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Purpose/Objective: Oligometastatic disease (OMD) and oligoprogressive disease
(OPD) describe tumor states with a limited metastasization. In contrast to other disease
states, treatment of OMD or OPD has not yet become common for breast cancer. We
sought to understand the outcomes and toxicities of this treatment paradigm.

Material/Methods: \We retrospectively analyzed female breast cancer patients with
OMD (<3 metastases) or OPD (1 progressive lesion) who received stereotactic body
radiotherapy (SBRT) for their respective extracranial metastatic lesions between 01/2002
and 07/2019. Survival analysis was performed using the Kaplan-Meier method with
log-rank test being used for evaluation of significance. Cox regression was used to detect
prognostic outcome factors. Toxicity was evaluated using the Common Terminology
Criteria for Adverse Events (CTCAE v. 5.0).

Results: Forty-six patients (70% OMD; 30% OPD) with 58 lesions met criteria for
inclusion. The majority of treatments (34 out of 58; 58.6%) were delivered from 2017
to 2018. Treatment sites were bone, liver, lung [n = 19 (33%) for each site], and
adrenal gland [n = 1 (1%)]. Median biologically effective dose (BED at a/f = 10) was
81.6 Gy (range: 45-112.5 Gy) and median planning target volume was 36.60 mL (range:
3.76-311.00mL). At 2 years, local control (LC) was 89%, distant control (DC) was 44%,
progression free survival (PFS) was 17% and overall survival (OS) was 62%. Multivariate
analysis identified the diagnosis of a solitary metastasis as an independent prognostic
factor for superior DC (HR = 0.186, CI [0.055; 0.626], p = 0.007) and PFS (HR = 0.363,
Cl [0.152; 0.863], p = 0.022). OS was independently inferior for patients treated at a
higher age (HR = 5.788, CI [1.077; 31.119] p = 0.041). Nine (15.5%) grade I° and one
(1.7%) grade lI° toxicities were recorded, with no grade IlI° or higher toxicities.
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Conclusion:

Extracranial SBRT in breast cancer patients with OMD or OPD was

well-tolerated with excellent LC. SBRT should especially be offered to younger OMD
and OPD breast cancer patients with only one metastasis. The increase in utilization since
2017 points toward a growing acceptance of SBRT for OMD and OPD in breast cancer.

Keywords: oligometastatic, oligoprogression, stereotactic body radiotherapy (SBRT), breast cancer, local control,
progression free survival, distant control, overall survival

BACKGROUND AND PURPOSE

The concept of oligometastatic disease (OMD) was first described
by Weichselbaum and Hellman during the 1990s (1). Up to
10% of patients with metastatic breast cancer are thought to
belong to this category (2). Recent studies defined OMD as a
maximum of five present metastases (3-5). A few years after the
initial description of OMD, surgical metastasectomy emerged as
a promising treatment modality (6). A non-invasive alternative to
treat limited metastases is stereotactic body radiotherapy (SBRT),
which has been proven effective and well-tolerated during the
last decade (7-10). SBRT allows to deliver high ablative radiation
doses, while sparing surrounding normal tissue. Two recently
published randomized controlled Phase-II trials, one of them
including 20% breast cancer patients (SABR-COMET trial),
could demonstrate, that local therapy of metastases in patients
with OMD leads to a prolonged progression free survival (PFS)
and even increases overall survival (OS) (11, 12). Moreover,
Wong et al. demonstrated in a study with a similar design
(61 patients; 12% breast cancer histology), that breast cancer
histology was the strongest positive prognostic factor for local
control (LC), PFS and OS (13). It was already shown during
the first pilot studies in this field, that breast cancer patients
benefit significantly better from ablative radiation of their
oligometastases than any other primary tumor (14).

On the contrary, the concept of oligoprogressive disease
(OPD) describes a widespread tumor stage, where usually up to
five metastases are progressive after systemic therapy. In times of
emerging targeted therapies and immunotherapies the concept
of OPD gains importance as few resistant subclones leading to
progression of solitary metastases are observed more frequently
(15). OMD and OPD are not well-established as disease concepts
for breast cancer patients, in contrast to other tumor entities. On
the contrary, the recent 8th edition of the TNM classification
of lung cancer describes a M-subgroup for patients with OMD
(16). There is no such subclassification in breast cancer patients
with OMD (17). This is a surprising fact, considering a 10 year
OS of up to 75% in breast cancer patients with single bone
metastases which surmounts the OS of many other tumors, even
in their early stage (4). A survey of Canadian medical oncologists
revealed that 65% would rather start systemic therapy in breast
cancer patients with OMD, than even consider a SBRT at all (18).
As SBRT for oligometastatic breast cancer patients is a relatively
new disease concept, most studies in this area only include a small
number of patients and mostly consist of only one specific (5) or
predominant (19-21) location of metastases. Additionally, OPD
patients are not represented in these studies.

The aim of the study was therefore to evaluate outcome
and prognostic factors following SBRT in oligometastatic and
oligoprogressive breast cancer patients.

METHODS

Patient and Treatment Characteristics

We retrospectively analyzed female breast cancer patients treated
with ablative SBRT for their extracranial metastases in the
Department of Radiation Oncology at Heidelberg University
Hospital from 01/2002 to 07/2019. Patients were excluded from
the study if they were not treated with SBRT, but with palliative
intent or palliative doses. SBRT was defined as an ablative dose
with single fraction doses > 4 Gy and number of fractions < 10.

SBRT was performed if patients were either classified
inoperable, technically or medically, or refused surgical resection.
At our center, patients with brain metastases are only
treated with SBRT for extracranial metastases under special
circumstances (e.g., excellent performance status and completed
whole brain radiotherapy).

A 4D computed tomography (CT) scan with 3mm slice
thickness was used for treatment planning except for bone
metastases. Furthermore, contrast-enhanced CT scans were
applied for target delineation in all patients except for the
ones who were treated with SBRT for bone metastases.
When available, diagnostic magnetic resonance (MR) images or
positron emission tomography (PET) scans were additionally
used for target volume delineation. For lesions in the lower
lung, an abdominal compression device was used. Patients
were positioned in an individually shaped vacuum mattress.
Number of fractions and single-fraction doses were adjusted
to size and location of the metastases. Lung metastases were
classified to be peripheral or central according to the RTOG
definition (22, 23). Before 2012, lung SBRT was performed with
a single fraction of 24-30 Gray (Gy) prescribed to the 90-
95% isodose line. From 2012 on, peripheral lung metastases
were treated with three fractions of 15-18 Gy, prescribed to
the minimum 65% isodose covering at least 95% of the PTV.
Central lesions received eight fractions of 7.5Gy prescribed
to the minimum 80% isodose line covering at least 95% of
the PTV and very central lesions (<2cm distance to main
bronchus) 10 fractions of 5Gy to the 95% isodose. The
same fractionation schemes were applied to liver and adrenal
metastases. Bone metastases received three fractions of 9 Gy,
prescribed to the minimum 80% isodose covering at least 95%
of the PTV. Before 2012, a single fraction of 24 Gy was used,
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TABLE 1 | Analysis of patient characteristics at initial diagnosis.

TABLE 2 | Analysis of patient characteristics at time of or after SBRT.

Estrogen positive 35 76.0%
Progesterone positive 29 63.0%
Her2/neu rich 8 20.5% (n = 39)
“Triple negative” 3 7.7% (n = 39)
Well-differentiated (G1) 2 4.9% (n = 41)
Moderately differentiated (G2) 25 61.0% (n = 41)
Poorly differentiated (G3) 14 34.1% (n = 41)
Histology

Ductal 15 39.5% (n = 38)
Lobular 15.8% (n = 38)
Ductolobular 1 2.6% (n = 38)
Not otherwise specified 16 42.1% (n = 38)

UICC stage at initial diagnosis

Early stage (I-l) 22 47.8%
Locally advanced (Ill) 9 19.6%
Metastatic disease (IV) 15 32.6%
Initial chemotherapy 33 71.7%
- Neoadjuvant 18 54.5%
- Adjuvant 15 32.6%
- Anthracycline/cyclophosph-amide/taxane based 18 54.5%
- Plus anti Her2/neu agent 7 21.2%
Initial surgery 46 100%
Breast conserving surgery 24 52.2%
Mastectomy 22 47.8%
Axillary dissection 34 73.9%

prescribed to the minimum 80% isodose covering at least 95%
of the PTV.

The biologically effective dose (BED) was used to compare
treatment schemes with the clinical result. An «/f ratio of 10 Gy
was assumed for the metastases. BED was calculated using the
linear-quadratic model (24).

BED (Gy) = fractional dose

. fractional dose
x number of fractions | 1+ ————

a/B

Endpoints and Statistical Methods

LC, distant control (DC), PFS and OS were calculated starting
from the last day of SBRT. In this study, LC refers to
the high dose area surrounding the irradiated metastases.
Recurrences anywhere else where classified as distant failure.
LC was calculated based on each lesion. DC, PFS and OS were
calculated per patient. Toxicity was evaluated using the Common
Terminology Criteria for Adverse Events (CTCAE v. 5.0).

First follow-up was performed 6 to 8 weeks after completion
of the SBRT with a clinical examination as well as a contrast
fluid CT or MRI scan of the irradiated area. Further follow-
up was done according to German guidelines and regularly
included a contrast-enhanced CT scan of the thorax/abdomen
every 3 months.

LC, DC, PFS and OS were estimated using the Kaplan-Meier
method. Survival curves were compared between groups in an

Median age 55 years Range 27-82
years

Median Karnofsky Score 90% Range 70-100%

Median time from initial diagnosis to 43 months Range

metastasization* 5.4-265.0
months

<3 metastases in total (=oligometastatic) 32 70.0%

>3 metastases in total, but 1 progressive 14 30.0%

(=oligoprogressive)

Any metastases in other organs 16 34.8%

- Bone 9 56.3%

- Liver 4 25.0%

- Brain 1 6.3%

- Bone, liver, brain 1 6.3%

- Bone, liver, lung, lymphatic 1 6.3%

Chemotherapy within 4 weeks before SBRT 8 17.4%

Chemotherapy within 4 weeks after SBRT 7 156.2%

Number of SBRT lesions

One 37 80.4%

Two 8 17.4%

Three 1 1.7%

SBRT, stereotactic body radiotherapy.
*excluding patients with synchronous metastasization.

univariate analysis applying the log-rank test or cox regression
analysis. Multivariate cox models were performed including all
variables with p <0.1 from univariate analysis. A p < 0.05 was
considered statistically significant. All statistical analyses were
performed with SPSS software (IBM SPSS Version 24.0).

This retrospective study was approved by the Ethics
committee of the University Hospital Heidelberg (Reference
number: S-855/2019).

RESULTS

Most patients had early stage breast cancer at primary diagnosis
(47.8%) and received neoadjuvant or adjuvant chemotherapy
(71.7%), mainly anthracycline/cyclophosphamide/taxane based
regimes. All patients had a controlled or recently resected
primary tumor, with adequate adjuvant radiotherapy of the
breast or chest wall according to current national guidelines
(25-27). Further patient characteristics are shown in Table 1.
Table 2 illustrates patient characteristics at time of the respective
SBRT. Median age at time of SBRT was 55 years (range
27-82), with a median time from primary diagnosis to
development of metastases of 43.0 months (range 5.4-265.0). The
majority of patients had oligometastatic disease (70%), with a
maximum of three present and therefore irradiated metastases
in this subgroup. Oligoprogressive patients (30%) had had one
progressive lesion which was treated with SBRT. Lung, liver and
bone were equally represented as SBRT organs (each 33%), with
a single case of a metastasis in the adrenal gland (1%). All 14
OPD patients also had stable metastases in further organs, and
two OMD patients received SBRT in two different organs. In
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TABLE 3 | Analysis of the SBRT lesions.

Localization of SBRT lesion

- Bone 19 32.8%
- Lung 19 32.8%
- Liver 19 32.8%
- Adrenal gland 1 2.0%
Histological sample taken from metastasis 3 5.2%
SBRT lesions progressive in planning CT scan 6 10.3%
Median prescribed total dose 28Gy Range 24-60 Gy
Median fractions 3 Range 1-10
Median dose inhomogeneity 80% Range 65-100%
Median EQD2 (a/p = 10) 68.8Gy Range 40.0-93.4 Gy
Median BED (a/B = 10) 81.6Gy Range 45-112.5 Gy
BED (/p = 10) >100 Gy 25 43.1%
PTV volume median Range 3.8-311.0
36.6mL mL
Result in first follow-up
Complete remission 1 1.7%
Partial remission 21 36.2%
Stable disease 34 58.6%
Progressive disease 2 3.4%
Toxicity CTC I° 15.5%
Toxicity CTC II° 1 1.7%

BED, biologically effective dose; CTC, Common Terminology Criteria; PTV, planning target
volume; SBRT, stereotactic body radiotherapy.

total, 16 patients (34.8%; Table 2) had metastases in more than
one organ. Within 4 weeks prior to SBRT, 27 patients (58.7%)
received endocrine therapy, nine patients (19.5%) received
anti-Her2/neu treatment and eight patients (17.4%) received
chemotherapy (taxan n = 3; vinca alkaloid n = 2; capecitabine,
pegylated liposomal doxorubicin, carboplatin/gemcitabine, each
n = 1). Within 4 weeks after SBRT, 26 patients (56.5%)
received endocrine therapy, nine patients (19.5%) received
anti-Her2/neu treatment and seven patients (15.2%) received
chemotherapy (vinca alkaloid n = 3; capecitabine, pegylated
liposomal doxorubicin, carboplatin/gemcitabine, carboplatin,
each n = 1). No significant difference in terms of acute toxicity
was found in patients, who had received chemotherapy prior to
or after SBRT (p = 0.823). Table 3 describes details of the SBRT
treatment and toxicities. Median prescribed total dose was 28 Gy
(range 24-60) applied in a median of three fractions (range 1-
10) resulting in a median biologically effective dose of 81.6 Gy
(range 45.0-112.5Gy). Overall response rate was 96.6%, with
two progressive SBRT lesions (3.4%) in the first follow-up. Nine
(15.5%) grade I° toxicities were documented after first follow-up,
namely pneumonitis (n = 4), reflux esophagitis, abdominal pain,
nausea, fatigue and liver edema (each n = 1). One (1.7%) grade
II° pneumonitis was described. No grade ITI° or higher toxicities
were reported. Toxicity as well as LC, DC, PFS, and OS were
not significantly different before the year 2012, when single dose
SBRT was used (p > 0.05).

Median clinical follow-up was 21 months (range 2.4-93.0).
During the analyzed period from 01/2002 to 07/2019, the
majority of patient (58.6%) was treated recently, beginning in the
year 2017 (Figure 1).

20

number

() 1]
2002 2003 2004 2005 2006 2008 2011 2014 2015 2016 2017 2018 3§
ul
201%

SBRT courses per year

FIGURE 1 | Stereotactic body radiotherapy (SBRT) courses per year.

Local Control

Four out of 58 lesions (6.9%) recurred during follow-up period
with 1 and 2 year LC of 92.2% and 88.5% (Figure 2A). Univariate
analysis (Table 4) revealed Karnofsky Performance Score (KPS)
(HR = 0.840, CI [0.721; 0.977], p = 0.024) and estrogen receptor
positivity (HR = 0.098, CI [0.010; 0.946], p = 0.045; Figure 3A)
as positive prognostic factors, whereas OPD was associated with
worse local control (HR = 11.234, CI [1.159; 108.877], p = 0.037;
Figure 3B) as well as chemotherapy 4 weeks before or after SBRT
(HR = 14.149, CI [1.461;137.050], p = 0.022). After adjusting for
potential confounding variables on multivariate analysis, none of
the aforementioned variables stayed significant (Table 5).

Distant Control

Twenty out of 46 patients (43.5%) were diagnosed with
progression distant to the SBRT lesion during follow-up. One
and 2 year DC rates were 68.6% and 43.9% (Figure 2B). KPS
(HR = 0.932, CI [0.884; 0.990], p = 0.020) and bone metastases
as the SBRT treating site (HR = 0.225, CI [0.065; 0.775], p =
0.018; Figure 3C) appeared to be significant favorable prognostic
factors in univariate analysis (Table 4), with the overall number
of one metastasis at borderline significance level (HR = 0.371,
CI [0.134; 1.025], p = 0.056). Patients with higher KPS (HR =
0.918, CI [0.850; 0.992], p = 0.030) and a solitary metastasis
(HR = 0.186, CI [0.055; 0.626], p = 0.007; Figure 3D) were
at significantly lower risk of developing distant progression in
multivariate analysis (Table 5).

Progression Free Survival

During follow-up, 28 progressions or deaths occurred (60.9%).
One and 2 year PFS rates were 54.3 and 16.6% (Figure 2C). KPS
(HR = 0.932, CI [0.888; 0.977], p = 0.004), estrogen receptor
positivity (HR = 0.449, CI [0.204; 0.985], p = 0.046) and bone
metastases as SBRT lesions (HR = 0.172, CI [0.051; 0.573], p =
0.004) were shown to be positive prognostic factors in univariate
analysis, with single metastasis at borderline significance level
(HR = 0.491, CI [0.219; 1.101], p = 0.084) and a higher BED as
a significant unfavorable factor (HR = 1.019, CI [1.001; 1.036], p
= 0.035). In multivariate analysis, only bone metastases as SBRT
target (HR = 0.022, CI [0.001; 0.351, p = 0.007; Figure 4A) and
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FIGURE 2 | Kaplan-Meier curves; Local control (A), distant control (B), progression free survival (C), and overall survival (D).

TABLE 4 | Univariate analysis of prognostic factors influencing LC, DC, PFS, and OS.

Lc DC PFS 0s

Factors HR 95%-Cl p HR 95%-Cl p HR 95%-Cl p HR 95%-Cl p

Age above 55 years 0.358 [0.000; 80.068] 0.358 2.370 [0.962;5.840] 0.061 1.803 [0.823;3.949] 0.141 2.618 [1.030;6.653] 0.043
Karnofsky Performance Score ~ 0.840  [0.721;0.977] 0.024 0.932 [0.884;0.990] 0.020 0.932 [0.888;0.977] 0.004 0.962 [0.910;1.017] 0.170
Estrogen receptor positive 0.098 [0.010;0.946] 0.045 0.384 [0.140;1.049] 0.062 0.449 [0.204;0.985] 0.046 0.587 [0.242;1.426] 0.239
Her2/neu receptor rich 3.812 [0.533;27.256] 0.182 1.969 [0.669;5.798] 0.219 1.878 [0.669;5.274] 0.232 0.158 [0.020;1.270] 0.083
Grading G3 1.204 [1.204; 11.623] 0.872 1.556 [0.580;4.173] 0.380 1.775 [0.757;4.163] 0.187 3.751 [1.169; 12.044] 0.026
SBRT target = bone metastasis ~ 0.019 [0.000; 66.083] 0.347 0.225 [0.065;0.775] 0.018 0.172 [0.051;0.573] 0.004 0.117 [0.015;0.886] 0.038
Number of metastases=1 0.019 [0.000; 71.124] 0.347 0.371 [0.134;1.025] 0.056 0.491 [0.219;1.101] 0.084 0.916 [0.378;2.223] 0.847
Oligoprogressive disease 11.234 [1.159; 108.877] 0.087 1.644 [0.656;4.118] 0.289 1.806 [0.813;4.011] 0.746 1.834 [0.753;4.467] 0.182
BED (a/p = 10) 1.010 [0.971;1.049] 0.630 1.076 [0.997;1.035] 0.109 1.019 [1.001;1.036] 0.035 1.025 [1.000;1.051] 0.046
PTV volume at least 37mL 1.618 [0.226; 11.500] 0.887 0.392 [0.572;3.383] 0.466 1583 [0.724;3.460] 0.250 3.199 [1.157;8.847] 0.025

Chemotherapy within 4 weeks 14.149 [1.461; 137.050] 0.022 1.534 [0.553;4.252] 0.411 1.625 [0.679;3.883] 0.275 0.644 [0.214;1.941] 0.434
before or after SBRT

BED, biologically effective dose; Cl, confidence interval; DC, distant control; HR, hazard ratio; LC, local control; OS, overall survival; PFS, progression free survival; PTV, planning target
volume; SBRT, stereotactic body radiotherapy. The variables BED (o/B = 10) and Karnofsky Performance Score were continuous variables, all other were analyzed as categorical
variables. For Her2/neu receptor rich, data was missing for 7 patients and 5 patients had missing data on Grading G3. Bold and italic values indicate p < 0.1. Bold, italic, and underlined
values indicate p < 0.05.

a solitary metastasis (HR = 0.363, CI [0.152; 0.863], p = 0.022;  6.653], p = 0.043), tumor grading G3 (HR = 3.751, CI [1.169;

Figure 4B) remained as significant favorable factors (Table 5). 12.044], p = 0.026; Figure 4C), higher BED (HR = 1.025, CI
. [1.000; 1.051], p = 0.046), and PTV volume >37mL (HR = 3.199,
Overall Survival CI [1.157; 8.847], p = 0.025) as significant unfavorable factors

Twenty-two patients (47.8%) died during follow-up time. One  influencing OS. Bony lesions as SBRT target was identified a
and 2 year OS were 85.4 and 62.1% (Figure 2D). Univariate  favorable prognostic factor (HR = 0.117, CI [0.015; 0.886], p =
analysis revealed age over 55 years (HR = 2.618, CI [1.030;  0.038; Figure 4D). In multivariate analysis, only age over 55 years
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FIGURE 3 | Kaplan-Meier curves; local control depending on estrogen receptor positivity (A; p = 0.045) and oligoprogressive disease (B; p = 0.037); distant control
depending on the irradiation site (C; p = 0.018) and present metastases (D; p = 0.056).

TABLE 5 | Multivariate analysis of prognostic factors influencing LC, DC, PFS, and OS.

LC DC PFS 0s
Factors HR 95%-ClI P HR 95%-ClI P HR 95%-ClI p HR 95%-ClI P
Age above 55 years 2.627 [0.970;7.118] 0.057 5.788 [1.077;31.119] 0.041
Karnofsky Performance Score 0.985 [0.774;1.253] 0.900 0.918 [0.850;0.992] 0.080 0.950 [0.891;1.012] 0.712
Estrogen receptor positive 0.198 [0.009; 4.308] 0.303 1.838 [0.524;6.440] 0.342 2.005 [0.688;5.848] 0.203
Her2/neu receptor rich 1.090 [0.096; 12.437] 0.944
Grading G3 1.321 [0.328;5.320] 0.695
SBRT target = bone metastasis 0.272 [0.072;1.030] 0.055 0.022 [0.001;0.351] 0.007 0.849 [0.057;12.585] 0.905
Number of metastases = 1 0.186 [0.055; 0.626] 0.007 0.363 [0.152;0.863] 0.022
Oligoprogressive disease 3.044 [0.210; 44.028] 0.414
BED (a/B = 10) 0.965 [0.923;1.008] 0.712 1.023 [0.966; 1.083] 0.438
PTV volume at least 37 mL 3.493 [0.846; 14.425] 0.084

Chemotherapy within 4 weeks
before or after SBRT

6.904 [0.377;126.476] 0.193

BED, biologically effective dose; Cl, confidence interval; DC, distant control; HR: hazard ratio; LC, local control; OS, overall survival; PFS, progression free survival; PTV, planning target
volume; SBRT, stereotactic body radiotherapy. The variables BED (o/B = 10) and Karnofsky Performance Score were continuous variables, all other were analyzed as categorical
variables. For Her2/neu receptor rich, data was missing for 7 patients and 5 patients had missing data on Grading G3. Bold and italic values indicate p < 0.1. Bold, italic, and underlined
values indicate p < 0.05.
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FIGURE 4 | Kaplan-Meier curves; progression free survival depending on the irradiation site (A; p = 0.004) and present metastases (B; p = 0.084); overall survival
depending on tumor grading (C; p = 0.026) and on irradiation site (D; p = 0.038).

stayed significant (HR = 5.788, CI [1.077; 31.119], p = 0.041;
Table 5).

DISCUSSION

In this retrospective study consisting of 46 patients who
received ablative SBRT for their 58 extracranial metastases,
we sought to describe outcome patterns in comparison to
the resulting toxicity and searched for prognostic factors.
Our findings resemble the statement concluded in a review
by Dorota Kwapisz, that the ideal patients for SBRT in
oligometastatic or oligoprogressive breast cancer are young,
have a good performance status and a low tumor burden (28)
(Tables 4, 5).

In our study, the dominant failure pattern was distant, with
1 and 2 year LC of 92 and 89% vs. DC of 69 and 44%. Table 6
illustrates the most important further studies analyzing SBRT
in the treatment of OMD patients. LC at 2 years was shown
to be excellent in our study (89%) and comparable to other
studies (88-100%; Table 6) (3, 5, 19, 20, 29, 30). In our study,
patients with OPD or chemotherapy within 4 weeks before or
after SBRT, had significantly less local control rates (Table 4;
Figure 3B). This fact has already been described for lung cancer
patients treated with SBRT, who showed inferior LC if they had

received systemic therapy before (31). This may be due to the
changes in tumor biology through systemic treatment, selecting
resistant clones (15). Patients with previous systemic therapies
might require higher doses to overcome this effect. Furthermore,
prior chemotherapy as a negative prognostic factor for local
control has also been reported in a large cohort of patients
treated with hepatic SBRT (n = 452 lesions) (32). Interestingly,
56 breast cancer patients were included in the cohort and also
showed inferior LC after the admission of prior chemotherapy.
In our study, DC at 2 years (44%) was comparable to the only
other study (50%) that analyzed this outcome factor (29). Yet, 2
year PFS and OS in our study were rather low (17% and 62%).
This might be due to the fact, that 30% patients had OPD and
therefore were more likely to show further disease progression
shortly after SBRT. On the other hand, the rather low PFS and OS
could also be explained by the high proportion of lung and liver
metastases (66%) and consequently lower proportion of bone
metastases (33%). Bone metastases are, in contrast to lung and
liver metastases, a positive prognostic factor for OS (4), which
was also shown in our study (Table 4). Moreover, PFS and OS
at 2 years were highest in the study population by David et al.
with bone only metastases (65 and 100%) (30) and lowest in the
study population by Onal et al. with liver only metastases (8 and
57%) (5).
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TABLE 6 | Prospective and retrospective studies investigating ablative, stereotactic radiotherapy for oligometastastic breast cancer.

Patients, design, Treated lesions Gy @ isodose Significant CTC toxicity 2y.LC 2y.DC 2y.PFS 2y.0S
characteristics prognostic factors
in multivariate
analysis
Milano et al. (29) n = 40; <5 mets; n=285 10 x 5 @ 80%* Negative: GTV hne:n =1 80% (4. 50% 44% 76%
KPS >70 17% bone (patient LC) pleural/peri-
Prospective pilot 22% lung cardial effusion
study 39% liver
OMD: 100% 18% lymph node >IV°: 0%*
Yoo et al. (19) n = 50; <5 mets n=n/a “median dose 30Gy Positive: hormone  n/a 70% (3y.) n/a n/a 85%
retrospective 100% bone (range 20-60)" receptor positivity
OMD: 100% (OS) and single bone
metastasis (OS)
Scorsettietal.  n = 33; <bmets n=43 3 x 18.75-25Gy @ None [-I°: 18% 90% n/a 27% 66%
(20) (lung/liver); ECOG 100% lung 95% >ll°: 0%
<2 observational or liver 4 x 12 Gy@ 95%
study
OMD: 100%
Onal et al. (5) n=22;,<5 n=29 3x 18Gy@90%  None l°:n =2 (rib 88% n/a 8% 57%
mets retrospective  100% liver fracture,
OMD: 100% duodenal
ulcer)
>IV°: 0%
Trovo et al. (3) n = 54; <5 mets; n=92 3 x 10-15Gy None I°:n=2 97% n/a 53% 95%
ECOG <1; 66% bone (isodose n/a) (pain/fatigue)
prospective, 25% lymph node 25 x 2,4 Gy IMRT >lI°: 0%
multicenter phase Il
trial 5% liver
FDG-PET/CT 4%lung
staging
OMD: 100%
David (30) n=15; <3 bone n=19 1x20Gy @80%  Not tested [°: 67% 100% n/a 65% 100%
only mets; ECOG 100% bone I1°: 27%
<2 >1l°: 0%
prospective
Na-18-F-PET/CT
staging
OMD: 100%
Weykamp et al. n = 46; KPS >70 n=>58 1 x24-30 @ Positive: overall 1°:16% 89% 44% 17% 62%
(present study)  retrospective bone 33% 90-95% present mets < 1 11°: 2%
OMD: 70% (<3 lung 33% 3 x 15-18@65%  (DC; PFS), KPS >1II°: 0%
mets) liver 33% 8 x 7.5 @ 80% (DC); bone
OPD: 30% (1 adrenal 1% 10 x 5 @ 90% metastasis as SBRT
met progressive) (bone: 1 x 24 @ target (PFS)
80% or 3 x 9 Age >55 (0OS)
@ 80%)

*not mentioned in the cited paper, “10 x 5 Gy” was obtained from a different citation investigating additional other primary tumors (14).
CTC, Common Terminology Criteria; DC, distant control; ECOG, Eastern Cooperative Oncology Group Performance Status; FDG, fluoro-deoxy-glucose; Gy, Gray; LC, local control; Mets,
metastases; n/a, not available; Na-18-F, natriumfluoride-18; OMD, oligometastatic disease; OPD, oligoprogressive disease; OS, overall survival; PET, positron emission tomography;

PFS, progression free survival; y, years.

Significant positive prognostic factors for PFS in multivariate
analysis were overall number of metastases (n = 1) and bone
metastases as the SBRT target (Table 5; Figures 4A,B), the latter
was already shown by Yoo et al. (19). Furthermore, patients
with one metastastic lesion were already reported to have a
more favorable outcome (29). A higher BED as a prognostic
factor for superior OS has been described by Hong et al. (33)
in 361 patients (16% breast cancer) treated with SBRT for their
oligometastases. Surprisingly, in our study, univariate analysis

described a higher BED as a negative prognostic factor for
PES and OS (Table4). This is probably caused by the fact
that bone metastases had a better outcome with less radiation
dose. Accordingly, BED did not remain a significant factor in
multivariate analysis.

Furthermore, patients who received SBRT for their bone
metastases showed a significantly longer OS in our univariate
analysis. However, this did not persist in multivariate analysis,
after adjusting for age. As Milano et al. had described before,
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breast cancer patients with bone metastases are more likely to
be of young age (4). A PTV volume of at least 37 mL was a
negative prognostic factor for OS in univariate analysis, which
might reflect a higher tumor burden. Similar results were shown
by Milano et al. describing a higher GTV negatively influencing
LC (Table 6) (29). As expected, tumor grading G3 had a negative
impact on OS in univariate analysis (Table 4), reflecting a more
aggressive disease.

Interestingly, the KPS was a significant positive prognostic
factor for LC, DC and PFS (Table 4) and stayed significant for
DC in multivariate analysis (Table5). The above mentioned
two prospective studies on SBRT for oligometastatic breast
cancer by Milano et al. and David et al. used a certain
performance index threshold for inclusion into the respective
study (29, 30). Similarly, our cohort consists of patients with
a relatively high KPS, with a median of 90% and a range
of 70-100%.

Recently, Murano et al. reported that SBRT in oligometastatic
breast cancer patients resulted in an increase or even new
appearance of polyfunctional CD4+ and CD8+ T-cells against
breast cancer antigens (34). Since SBRT is thought to promote
immunogenic cell death, it may also lead to a treatment benefit
not only in local control of the irradiated lesion, but also in
distant control (35, 36). This might be caused by the so called
“abscopal effect;” which describes a “response at a distance from
the irradiated volume” (37). However, breast cancer is so far
not considered a typical immunogenic cancer (38). Nonetheless,
especially triple negative or Her2/neu rich breast cancer seems
to show a high proportion of tumor infiltrating immune cells
(39, 40). Results of a recently published Phase-III trial could
show a prolonged disease free survival in metastasized breast
cancer patients when adding Atezolizumab to Nab-Paclitaxel
chemotherapy (41). SBRT is thought to be less affected by a
high mutation load, which leads to the interesting concept to use
SBRT to postpone a change of systemic therapy (15). For patients
with oligoprogressive lung, renal cell or prostate cancer, several
recent studies have already investigated the role of additional
local treatment to the progressive lesions (31, 42-44). To date,
there has been no dedicated study published for breast cancer
patients with OPD which goes beyond the plane description of
the progression pattern (45).

To our knowledge, our study is the first in the field to also
include and analyze oligoprogressive patients with widespread
metastatic disease. Patients with OMD had a maximum of
three present metastases, compared to a maximum of one
progressive lesion in patients with OPD, pointing toward a more
cautious and stricter definition of limited metastatic disease
in case of oligoprogressive disease. Patients with OPD showed
an inferior, yet satisfying local control after SBRT, which may
be due to a higher mutation burden in these patients. A
dose escalation concept could be investigated to overcome this
suspected higher radioresistance. Interestingly, DC, PFS and OS
were not significantly different in OPD patients, which would
have been expected otherwise due to their worse prognosis
from the outset (45). Moreover, though nearly a third of
our study population consists of OPD patients, outcome was

still comparable to other studies in the field only including
oligometasatic breast cancer patients (Table 6). Consequently,
SBRT should also be investigated in OPD patients in further
studies. In future, SBRT for a few progressive metastases in
widespread metastastic disease could help to postpone a change
in systemic therapy and hence help to change a fatal cancer state
into a chronic disease.

The main limitation of this study is its retrospective design.
Unlike other, prospective studies, patients did not receive fluoro-
deoxy-glucose (FDG) positron emission tomography (PET) or
natirumfluoride-18 (Na-18-F) PET scan as initial staging (3, 30).
Hence, those patients with less favorable outcome in our study
might have had more metastases than detected during contrast
enhanced CT scan staging.

The above mentioned survey of Canadian medical oncologists
revealed a high proportion of doubt considering SBRT for
oligometastastic breast cancer (18). Studies investigating high
dose chemotherapy for metastatic breast cancer were mainly
conducted when Weichselbaum and Hellman developed their
theory of OMD in the 1990s (1, 46). Compared to standard
dose chemotherapy, little benefit could be achieved with this
approach, at the cost of higher toxicity (46). These experiences
may have led to the perception, that therapy escalation for
(oligo)metastatic breast cancer patients in general is rather
harmful. A certain amount of skepticism due to the lack of
phase IIT studies for SBRT in oligometastatic breast cancer is
understandable. Moreover, the SABR-COMET trial, which can
be considered one of the most important studies addressing the
concept of ablative therapies in OMD in general, revealed a risk
of CTC V° toxicities (4.5%; each n = 1 radiation pneumonitis,
pulmonary abscess and subdural hemorrhage after surgery due
to the SBRT). To our best knowledge, no grade IV or higher
toxicity was described in the aforementioned studies on SBRT
in breast cancer patients with OMD (Table 6), with only very
few grade III toxicities. In consistence with other studies in the
field, our study demonstrates SBRT as a well-tolerated ablative
therapy. The growing acceptance of OMD and even OPD as a
disease concept is reflected by our recently increasing treatment
sessions (Figure 1).

Based on the promising results of the SABR-COMET trial,
future prospective studies need to focus on OMD and OPD
in breast cancer to evaluate the benefit of SBRT added to
systemic treatment. The German OLIGOMA study will address
this particular topic in near future and includes breast cancer
patients with up to five metastases (47). The NRG BR002
study was commenced in 2016 and investigates additional SBRT
or surgery in breast cancer patients with OMD compared to
standard therapy alone (48). Nonetheless, robust data on the
expected benefit of local ablative therapy in breast cancer patients
with OMD and OPD will take years to be available. Until
then, SBRT in oligometastastic or oligoprogressive breast cancer
patients should be strongly considered as a highly effective
treatment option to eradicate local metastases with only mildest
toxicity. As shown in our retrospective study with an equal
proportion of the three most common metastatic organs (bone,
liver, and lung), SBRT provides excellent local control and is
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safe outside a clinical trial. Moreover, in times of more and
more expensive systemic therapy options, SBRT offers a cost
effective treatment approach compared to other local ablative
treatments (49-51).

CONCLUSION

Extracranial SBRT in breast cancer patients with OMD or OPD is
well-tolerated with excellent LC. The ideal patient is of young age,
has only one metastasis and reaches an excellent performance
score. The increase in utilization since 2017 points toward a
growing acceptance of SBRT for OMD and OPD in breast cancer.
Future trials are highly needed to consolidate the role of local
ablative treatment in both oligometastatic and oligoprogressive
breast cancer patients.
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