced knowledge of cancer biology has led to considerable advancement in systemic
therapy for advanced breast cancer. Recently, studies showed that cyclin-dependent kinase (CDK) 4/6 inhibitor,
when added to endocrine therapy, had improved the outcomes of patients with advanced ER-positive HER2negative breast cancer. However, the disease often progresses following a period of treatment response. In a subset
of patients, disease progression may occur at limited sites, i.e., oligoprogressive disease (OPD). In the past few years,
stereotactic radiotherapy (SRT) has emerged as a safe and effective treatment for advanced cancer when delivered
to limited metastatic sites. Hence, it is worth investigating the role of SRT in the setting of oligoprogressive breast
cancer.
Method: AVATAR is a multicentre phase II registry trial of SRT with endocrine therapy and CDK 4/6 inhibitor for the
management of advanced ER-positive HER2-negative breast cancer. The study aims to enrol 32 patients with OPD
limited to 5 lesions. The primary endpoint of the study is time to change systemic therapy measured from the
commencement of SRT to change in systemic therapy. Secondary objectives include overall survival, progression
free survival and treatment related toxicity. The exploratory objective is to describe the time to change in systemic
therapy by the site (bone only vs. non-bone lesions) and number (1 vs. > 1) of OPD.
Discussion: This study aims to explore the effect of SRT in maximising the benefit of systemic therapy in patients
with oligoprogressive ER-positive HER2-negative breast cancer. This approach might help reduce the burden of
disease and improve the life quality in these patients.
Trial registration: ACTRN, ACTRN12620001212943. Date of registration 16 November 2020- Retrospectively
registered.
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Background
Most patients with ER-positive HER2-negative advanced
breast cancer commence on endocrine treatment combined with targeted therapy; reserving chemotherapy for
patients with rapidly progressive disease or severe organ
dysfunction. Endocrine treatment is therefore deemed
the backbone of systemic therapy for most patients with
ER-positive HER2-negative advanced breast cancer.
However, a major challenge that limits the efficacy of
this therapy is the occurrence of acquired resistance that
leads to the progression of metastatic disease.
Rationale for AI and CDK 4/6 inhibitors

The elucidation of endocrine resistance mechanisms has
made it possible to identify new therapeutic targets that
can be suppressed by agents such as cyclin-dependent
kinase (CDK) 4/6 inhibitors [1]. The current preferred
first line therapy for most patients with ER-positive
HER2-negative advanced breast cancer is therefore
endocrine therapy combined with a CDK 4/6 inhibitor.
Several randomised controlled trials (MONALEESA-2,
MONALEESA-7, PALOMA-2 and MONARCH-3) have
shown an improvement in progression-free survival
using this treatment combination [2–7]. Despite these
significant advancements in breast cancer therapy, patients often develop disease progression necessitating the
need for different strategies to improve the outcomes of
these patients.
Management of Oligoprogressive Disease

Oligoprogressive disease (OPD) is a new term that
has emerged recently to describe a state in which a
tumour progresses at few sites (usually 1–5 sites)
while other sites remain stable or continue to respond
to systemic therapy [8]. Several studies have described
OPD in various cancer types [9–13], and Kelly et al.
[14] systematically characterised the pattern of disease
progression for patients with ER-positive advanced
breast cancer receiving endocrine therapy. This study
identified a subset of breast cancer patients who
exhibit OPD with approximately 31% of patients
showing progression (while on endocrine therapy) at
< 4 sites. This situation frequently occurs in clinical
practice with the extensive use of targeted therapy
that may potentiate the evolution of drug-resistant
subclones resulting in widespread resistance [8, 15].
Management of OPD can be challenging; however, different treatment approaches are emerging, including (1)
switching systemic therapy; (2) maintaining the same
line of systemic therapy if there is low burden disease
progression; (3) using local ablative radiotherapy while
maintaining the same systemic therapy [16]. Lately, there
has been a growing interest in the use of ablative radiotherapy in the management of OPD. Indeed, several
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retrospective studies of patients with EGFR and or ALK
mutation non-small cell lung cancer (NSCLC) treated
with local ablative therapy and continued treatment with
targeted therapy resulted in improved progression-free
survival [17–20]. Similarly, a prospective study of stereotactic ablative radiotherapy in combination with erlotinib
in patients with advanced NSCLC resulted in median
progression-free and overall survival of 14.7 and 20.4
months, respectively [21]. Although Kelly et al. [14]
reported that 61% of the patients identified with apparent OPD would have been suitable for ablative radiotherapy, to our knowledge, there is a paucity of data
about ablative radiotherapy in oligoprogressive breast
cancer.
Considerable research attention is being directed
toward using local ablative radiotherapy in the management of OPD. A trial of stereotactic ablative body radiotherapy (SABR) is currently enrolling patients with
oligoprogressive breast or lung cancer (NCT03808662).
In this phase II study, 160 patients will be randomised to
receive SABR to all OPD up to 5 lesions or standard of
care which include chemotherapy or targeted therapy.
This study aims to examine the role of SABR as a consolidative treatment for patients with limited OPD. The
HALT trial (NCT03256981) is a phase II/III trial of
SABR in patients with oncogenic driver mutation advanced lung cancer and OPD in three sites. Eligible patients will be randomised in a 2:1 ratio to receive SABR
to all OPD and Tyrosine Kinase Inhibitor (TKI) or TKI
alone. The primary outcome is progression-free survival
(PFS) [22]. The STOP trial (NCT02756793) is a phase II
study of patients with advanced NSCLC and OPD in up
to 5 lesions. Patients in this study will receive standard
of care therapy with or without SABR to all OPD. A
phase II study of stereotactic radiotherapy (SRT) for
OPD in up to 5 sites in patients with advanced renal cell
carcinoma is ongoing (NCT02019576). Patients enrolled
in this study will continue to receive targeted therapy.
The primary endpoint of this study is 1-year local control and secondary endpoints are PFS and toxicity [23].
Also, the TRAP trial (NCT03644303) is a phase II
single-arm study of SABR to OPD in advanced castrateresistant prostate cancer. Patients will be eligible for the
study if they have OPD in ≤2 sites and is limited to the
prostate, lymph nodes, bones and lung. The primary
endpoint is PFS and secondary endpoints include local
control, overall survival (OS), toxicity and time to
change to the next line of therapy [8].
Stereotactic radiotherapy (SRT)

SABR and stereotactic radiosurgery (SRS) are advanced
radiotherapy techniques that involve the delivery of high
dose radiotherapy to the tumour while minimising irradiation of the surrounding normal structures [24–27].
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SRS is typically delivered in single fraction while SABR
is usually administered over several days. In this protocol, SRT refers to SABR and SRS.
SRT is an effective, low toxicity option for ablative
management of oligo-metastases with local control >
90% and very rare grade 3 toxicities [28–30]. The NRGBR001 is a phase I study of 42 patients with oligometastases, 13 of whom had breast primary, showed that
SABR to 4 metastases or 2 nearby metastases is a safe
treatment [31]. It is therefore rational to use SRT to ablate the progressing disease sites in oligoprogressive cancer in an attempt to eliminate the resistant sub-clones
and to enable the continued efficacy of the systemic
therapy –an AI combined with CDK 4/6 inhibitor in the
present study.
The purpose of this study is to determine if SRT to
five or fewer OPD sites extends the time patients with
advanced ER positive HER2 negative breast cancer are
treated with an AI combined with CDK 4/6 inhibitor, i.e.
extends the time these patients are treated with the
current line systemic therapy. Furthermore, this study
will evaluate the impact of this treatment regimen on
progression free and overall survival. The clinical implications of this study are particularly important given the
potential for patients treated with SRT to maintain their
quality of life by delaying the use of more toxic treatment for small volume progressive disease.

Methods/design
AVATAR is a multicentre phase II registry-based study
designed to assess the time to change in systemic therapy in patients with oligoprogressive breast cancer receiving an AI in combination with a CDK 4/6 inhibitor,
after SRT to all oligoprogressive lesions. Secondary aims
include overall survival, progression free survival and
treatment-related toxicity.
Patients must have evidence of response to AI and
CDK 4/6 inhibitor for a minimum of 6 months prior to
study entry (defined as either stable disease or partial
response).
Patients will receive SRT to all sites of OPD while continuing on AI and CDK 4/6 inhibitors. Study schema is
shown in Fig. 1.
Number of sites

The study will be activated in 8–12 sites across Australia
that have the capabilities of delivering SRT. The Trans
Tasman Radiation Oncology Group (TROG) will assess
the suitability of each radiotherapy centre via a facility
questionnaire.
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or study completion. The study will be considered closed
after all patients had a minimum of 2 years of follow-up
or died. It is anticipated that this study will run for approximately 4 years. Participants who do not commence
SRT within 28 days of enrolment will be replaced until
32 patients commence SRT.
Primary objective

The primary objective of this study is to describe the
time to change in systemic therapy after SRT in patients
with ER-positive HER2-negative advanced breast cancer
receiving an AI in combination with a CDK 4/6 inhibitor
who have up to 5 sites of OPD.
Secondary objective

The secondary objectives of this study are to describe:
1. Overall survival (OS)
2. Progression free survival (PFS).
3. Treatment related toxicity.
Exploratory objective

The exploratory objective of this study is to describe the
time to change in systemic therapy by the following:
1. Site of metastatic disease (bone only vs. non-bone
lesions).
2. Number of oligoprogressive lesions (1 vs. > 1).
Primary endpoint
 Time to change or cessation of systemic therapy (AI

+ CDK 4/6 inhibitor), defined as the time from
commencement of SRT to change in systemic
therapy due to any of the following events:
a. Clinically symptomatic progression requiring
tumour specific palliative intervention e.g.
change or cessation of anti-cancer systemic
treatment, palliative radiotherapy as determined
by treating doctor.
b. Development of new lesions or progression of
existing lesions such that they do not meet the
criteria for SRT.
c. Development of > 3 new or progressing lesions.
d. Cessation of either agent (AI + CDK 4/6
inhibitor) for more than 1 month due to any
cause.
e. Development of progression in less than 6
months.

Estimated study duration

It is anticipated that 32 eligible patients will be recruited
over 2 years. All participants will be followed until death

Progression will be assessed at 3-month intervals for a
period of 24 months.

Alomran et al. BMC Cancer

(2021) 21:303

Page 4 of 9

Fig. 1 AVATAR study schema

Secondary endpoints
 OS assessed from date of commencement of SRT to

the date of death from any cause.
 PFS assessed from date of commencement of SRT to
date of first evidence of progression or death by any
cause. Progression is defined as:
a. Clinically symptomatic progression requiring
tumour specific palliative intervention e.g.
change or cessation of anti-cancer systemic
treatment, palliative radiotherapy as determined
by treating doctor.
b. Development of new lesions or progression of
existing lesions.
 Treatment related toxicity using the NCI Common
Terminology for Adverse Events Version 5.0
(CTCAE v5.0).
Source of participants

Potential participants will be identified from oncology
clinics and Multi-Disciplinary meetings.

Inclusion criteria

1. Male or female, > 18 years of age.
2. Patients with histologically proven ER-positive,
HER2-negative advanced breast cancer receiving an
AI in combination with a CDK 4/6 inhibitor. Biopsy
of metastatic disease if technically feasible but not
mandatory.
3. Patients must have evidence of extracranial
metastatic disease with or without intracranial
metastases.
4. Radiological evidence of stable or responding
disease to an AI in combination with a CDK 4/6
inhibitor for a period of at least 6 months prior to
study entry. (Patient must have ongoing stability/
response in at least one lesion at the time of
registration).
5. Evidence of new or existing OPD in 1–5 lesions.
With reference to RECIST 1.1 [32] and or PERCIST
1.0 [33], OPD is defined as follow:
a. Using CT for intracranial or extracranial OPD:
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i.

> 5 mm increase in the diameter of an
existing lesion OR
ii. > 20% increase in the diameter of an existing
lesion on 2 consecutive imaging studies at
least 2 months apart OR
iii. The appearance of one or more new soft
tissue lesions, measuring > 5 mm.
b. Using Positron Emission Tomography for
extracranial OPD:
i. > 30% increase in 18F-FDG SUV peak, with
> 0.8 SUV units increase in tumour SUV
from the baseline scan in pattern typical of
tumour and not of infection/treatment effect
OR
ii. New 18F-FDG avid lesions typical of cancer
(including new bone lesion) and unrelated to
treatment effect and/or infection.
6. For patients with liver or lung metastases,
maximum of 3 oligoprogressive lesions in single
organ.
7. All OPD must be amenable to SRT.
a. Patients with risk of bone fracture are not
candidate for SRT
8. For patients with intracranial metastases, SRT is the
preferred treatment option, however, if clinical
assessment indicated that upfront surgery is better,
then post-operative SRT to the surgical cavity is
recommended.
9. ECOG performance status 0–2.
10. Life expectancy ≥6 months.
11. Provision of written informed consent.
12. Clinician and participant are willing to continue
current line of therapy.

Exclusion criteria

1. Pregnancy or lactation at the time of study entry.
2. Evidence of more than one clone of metastatic disease
e.g. ER-positive and ER-negative and or HER2-positive
disease. (To exclude those with some ER-positive and
some TNBC or HER2-positive disease).
3. Evidence of Leptomeningeal disease.
4. Evidence of Malignant cord compression.
5. Previous chemotherapy for metastatic disease
(chemotherapy for primary breast cancer is
allowed).
6. Contraindication to radiotherapy.
7. Previous radiotherapy in which the treated area
planned to receive treatment is greater or equal to
EQD2 40 Gy.
8. Previous SRT to an oligoprogressive lesion.
9. Any condition deeming the patient unsuitable to
comply with the study.
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Participation in other clinical trials

Patients must not be enrolled on other clinical trials involving anticancer treatment, without the agreement of
the Coordinating Principal Investigators (CPIs) of both
studies, and if the other study has a therapeutic intervention, the patient must be beyond the primary endpoint of that trial and not continuing to receive study
treatment.
Registration

REDCap application will be used to develop the study
database to collect patient information. The database
will be used to collect patient information directly without using paper CRFs.
Intervention
Dose prescription and fractionation

Table 1 shows different fractionation schedule based on
SABR-COMET-10 protocol [34]. Biologically effective
dose (BED) is calculated assuming α/β of 4. Preferred
fractionation schedule is 20 Gy in single fraction when
feasible. However, alternate fractionation can be considered as per the treating radiation oncologist.
Treatment timelines

Patients must commence SRT within 28 days of study
registration.
Patients must complete all SRT treatments within 21
days period. SRT treatment should be delivered during
CDK4/6 inhibitor week off if feasible.
The treating doctor should ensure that patients stop
their CDK4/6 inhibitor at least 3 days prior to their
commencement of SRT. Once the radiation is complete,
patients can resume their CDK4/6 inhibitor 3 days later.
Target volumes
 Gross Tumour Volume (GTV): GTV include the

gross tumour as determined by imaging using CT or
MRI or PET/CT.
 Internal Gross Tumour Volume (iGTV): Depends
on tumour location. The iGTV encompass GTV in
motion and contoured using MIP.
 Clinical Target Volume (CTV): Margin to account
for microscopic disease depends on tumour location.
 Planning Target Volume (PTV): Uniform expansion
on CTV. PTV = CTV + 1–5 mm margin.
Organs at risks (OARs)

OAR dose constraints are based on the SABR-COMET
trial protocol [34].
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Table 1 Dose prescription and fractionation to be used for patients on the AVATAR study
Preferred dose (Gy)

Number of fractions

BED4 (Gy)

Acceptable range Doses (Gy)

BED4 (Gy)

Frequency

20

1

120

16–24

80–168

–

30

3

105

24–33

72–123.75

Daily

35

5

96.25

25–40

56.25–120

Daily

Quality assurance

Quality assurance of radiotherapy will be conducted by
TROG via site questionnaire.

 Evidence of OPD in 1–3 sites.
 Evidence of progression ≥6 months period.
 All oligoprogressive lesions are amenable for SRT.

Reirradiation with SRT to a previously treated lesion
is not permitted.

Study assessments
Schedule of assessments

All study assessments must be performed once the patient has provided informed consent for study participation as shown in Table 2.

Patients who do not meet the abovementioned criteria
will be deemed to have progressive disease and will no
longer be followed as per the trial protocol.

Three monthly follow-up

Safety reporting
Adverse events

Patients will be followed at 3 monthly intervals. At each
visit, the investigator will assess the patient for the
following:
– ECOG Performance status.
– Tumour Evaluation:
◦ CT Chest, Abdomen and Pelvis OR FDG PET/
CT (Investigator to keep imaging consistent for
each patient).
◦ For patients who have had a bone scan showing
progressive disease without CT changes, FDG
PET/CT is recommended to confirm progression.
◦ High contrast CT or MRI brain (if clinically
indicated).
◦ MRI spine (if clinically indicated).
– Treatment related toxicity assessment as per NCI
CTCAE v5.0

An Adverse event (AE) is any unfavourable effect in a
patient or research participant offered a medical treatment or intervention that does not necessarily have a
causal association with this treatment or intervention.
Reporting of adverse events

AEs will be reported as part of the clinical registry and
will include the name of the adverse event, the worst
grade, causality and whether it is related to study
treatment.
Statistical considerations
Analysis population

All eligible patients registered to the study who commenced study treatment. Patients who did not commence treatment will be replaced.

Management of Further Progression

Statistical methods

Upon further progression, a patient can be candidate for
further SRT to all oligoprogressive sites if all the following criteria are met:

Descriptive statistics of baseline characteristics of all
treated patients will be reported. Continuous variables
will be described as mean, standard deviation, median,
interquartile range, minimum and maximum, and qualitative variables will be described as counts and percentages. Unless stated otherwise, the calculation of
proportions will not include the missing category in the
denominator. No imputation for missing value is
intended and all confidence intervals provided will be
95% two-sided, unless stated otherwise.
Time to change in systemic therapy, PFS and OS curves
will be described using Kaplan-Meier methods. The curves
will be presented with 95% confidence intervals. Estimates
at key time points (e.g. 6 and 12 months) and median times
will also be provided with respective 95% confidence interval. An event history plot will also be provided. A cut-off
date for follow-up will be determined at the time of

Table 2 AVATAR schedule of assessments
Baseline
Informed consent

Every 12
weeks

X

Medical History

X

ECOG performance status

X

CT chest, abdomen and pelvis or FDG PET/CT
confirming oligoprogressive disease

X

X

Tumour Evaluation

X

Treatment-related toxicity assessment

X

Switching/cessation of systemic therapy

X

Further Stereotactic radiotherapy

X
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analysis. The cut-off date will be chosen to enable data on
follow-up to that date to be collected, where possible, on all
living patients. All events occurring after this date will be
ignored in the analysis in order to minimise reporting bias.
Safety will be assessed using CTCAE v5.0 and the
maximum toxicity grade per patient of each adverse
event will be derived and presented in table format. The
number of patients who suffer from grade 3 or higher
toxicities (for each toxicity type and overall) will be
provided.
Sample size

We consider SRT to not provide a clinically meaningful
benefit in this setting if ≥75% of patients require a
change in systemic therapy within 6 months of enrolment (i.e. < 25% of patients remain on AI + CDK 4/6
inhibitor 6 months after SRT). The percentage of
patients requiring a change to therapy at 6 months is expected to be 50%. With those assumptions, 32 patients
will allow the rejection of the null hypothesis of 25% if
the true rate is 50% with > 80% power and 2.5% one
sided alpha assuming up to 3 patients may not be evaluable (censored) for the primary endpoint.
Analysis plan

Only one analysis is planned for the study. The analysis
will be performed at the completion of the study assessing all trial endpoints.
Confidentiality

All information relating to study participants must be
handled with strict professional confidence. Identifiers of
any study participants should not be disclosed to anyone
not directly involved in the study or the clinical care of
that participant.
Data protection

All data collected for study purposes will be securely stored
on central servers, the WEHI, or per local institutional requirements. Access to the study data will be restricted to
trial staff. In addition, Site Trial Coordinators will only have
access to their own centre’s data. At the Trial Coordinating
Centre, a password system will be utilized to control access
to the trial database, and only those staff members working
on this study will be allocated access to this trial. All reports
prepared will be prepared such that no individual subject
can be identified. All trial data required for the monitoring
and analysis of the study must be completed and entered
on the REDCap eCRF. Data corrections will be performed
according to the instructions provided. It is the responsibility of investigational sites to maintain all source documents
related to the trial which may include hospital records, the
investigator’s participant study files, and the results of investigations such as blood tests and imaging.
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The following information must be documented in the
participant’s medical record:
a. The participant’s protocol identification
b. The participant number and the date of
participation in study
c. A notation that informed consent was obtained and
the date of the consent
d. Medical history
e. Dates of all participant visits and results of essential
trial parameters
f. Occurrence and status of any AEs
g. The date the participant exited the study. In
addition, a note indicating if the participant
completed the study or discontinued it and the
cause of discontinuation
All study-related documentation at sites will be maintained for at least 15 years following completion of the
study.

Discussion
Nearly one third of patients with ER-positive advanced
breast cancer will develop OPD while on endocrine
therapy [14]. However, OPD is expected to be encountered more frequently in the clinic with the increased
use of endocrine therapy combined with CDK 4/6
inhibitor that could trigger resistance and disease progression [8, 15]. Therefore, SRT may be a promising
treatment modality to overcome resistant breast cancer
without significant toxicity.
AVATAR is a multicentre phase II registry trial that
aims to examine the SRT’s role as a treatment option for
patients with oligoprogressive ER-positive HER2negative advanced breast cancer. This study aims to
accrue 32 patients and examine the impact of SRT on
maximizing the benefit of systemic therapy, overall survival, progression free survival and toxicity.
Limitations of this study include the small sample size
and single-arm design. Furthermore, the assessment of
further progression following treatment intervention will
not be based on RECEIST 1.1 or PERCIST 1.0 criteria.
The results of this study will help design a phase III
study in the future and improve our knowledge about
oligoprogressive breast cancer.
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