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Simple Summary: Local ablative liver radiotherapy is increasingly being used in the setting of
metastatic disease, primarily to prevent local disease progression and potentially to improve pa-
tient survival. There is a paucity of data specifically reporting the role of liver-directed ablative
radiotherapy in metastatic breast cancer. The aim of this retrospective review was to report a single
institutional experience in the use of hypo-fractionated liver radiotherapy, patient and treatment
descriptors and treatment and disease outcomes. The study describes an excellent 1-year local control
rate (100%), with an acceptable acute side-effect profile. Size of liver metastases was predictive of
survival, with class of metastatic disease predictive for disease progression. Further prospective
studies are required to assess the impact of metastatic classification on the indication of local ablative
therapies, sequencing and outcomes post treatment in patients with metastatic breast cancer.

Abstract: Purpose: To retrospectively review the clinical outcomes of patients with metastatic breast
cancer (MBCa) following liver directed ablative intent radiotherapy (RT). Methods: Demographics,
disease and treatment characteristics of patients with MBCa who received liver metastasis (LM)
directed ablative RT between 2004–2020 were analysed. The primary outcome was local control (LC),
secondary outcomes included overall survival (OS) and progression-free survival (PFS) analyzed
by univariate (UVA) and multi-variable analysis (MVA). Results: Thirty MBCa patients with 50 LM
treated with 5–10 fraction RT were identified. Median follow-up was 14.6 (range 0.9–156.2) months.
Class of metastatic disease was described as induced (12 patients, 40%), repeat (15 patients, 50%)
and de novo (three patients, 10%). Median size of treated LM was 3.1 cm (range 1–8.8 cm) and
median biologically effective dose delivered was 122 (Q1–Q3; 98–174) Gy3. One-year LC rate was
100%. One year and two-year survival was 89% and 63%, respectively, with size of treated LM
predictive of OS (HR 1.35, p = 0.023) on UVA. Patients with induced OMD had a significantly higher
rate of progression (HR 4.77, p = 0.01) on UVA, trending to significance on MVA (HR 3.23, p = 0.051).
Conclusions: Hypo-fractionated ablative liver RT in patients with MBCa provides safe, tolerable
treatment with excellent LC.
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1. Introduction

The liver is the third most prevalent site of metastatic spread in breast cancer, preceded
by lung and bone [1]. Studies have shown such patients have poorer outcomes with a
median survival of 2 to 3 years [2] and 5-year overall survival (OS) rates of only 8.5% [1].

Advancements in cross-sectional and functional imaging have allowed for improved
identification of patients with limited metastatic disease. The literature describing outcomes
following local treatment of limited metastatic lesions reports mixed clinical outcomes [3–5].
Some studies suggest breast cancer patients with oligo-metastatic disease benefit more from
the use of ablative radiotherapy in comparison with other primary cancers [6,7], whilst two
recent breast-specific studies suggest the contrary [5,8]. The European Society of Radiation
Oncology (ESTRO)/European Organization of Research and Treatment of Cancer (EORTC)
metastatic classification system has defined metastatic groups which will likely aid in
streamlining clinical indications for treatment to better define the role of ablative RT in the
metastatic setting [9,10].

The objective of this retrospective cohort study is to describe the clinical outcomes
of patients with metastatic breast cancer (MBCa) who received hypo-fractionated liver
radiotherapy (RT).

2. Methods

Breast cancer patients with liver metastases who received liver hypo-fractionated RT
up to 10 fractions, between 2004 and 2020, were identified as part of a research ethics board
approved retrospective study. Metastatic disease was classified as per the ESTRO/EORTC
classification system [9]. The indication of treatment was classified as oligo-metastatic (OM;
patients with limited metastatic disease with all metastases receiving ablative therapy) or
oligo-progressive disease (OP; patients with widespread metastatic disease in the setting of
limited progressing lesions). Liver radiotherapy planning has been discussed in previous
publications [11,12]. Briefly, patients were simulated in a supine position with arms up on a
chest board. Fluoroscopy was performed to assess for suitable motion management. Motion
management options included active breathing control (ABC) in the exhale breath hold
position or free-breathing with or without abdominal compression using an MR compatible
belt. Patients underwent a multiphasic contrast-enhanced computed tomography (CT)
scan of the liver, which included a four-dimensional scan with 0% (inhale) and 60% (exhale)
phases if the patient was in free-breathing. Over time, a planning magnetic resonance
imaging (MRI) with T1 and T2 sequences in arterial, venous and delayed venous phases
were additionally used if a patient had no contraindications (i.e., pacemaker). Diagnostic
scans (CT and MRI) were imported and coregistered to the simulation scan on the treatment
planning system prior to contouring.

Gross tumour volume was contoured on the planning CT venous phase and if free-
breathing in the 0% and 60% breathing phases also, with a 0 mm margin added to form
the clinical target volume. In patients who underwent free-breathing simulation or used
abdominal compression, an internal target volume was created by merging CTV volumes
of all breathing phases. A planning target volume was created by adding a 5 mm isotropic
expansion of the ITV (or clinical target volume if no ITV used). Organs at risk were
contoured in the exhale phase dataset of the CT simulation scan.

Earlier plans were generated in Pinnacle (Elekta, Stockholm, Sweden), which was sub-
sequently replaced by RayStation Laboratories treatment planning system. Flattening filter-
free volumetric modulated arc therapy and intensity modulated radiation therapy were
used for treatment delivery. At time of treatment delivery, a bone match was performed fol-
lowed by a liver mask match. Patients were seen in the radiation oncologists review clinic
once weekly while receiving RT. Follow-up imaging was completed as per institutional
guidelines at 8–12 weeks post the final day of RT treatment then every 3–6 months.

Data collected from the electronic patient records and radiotherapy information system
(e.g., Mosaiq—Elekta, Stockholm, Sweden). The following parameters were recorded:
patient demographics, pathology, details on pre and post-RT systemic therapy, RT treatment
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details i.e., number of treated lesions, biologically effective dose (BED) of prescribed dose
and number of fractions. When there were multiple gross target volumes, radiotherapy
treatment details to the largest lesion were reported. An α/β ratio of 3 for local control,
generated and informed by the START Pilot, START A, FAST and FAST FORWARD trials,
was used for the biological equivalent dose (BED) calculation [13–15]. Information on
acute toxicities was collected and toxicity scoring was described as per the National Cancer
Institute-Common Terminology Criteria for Adverse Events version 4 (CTCAE) [16].

3. Outcomes and Statistical Analysis

The primary outcome was local control (LC) of the treated metastatic liver lesion
measured from the pre-RT diagnostic CT. Local failure was defined as enlargement of the
treated lesion measured on at least two consecutive computed tomography (CT) scans
or MRI post-radiotherapy within the planning target volume. Secondary outcomes were
progression-free survival (PFS)—defined as time to progression outside the treated field
(i.e., in the liver but outside of the planning target volume, regional nodes or distant sites),
OS and time to second-line systemic therapy post-liver hypo-fractionated RT.

Overall survival was calculated from completion of RT to the date of death or censored
at last follow-up, PFS was calculated from treatment completion to the date of progression
on imaging, date of death or last follow-up. For both time points, the hazard ratios (HR) and
95% confidence intervals (95% CI) were calculated using Cox proportional Hazards model.
Time to second-line systemic therapy post-RT was measured as the time to initiation of a
second-line systemic therapy from last day of RT calculated using the competing analysis
method and death considered a competing risk. Logistic regression analysis was performed
to assess for factors associated with OS, PFS and time to change of systemic therapy.
Factors included in the univariate analysis (UVA) were, molecular subtype, treatment
intent (OM/OP), EORTC classification (repeat; induced; de novo), lines of systemic therapy
pre ablative liver RT, size of largest metastatic liver lesion and BED3 (<100 Gy; >100 Gy).
Factors included in the multivariable analysis (MVA) of overall survival were treatment
intent and lines of systemic therapy pre ablative liver RT based on clinical judgment and
the commonly used rule of thumb of one variable per 10 patients. Additional variables
were included if they were significant on UVA with a p value of <0.05. Statistical analysis
was performed using the software package R v 3.4.2.

4. Results

Between June 2004 and October 2020, 30 patients with 50 liver metastases were treated
with hypo-fractionated RT. The median age was 55.6 (range 32.1–79.3) years, with 21 (70%)
patients having metastatic liver-only metastases at time of RT. Computed tomography
was used to stage 93% of patients, with only two patients undergoing MRI with primo-
vist contrast. The most common molecular subtype was Estrogen receptor (ER) positive
(+ve)/Her 2-receptor negative (−ve) (17, 57%). As per the EORTC classification system,
12 (40%) patients had induced, 15 (50%) repeat and three (10%) de novo (one synchronous,
two metachronous) oligo-metastatic disease (OMD). Oligo-progression (OP) of the liver
metastases was the indication for treatment in 22 (73%) patients. Median diameter of
the treated liver metastases was 3.15 (interquartile range {IQR} of 2.4–5.1) cm, median
number of treated metastases was one (range 1–5) and median prescribed BED delivered
was 122 (IQR of 97.9–174.3) Gy3 in 5–10 fractions. The most common number of fractions
was five (14 patients), with 13 patients treated in six fractions. Only three patients (10%)
received a ten fraction RT regimen (median BED3 112.5 Gy) (Table 1).
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Table 1. Patient, disease, and treatment characteristics.

Variable n = 30

Age

Median, years (range) 55.6 (32.1–79.3)

Eastern Cooperative Oncology Group (ECOG) Performance status

0 or 1 26 (87)
2 4 (13)

Histology 23 (77)

Invasive ductal carcinoma 4 (13)
Invasive lobular carcinoma Others 3 (10)

Molecular subtype

ER +ve/Her 2 −ve 17 (57)
ER +ve/Her 2 +ve 7 (23)
ER −ve/Her 2 +ve 2 (7)
ER −ve/Her 2 −ve 4 (13)

Number of initial metastatic sites

1 (Liver only) 21 (70)
2 6 (20)
3 3 (10)

Time from primary diagnosis to ablative radiotherapy to liver lesions

Median, months (Q1–Q3) 37.1 (18.5–73.3)
Number of treated liver metastases

Median (range) 1 (1–5)

Number of treated liver metastases (n = 50)

1 17
2 6
3 4
4 2
5 1

Metastatic classification

Induced OM 12 (40%)
Repeat OM 15 (50%)

De novo OM 3 (10%)

Lines of systemic therapy pre-ablative radiotherapy to liver lesions

Median (range) 2 (0–6)

Type of systemic therapy pre-ablative radiotherapy

Endocrine therapy 24
Anti Her 2 therapy 8

Systemic Chemotherapy 23
Cyclin Dependent Kinase 4/6 inhibitor 3

mTor inhibitors 2
Other targeted treatments 1

Initial diameter of largest metastatic lesion for treatment (cm)

Median (Q1–Q3) 3.15 (2.4–5.1)
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Table 1. Cont.

Variable n = 30

Treatment Indication

OP 22 (73)
OM 8 (27)

Systemic therapy post-ablative radiotherapy to liver lesions

Yes 28 (93)
No 1

Missing 1

Type of first-line systemic therapy post-ablative radiotherapy

Endocrine therapy 17
Acronyms—ER—Estrogen; +ve—positive; −ve—negative; OM—Oligometastases; OP—Oligoprogression;
RT—Radiotherapy; BED—Biological equivalent dose.

4.1. Outcomes Post-Hypo Fractionated Radiotherapy Treatment

Median follow-up for the entire cohort was 14.6 months (range 0.9–156.2 months).
The LC of treated metastatic lesions at 1 year was 100%. Only one local failure (patient
classified as induced OMD receiving treatment for OP) was identified at 40 months post-RT
in a patient who had ER/PR negative, HER2 positive breast cancer. This patient received
a BED3 of 93 Gy in 10 fractions and was still alive at the time of last follow-up (13-years
post-RT).

One year and two-year survival was 89% and 63% respectively. Larger size of treated
liver metastasis (>3 cm) was the only variable predictive of worse survival on UVA; however,
on MVA, it was not significant (p = 0.066) (Table 2).

Table 2. Univariate and Multivariable Analysis of Overall Survival.

Variable
Overall Survival

Univariate Analysis Multivariable Analysis

HR 95% CI p-Value HR 95% CI p-Value

Molecular subtype (ER +ve/Her 2 −ve Others)
1.03 0.33–3.22 0.96

Treatment Intent OM
OP 4.59 0.99–21.37 0.052 4.32 0.97–21.58 0.074

EORTC
classification

Repeat
Induced
De Novo

Reference
2.04
2.25

0.56–7.45
0.42–11.94 0.46 *

Lines of systemic therapy pre
ablative liver RT

1.36 0.93–1.98 0.11 0.92 0.58–1.45 0.72

Size of largest
metastatic liver lesion 1.35 1.04–1.75 0.023 1.34 0.98–1.84 0.066

BED3
<100
>100 1.27 0.27–6.09 0.76

Acronyms—ER—Estrogen; EORTC—European Organization for Research and Treatment of Cancer;
OM—Oligometastases; OP—Oligoprogression; RT—Radiotherapy; BED—Biological equivalent dose;
HR—Hazard ratio; CI—Confidence Interval. * Global p-value.
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Half of patients developed disease progression to other regional and distant sites
outside of the treated liver metastases, with a median time to progression post-RT of
4.8 months (range 0.8–1145 months). The majority were patients with induced OMD
(11 patients; 73%), followed by repeat (three patients; 20%) and de novo OMD (one patient;
7%). Oligo-progression was the most common indication for liver RT in patients who
subsequently developed further disease progression (80%). The most common sites of
distant failure were lung 33% (five of 15) and bone 27% (four of 15). Other sites included
brain, lymph nodes and omental metastases.

Classification of metastases and indication of treatment were the only variables sig-
nificantly associated with disease progression on UVA. Patients with induced OMD had a
statistically significant higher rate of progression (HR 4.77, p = 0.01) on UVA compared to
others, which trended to significance on MVA (HR 3.23, p = 0.051). Disease progression
outside of the treated liver was more likely in patients where the indication of treatment
was oligo-progression (HR 3.72, p = 0.044) (Tables 2 and 3).

Table 3. Univariate and Multivariable Analysis of Progression-Free Survival.

Variable
Progression Free Survival

Univariate Analysis Multivariable Analysis

HR 95% CI p-Value HR 95% CI p-Value

Molecular subtype (ER +ve/Her 2 −ve Others)
0.91 0.35–2.36 0.84

Treatment Intent OM
OP 3.72 1.04–13.3 0.044 3.27 0.67–16.01 0.14

EORTC
classification

Repeat
Induced
De Novo

reference
4.77
3.47

1.44–15.80
0.61–19.88 0.022 *

refer-
ence
3.23
6.75

0.95–10.96
1–45.38 0.051 *

Lines of systemic therapy pre
-ablative liver RT 1.29 0.95–1.75 0.10 1.14 0.76–1.69 0.53

Size of largest
metastatic liver lesion 1.14 0.93–1.39 0.21

BED3
<100
>100 0.39 0.14–1.06 0.066

Acronyms—ER—Estrogen; EORTC-European Organization for Research and Treatment of Cancer;
OM—Oligometastases; OP—Oligoprogression; RT—Radiotherapy; BED—Biological equivalent dose;
HR—Hazard ratio; CI—Confidence Interval. * Global p-value.

4.2. Pre-Hypo Fractionated RT and Post-Hypo Fractionated RT Systemic Treatment

All patients, but one, received some form of systemic therapy from initial diagnosis to
receipt of ablative liver RT (Table 1). The median lines of pre-ablative RT systemic therapy
received by all patients were two (range 0–6). Seventeen patients (56%) were switched
to next line systemic therapy post-liver RT, ten of whom had regional or distant disease
progression and seven without indication of progression. The median time to second-line
ST after RT was 9.9 (range 1–114) months. The median time for patients initiated on second-
line systemic therapy at disease progression having continued pre-RT systemic therapy was
5.4 (range 2–114) months in comparison with 19.1 (4.4–26.4) months for patients initiated
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on another ST at time of RT. No variable on UVA was predictive of switching to second-line
systemic therapy post-RT (Table 4).

Table 4. Univariate Analysis of Time to Next Line Systemic Therapy.

Variable
Time to Next Line Systemic Therapy

Univariate Analysis

HR 95% CI p-Value

Molecular subtype
ER +ve/Her 2 −ve

Others 0.85 0.32–2.23 0.74

EORTC classification
Repeat

Induced
De Novo

Reference
1.25
1.23

0.45–3.53
0.46–3.26 0.88 *

Lines of systemic therapy pre ablative
liver RT 1.27 0.99–1.64 0.057

Size of largest metastatic liver lesion 1.17 0.95–1.44 0.15

BED3
<100
>100 0.47 0.12–1.88 0.29

Treatment intent
OM
OP

Reference
1.27 0.51–3.17 0.6

Acronyms—ER—Estrogen; EORTC-European Organization for Research and Treatment of Cancer;
OM—Oligometastases; OP—Oligoprogression; RT—Radiotherapy; BED—Biological equivalent dose;
HR—Hazard ratio; CI—Confidence Interval. * Global p-value.

4.3. Acute and Late Toxicities

Acute grade 1 and 2 toxicities were reported in 20/30 (66%), with the most common
acute toxicities of nausea (68%) and fatigue (61%) reported. One patient developed an
acute CTCAE grade 3 RT-related gastric ulcer within 3 months of treatment confirmed
by endoscopy after presenting with hematemesis. The patient had two liver metastases
treated. One of the lesions was in segment three of the liver adjacent to the stomach and
was prescribed 30 Gy in five fractions every other day. The second smaller lesion in segment
six was prescribed 40 Gy in fiver fractions. An abdominal compression system was used
for motion management including image guidance for each treatment session. Prophylactic
proton pump inhibitors (PPIs) were prescribed during and after liver RT for this patient as
the metastasis was close to the stomach. The maximum dose to the stomach was 31 Gy and
a corresponding mean of 12 Gy. Gastritis was managed by medication alone with PPI and
the patient recovered clinically by the next follow-up. No late CTCAE grade 2 or higher
radiotherapy-related toxicities were recorded.

5. Discussion

Hypo-fractionated liver RT, regardless of metastatic classification, resulted in excellent
LC at 1-year of 100% of treated metastatic liver lesions. These outcomes are consistent with
current literature describing patients with metastatic breast cancer treated with liver SBRT,
reporting 1 and 2-year LC rates of 88–100% and 75–88%, respectively [17–19].

Similarly, one and two-year overall survival rates of 89% and 63% described in this
study were comparable to that reported in the literature [17–19]. The only significant
variable associated with worsened survival in this study was the size of the treated liver
metastases (>3 cm). Larger metastases have previously been associated with poorer LC
in patients with metastatic breast cancer receiving curative intent SBRT [20], attributed to
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an increased risk of micro-metastatic disease in patients with larger disease burden [21],
therefore increased risk of distant failure and poor survival.

About half of patients described developed early disease progression, with a median
PFS of 4.8 months though there was no difference by metastatic class (OM vs. OP). There is
a paucity of clinical data describing breast cancer patient outcomes as per ESTRO/EORTC
classification system. Induced oligo progression has been shown to be associated with
worse survival in non-breast cancer patients. [22]. Tan et al. retrospectively described a
cohort of 120 patients with metastatic breast cancer treated with SBRT to various anatomical
sites (24 patients had liver SBRT), noting a difference in OS and PFS in favour of patients
with OMD compared to OP disease [23]. These findings demonstrating a difference based
on metastatic classification suggest classification of metastatic disease should be routinely
considered in prospective studies assessing the role of ablative therapies in the management
of metastatic disease to guide suitable patient selection.

In patients with induced OMD, we noted that in our study these patients had a higher
rate of distant progression compared to patients with repeat or de novo OMD. This is
unsurprising as such patients are likely at higher risk of relapse given a history of prior
poly-metastatic disease, compared to those without, and are more likely to have had
multiple lines of systemic therapy which may result in a greater propensity for future clonal
resistance. The recent phase IIR NRG BR002 trial [5] included non-classified oligo-metastatic
breast cancer patients defined as patients with four or less extra-cranial metastatic lesions.
Patients were required to have a controlled primary and had to be on standard of care ST
for ≤12 months prior to enrolment. The study compared ablative therapy (93% SBRT, 7%
surgery) to all lesions with ST versus ST alone. They reported a 2-year PFS of 46.8% [5] with
no difference in median PFS in patients who received the combination arm compared to ST
alone (19.5 vs. 23 months, p = 0.92). Acknowledging our study is retrospective, therefore, a
different study design, the mixed findings highlight the need for trials with pre-defined
subgroups to inform which cohort of breast cancer patients may benefit from ablative
therapy in the setting of limited metastases and further inform sequencing with ST.

Oligo-progression was the most common treatment indication in this study (73%).
This group of patients is commonly defined as having widespread metastatic disease with
a limited number of metastases progressing on systemic therapy and are less well studied
with unanswered questions on the right timing to initiate systemic therapy [24]. The
CURB study [8], a prospective randomized breast cancer study that treated patients with
≤5 progressing metastatic lesions with standard-of-care ST with or without SBRT, found
no difference in median PFS between patients who received SBRT (n = 24) and those who
did not (n = 23) (18 vs. 19 weeks, p = 0.47). One reason may be that patients with OP
disease are often heavily pretreated with systemic therapies and harbour radioresistant
clones resulting in inferior LC post-ablative RT [25]. Patients with OP in our study received
more lines of pre-RT systemic therapy compared to patients with OMD, but this did not
appear to affect LC rates. A common clinical indication for ablative RT in patients with OP
disease is to delay start of next line ST, especially in the setting of limited lines of ST. In
this cohort, some patients were switched to another ST in the immediate period after RT
and had a longer interval of time to switch to second-line ST post-RT compared to those
switched at time of progression after continuing pre-RT systemic therapy.

Breast cancer is generally recognized as a radiosensitive disease; however, there is
limited data on the impact of molecular subtypes on radiosensitivity. With the recently up-
dated TNM staging accounting for molecular classification, it has not yet been established
if radiotherapy should be altered to account for the potential variation in biology. Evi-
dence supporting dose escalation in the setting of K-RAS mutant colorectal [26–30] cancer
suggests intrinsic biology matters; however, neither molecular subtype or BED >100 Gy3
impacted primary or secondary outcomes in this retrospective review. It is poorly under-
stood how different molecular subtypes respond to RT [31]. Yard et al. described breast
cancer cell lines with elevated ERBB2, being associated with radiation resistance prior to
Her 2 targeted systemic therapy introduction [32]. Subsequent studies have shown that
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trastuzumab, sensitises breast cancer cells to radiation by enhancing radiation induced
apoptosis conferring radiosensitivity which ultimately translates to superior LC [33]. The
small subset of Her 2 positive patients precluded a meaningful analysis to compare with
findings from precedent studies described.

Radiation dose is an established predictor of local control [34], and in this study
local control was excellent regardless of dose received. In a study by Klement et al. who
investigated tumour control in patients with liver metastases receiving SBRT found that
compared with other histology, breast cancer had the strongest relationship between LC
and largest BED (using an alpha/beta 10) [25]. Conversely, Tan et al., found no association
between BED (using an alpha/beta 3) or molecular subtype with local control in breast
cancer patients receiving SBRT to extracranial metastases [23].

Toxicity rates described are comparable to those reported in literature, with no acute
or late CTCAE grade 4 or 5 toxicities and only one patient developing a CTCAE grade 3 GI
toxicity (gastric ulcer) [17]. On review the patient had two liver lesions were treated, dose
volume constraints met standard criteria and appropriate premedication was prescribed
as per institutional guidelines. However, this highlights the need to remain cognizant
of potential treatment-related side effects in patients receiving liver SBRT. Adoption of
advanced technology, such as daily adaptive planning with the MRI linear accelerator may
be an appropriate measure for lesions in dose-limiting locations close to organs at risk.

Due to its retrospective nature, this study has limitations which include the presence
of missing data, reporting bias, selection bias and confounders such as use of pre- and
post-ablation systemic therapy and evolving systemic treatment options during the study
period. Additionally, heterogeneity of molecular subtype, dose/fractionation and lack
of specificity in systemic therapy data (actual sequencing of type of systemic therapy by
molecular subtype and duration on a specific therapy) limits interpretation of findings
in clinical practice but rather guides on areas of study to focus on. The treatment of the
other distant sites in nine patients was not explored and when they were multiple targets,
radiotherapy treatment details to the largest lesion were the only one reported. Additionally,
over the past two decades (during which these patients were treated), there have been
many changes to how patients are clinically managed, such as radiological staging (CT vs.
MRI) and systemic therapies.

Several interesting questions have been brought forward regarding the evolution
of the integration of ablative RT in the setting of metastatic breast cancer. It is apparent
on literature review that there is a paucity of data describing patients with breast cancer
according to the different classes of metastatic disease, indications of treatment, systemic
therapies and molecular subtypes [35]. Such variables should guide future studies with the
aim to better prognosticate patients [36] who could benefit from ablative radiotherapy and
optimum sequencing with evolving modern systemic therapies [37], aiding clinician and
patient decision making.

6. Conclusions

Hypo-fractionated ablative liver radiotherapy in patients with MBCa provides safe,
tolerable treatment with excellent 1 year LC. Further studies are needed to identify patients,
with MBCa according to metastatic class, who might benefit from ablative RT.

Author Contributions: Conceptualisation, J.H., L.A.D. and A.B.; data curation, M.M. and A.B.;
investigation, M.M. and A.B.; methodology, M.M., J.H., J.W., K.A. and A.B.; supervision, A.B.;
writing—original draft, M.M., J.H., L.A.D., R.K.S.W., A.H., J.K., J.B., J.W., C.A.K., K.A., P.L., T.S. and
A.B.; writing—review & editing, M.M., J.H., L.A.D., R.K.S.W., A.H., J.K., J.B., J.W., C.A.K., K.A., P.L.,
T.S. and A.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial or not-for-profit sectors.



Cancers 2023, 15, 2839 10 of 11

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of University
Health Network/Princess Margaret Cancer Centre (protocol code 07-0849).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the
study, approved by the research ethics board as above.

Data Availability Statement: Data is available on request from the reporting institution.

Acknowledgments: Elizabeth Guimond and Tim Craig who both had no role in study design, data
collection, data analysis, data interpretation or writing of the report, but guided in clarifying technical
details on treatment information.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ji, L.; Cheng, L.; Zhu, X.; Gao, Y.; Fan, L.; Wang, Z. Risk and prognostic factors of breast cancer with liver metastases. BMC Cancer

2021, 21, 1–15. [CrossRef]
2. Rashid, N.S.; Grible, J.M.; Clevenger, C.V.; Harrell, J.C. Breast cancer Liver metastases: Current and future treatment approaches.

Clin. Exp. Metastasis 2021, 38, 263–277. [CrossRef]
3. Fabian, A.; Pyschny, F.; Krug, D. Local consolidative therapy vs. maintenance therapy or observation for patients with

oligometastatic non-small-cell lung cancer: Long-term results of a multi-institutional, phase II, randomized study. Strahlenther.
Onkol. 2019, 195, 1113–1115. [CrossRef] [PubMed]

4. Palma, D.A.; Olson, R.; Harrow, S.; Gaede, S.; Louie, A.V.; Haasbeek, C.; Mulroy, L.; Lock, M.; Rodrigues, P.G.B.; Yaremko, B.P.;
et al. Stereotactic ablative radiotherapy versus standard of care palliative treatment in patients with oligometastatic cancers
(SABR-COMET): A randomised, phase 2, open-label trial. Lancet 2019, 393, 2051–2058. [CrossRef] [PubMed]

5. Chmura, S.J. NRG-BR002 trial: Adding ablation to systemic therapy fails to boost PFS in oligometastatic breast cancer. In
Proceedings of the 2022 ASCO Meeting, Chicago, IL, USA, 2–5 June 2022.

6. Poon, I.; Erler, D.; Dagan, R.; Redmond, K.J.; Foote, M.; Badellino, S.; Biswas, T.; Louie, A.V.; Lee, Y.; Atenafu, E.G.; et al.
Evaluation of Definitive Stereotactic Body Radiotherapy and Outcomes in Adults With Extracranial Oligometastasis. JAMA Netw.
Open 2020, 3, e2026312. [CrossRef] [PubMed]

7. Yoo, G.S.; Yu, J.I.; Park, W.; Huh, S.J.; Choi, D.H. Prognostic factors in breast cancer with extracranial oligometastases and the
appropriate role of radiation therapy. Radiat. Oncol. J. 2015, 33, 301–309. [CrossRef] [PubMed]

8. Highly Focused Radiation May Curb Oligoprogression. Cancer Discov. 2022, 12, 8–9. [CrossRef]
9. Guckenberger, M.; Lievens, Y.; Bouma, A.B.; Collette, L.; Dekker, A.; Nandita, M.D.; Dingemans, A.M.C.; Fournier, B.; Hurkmans,

C.; Lecouvet, F.E.; et al. Review Characterisation and classification of oligometastatic disease: A European Society for Radiotherapy
and Oncology and European Organisation for Research and Treatment of Cancer consensus recommendation. Lancet Oncol. 2020,
21, e18–e28. [CrossRef]

10. Lievens, Y.; Guckenberger, M.; Gomez, D.; Hoyer, M.; Iyengar, P.; Kindts, I.; Romero, A.M.; Nevens, D.; Palma, D.; Park, C.; et al.
Defining oligometastatic disease from a radiation oncology perspective: An ESTRO-ASTRO consensus document. Radiother.
Oncol. 2020, 148, 157–166. [CrossRef]

11. Dawson, L.A.; Eccles, C.; Craig, T. Individualized image guided iso-NTCP based liver cancer SBRT Individualized image guided
iso-NTCP based liver cancer SBRT. Acta Oncol. 2006, 45, 856–864. [CrossRef]

12. Lee, M.T.; Kim, J.J.; Dinniwell, R.; Brierley, J.; Lockwood, G.; Wong, R.; Cummings, B.; Ringash, J.; Tse, R.V.; Knox, J.J.; et al. Phase
I Study of Individualized Stereotactic Body Radiotherapy of Liver Metastases. J. Clin. Oncol. 2022, 27, 1585–1591. [CrossRef]
[PubMed]

13. Haviland, J.S.; Owen, J.R.; Dewar, J.A.; Agrawal, R.K.; Barrett, J.; Barrett-Lee, P.J.; Dobbs, H.J.; Hopwood, P.; Lawton, P.A.; Magee,
B.J.; et al. The UK Standardisation of Breast Radiotherapy (START) trials of radiotherapy hypofractionation for treatment of
early breast cancer: 10-year follow-up results of two randomised controlled trials. Lancet Oncol. 2013, 14, 1086–1094. [CrossRef]
[PubMed]

14. Murray Brunt, A.; Haviland, J.S.; Wheatley, D.A.; Sydenham, M.A.; Alhasso, A.; Bloomfield, D.J.; Chan, C.; Churn, M.; Cleator,
S.; Coles, C.E.; et al. Hypofractionated breast radiotherapy for 1 week versus 3 weeks (FAST-Forward): 5-year efficacy and late
normal tissue effects results from a multicentre, non-inferiority, randomised, phase 3 trial. Lancet 2020, 395, 1613–1626. [CrossRef]
[PubMed]

15. Trialists, T.S. The UK Standardisation of Breast Radiotherapy (START) Trial A of radiotherapy hypofractionation for treatment of
early breast cancer: A randomised trial. Lancet Oncol. 2008, 9, 331–341.

16. U.S. Department of Health and Human Services; National Institutes of Health; National Cancer Institute. Common Terminology
Criteria for Adverse Events (CTCAE); U.S. Department of Health and Human Services: Washington, DC, USA, 2009.

17. Onal, C.; Guler, O.C.; Yildirim, B.A. Treatment outcomes of breast cancer liver metastasis treated with stereotactic body
radiotherapy. Breast 2018, 42, 150–156. [CrossRef]

https://doi.org/10.1186/s12885-021-07968-5
https://doi.org/10.1007/s10585-021-10080-4
https://doi.org/10.1007/s00066-019-01528-4
https://www.ncbi.nlm.nih.gov/pubmed/31637448
https://doi.org/10.1016/S0140-6736(18)32487-5
https://www.ncbi.nlm.nih.gov/pubmed/30982687
https://doi.org/10.1001/jamanetworkopen.2020.26312
https://www.ncbi.nlm.nih.gov/pubmed/33196810
https://doi.org/10.3857/roj.2015.33.4.301
https://www.ncbi.nlm.nih.gov/pubmed/26756030
https://doi.org/10.1158/2159-8290.CD-NB2021-0400
https://doi.org/10.1016/S1470-2045(19)30718-1
https://doi.org/10.1016/j.radonc.2020.04.003
https://doi.org/10.1080/02841860600936369
https://doi.org/10.1200/JCO.2008.20.0600
https://www.ncbi.nlm.nih.gov/pubmed/19255313
https://doi.org/10.1016/S1470-2045(13)70386-3
https://www.ncbi.nlm.nih.gov/pubmed/24055415
https://doi.org/10.1016/S0140-6736(20)30932-6
https://www.ncbi.nlm.nih.gov/pubmed/32580883
https://doi.org/10.1016/j.breast.2018.09.006


Cancers 2023, 15, 2839 11 of 11

18. Mahadevan, A.; Blanck, O.; Lanciano, R.; Peddada, A.; Sundararaman, S.; D’ambrosio, D.; Sharma, S.; Perry, D.; Kolker, J.;
Davis, J. Stereotactic Body Radiotherapy (SBRT) for liver metastasis—Clinical outcomes from the international multi-institutional
RSSearch® Patient Registry. Radiat. Oncol. 2018, 13, 1–11. [CrossRef]

19. Scorsetti, M.; Franceschini, D.; De Rose, F.; Comito, T.; Franzese, C.; Masci, G.; Torrisi, R.; Viganò, L.; Torzilli, G. The role of SBRT
in oligometastatic patients with liver metastases from breast cancer. Rep. Pr. Oncol. Radiother. 2016, 22, 163–169. [CrossRef]

20. Milano, M.T.; Zhang, H.; Metcalfe, S.K.; Muhs, A.G.; Okunieff, P. Oligometastatic breast cancer treated with curative-intent
stereotactic body radiation therapy. Breast Cancer Res. Treat. 2008, 115, 601–608. [CrossRef]

21. Majidpoor, J.; Mortezaee, K. Steps in metastasis: An updated review. Med Oncol. 2021, 38, 1–17. [CrossRef]
22. Chen, H.-J.; Tu, C.-Y.; Hsia, T.-C.; Fang, H.-Y.; Chen, C.-H.; Chen, S.-C.; Li, C.-H.; Liao, Y.-M.; Hsieh, C.-Y.; Lein, M.-Y.; et al.

Prognostic Significance of Oligometastatic Disease Classification by the ESTRO/EORTC of Cancer for Patients with Lung Cancer
Treated with Definitive Radical Radiotherapy. Anticancer. Res. 2020, 40, 5895–5899. [CrossRef]

23. Tan, H.; Cheung, P.; Louie, A.V.; Myrehaug, S.; Niglas, M.; Atenafu, E.G.; Chu, W.; Chung, H.T.; Poon, I.; Sahgal, A.; et al.
Outcomes of extra-cranial stereotactic body radiotherapy for metastatic breast cancer: Treatment indication matters. Radiother.
Oncol. 2021, 161, 159–165. [CrossRef] [PubMed]

24. Patel, P.H.; Palma, D.; Mcdonald, F.; Tree, A.C. The Dandelion Dilemma Revisited for Oligoprogression: Treat the Whole Lawn or
Weed Selectively? Clin. Oncol. 2019, 31, 824–833. [CrossRef] [PubMed]

25. Klement, R.; Guckenberger, M.; Alheid, H.; Allgäuer, M.; Becker, G.; Blanck, O.; Boda-Heggemann, J.; Brunner, T.; Duma, M.;
Gerum, S.; et al. Stereotactic body radiotherapy for oligo-metastatic liver disease—Influence of pre-treatment chemotherapy and
histology on local tumor control. Radiother. Oncol. 2017, 123, 227–233. [CrossRef] [PubMed]

26. Jingu, K.; Matsuo, Y.; Onishi, H.; Yamamoto, T.; Aoki, M.; Murakami, Y.; Yamashita, H.; Kakuhara, H.; Nemoto, K.; Sakayauchi, T.;
et al. Dose Escalation Improves Outcome in Stereotactic Body Radiotherapy for Pulmonary Oligometastases from Colorectal
Cancer. Anticancer. Res. 2017, 37, 2709–2713. [PubMed]

27. Klement, R.J.; Abbasi-Senger, N.; Adebahr, S.; Alheid, H.; Allgaeuer, M.; Becker, G.; Blanck, O.; Boda-Heggemann, J.; Brunner, T.;
Duma, M.; et al. The impact of local control on overall survival after stereotactic body radiotherapy for liver and lung metastases
from colorectal cancer: A combined analysis of 388 patients with 500 metastases. BMC Cancer 2019, 19, 1–12. [CrossRef]

28. Birrer, D.L.; Tschuor, C.; Reiner, C.S.; Fritsch, R.; Pfammatter, T.; Schüler, H.G.; Pavic, M.; De Oliveira, M.; Petrowsky, H.;
Dutkowski, P.; et al. Multimodal treatment strategies for colorectal liver metastases. Swiss Med. Wkly. 2021, 151, w20390.
[CrossRef]

29. Thompson, R.; Cheung, P.; Chu, W.; Myrehaug, S.; Poon, I.; Sahgal, A.; Soliman, H.; Tseng, C.-L.; Wong, S.; Ung, Y.; et al.
Outcomes of extra-cranial stereotactic body radiotherapy for metastatic colorectal cancer: Dose and site of metastases matter.
Radiother. Oncol. 2020, 142, 236–245. [CrossRef]

30. Nicosia, L.; Cuccia, F.; Mazzola, R.; Ricchetti, F.; Figlia, V.; Giaj-Levra, N.; Rigo, M.; Tomasini, D.; Pasinetti, N.; Corradini, S.; et al.
Disease course of lung oligometastatic colorectal cancer treated with stereotactic body radiotherapy. Strahlenther. Onkol. 2020, 196,
813–820. [CrossRef]

31. Langlands, F.E.; Horgan, K.; Ddodwell, D.; Smith, L. Breast cancer subtypes: Response to radiotherapy and potential radiosensiti-
sation. Br. J. Radiol. 2013, 86, 1–10. [CrossRef]

32. Kim, J.; Kwon, J.; Kim, M.; Do, J.; Lee, D.; Han, H. Low-dielectric-constant polyimide aerogel composite films with low water
uptake. Polym. J. 2016, 48, 829–834. [CrossRef]

33. Liang, K.; Lu, Y.; Jin, W.; Ang, K.K.; Milas, L.; Fan, Z. Sensitization of breast cancer cells to radiation by trastuzumab. Mol. Cancer
Ther. 2003, 2, 1113–1120. [PubMed]

34. Chappell, R.; Nondahl, D.M.; Fowler, J.F. Modeling Dose and Local Control in Radiotherapy. J. Am. Stat. Assoc. 1995, 90, 829–838.
[CrossRef]

35. Prat, A.; Pineda, E.; Adamo, B.; Galván, P.; Fernández, A.; Gaba, L.; Díez, M.; Viladot, M.; Arance, A.; Muñoz, M. Clinical
implications of the intrinsic molecular subtypes of breast cancer. Breast 2015, 24, 26–35. [CrossRef]

36. Nevens, D.; Jongen, A.; Kindts, I.; Billiet, C.; Deseyne, P.; Joye, I.; Lievens, Y.; Guckenberger, M. Completeness of Reporting
Oligometastatic Disease Characteristics in the Literature and Influence on Oligometastatic Disease Classification Using the
ESTRO/EORTC Nomenclature. Int. J. Radiat. Oncol. 2022, 114, 587–595. [CrossRef] [PubMed]

37. Pal, S.K.; DeHaven, M.; Nelson, R.A.; Onami, S.; Hsu, J.; Waliany, S.; Kruper, L.; Mortimer, J. Impact of modern chemotherapy on
the survival of women presenting with de novo metastatic breast cancer. BMC Cancer 2012, 12, 435. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13014-018-0969-2
https://doi.org/10.1016/j.rpor.2016.07.008
https://doi.org/10.1007/s10549-008-0157-4
https://doi.org/10.1007/s12032-020-01447-w
https://doi.org/10.21873/anticanres.14609
https://doi.org/10.1016/j.radonc.2021.06.012
https://www.ncbi.nlm.nih.gov/pubmed/34119585
https://doi.org/10.1016/j.clon.2019.05.015
https://www.ncbi.nlm.nih.gov/pubmed/31182289
https://doi.org/10.1016/j.radonc.2017.01.013
https://www.ncbi.nlm.nih.gov/pubmed/28274491
https://www.ncbi.nlm.nih.gov/pubmed/28476849
https://doi.org/10.1186/s12885-019-5362-5
https://doi.org/10.4414/smw.2021.20390
https://doi.org/10.1016/j.radonc.2019.08.018
https://doi.org/10.1007/s00066-020-01627-7
https://doi.org/10.1259/bjr.20120601
https://doi.org/10.1038/pj.2016.37
https://www.ncbi.nlm.nih.gov/pubmed/14617784
https://doi.org/10.1080/01621459.1995.10476581
https://doi.org/10.1016/j.breast.2015.07.008
https://doi.org/10.1016/j.ijrobp.2022.06.067
https://www.ncbi.nlm.nih.gov/pubmed/35738308
https://doi.org/10.1186/1471-2407-12-435

	Introduction 
	Methods 
	Outcomes and Statistical Analysis 
	Results 
	Outcomes Post-Hypo Fractionated Radiotherapy Treatment 
	Pre-Hypo Fractionated RT and Post-Hypo Fractionated RT Systemic Treatment 
	Acute and Late Toxicities 

	Discussion 
	Conclusions 
	References

