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Introduction
The usual classification of breast cancer (BC) dis-
tinguishes between locoregionally confined dis-
ease, amenable to local therapy and potentially 
curable, and metastatic disease, generally consid-
ered an incurable-condition candidate for pallia-
tive therapy.1 Metastatic BC usually occurs as a 
relapse of early BC at distant sites, although, in 
about 6% of cases, it can also arise de novo.2

Despite metastatic BC being classified as a unique 
setting (stage IV according to the American Joint 
Committee on Cancer staging system), it covers a 

large disease spectrum ranging from a single met-
astatic site to numerous lesions in different organs 
with different biological traits.1

About 50% of metastatic BC presents with less 
than three metastatic lesions.3

Clinical evidence of longer overall survival (OS) 
in patients with a limited metastatic burden4,5 and 
advances in local technique modalities, such as 
surgery and stereotactic ablative radiotherapy 
(SABR), as well as in systemic therapy (Figure 1), 
has generated interest in the multimodal approach 
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for oligometastatic BC (OMBC) aimed at long-
term complete remission at the cost of added 
toxicity.6

However, the data supporting this treatment 
strategy refer mostly to retrospective or prospec-
tive non-randomized studies, with a heterogene-
ous definition of oligometastatic disease, the 
inclusion of various tumor histologies, and a lack 
of BC subtype stratification.7

Randomized controlled trials demonstrated a 
benefit in progression free-survival (PFS)8 and 
OS9 with the use of local ablative therapy after 
first-line systemic therapy in oligometastatic non-
small-cell lung cancer patients and gave an advan-
tage to PFS in oligometastatic prostate cancer 
patients with metastasis-directed treatment 
(MDT).10 The SABR-COMET trial was the first 
randomized trial in an oligometastatic setting to 
include BC patients.11

In this review, we discuss the present understand-
ing of OMBC, the available data regarding multi-
modal strategy, which could guide decision-making 
in current clinical practice, and the ongoing trials 
that may eventually establish this aggressive 
approach as the gold standard for OMBC.

Definition of oligometastatic disease
The term ‘oligometastatic’ was coined in 1995 by 
Hellman and Weichselbaum to define an inter-
mediate state between locoregional and wide-
spread disease in which the full metastatic 
biological potential is not expressed and circulat-
ing tumor cells have metastasized in limited and 
suitable sites.12,13

This theory implies that an aggressive local ther-
apy of the metastatic sites could potentially eradi-
cate the disease.6 Therefore, it is necessary to 
identify the right candidate for multimodal treat-
ment to avoid potential over-treatment.

Despite the definition of an oligometastatic state 
as heterogeneous across the literature, a recent 
consensus statement by the European Society of 
Radiotherapy and Oncology (ESTRO) and the 
American Society of Radiation Oncology 
(ASTRO) suggested a threshold of 1–5 metastatic 
lesions safely treatable with local therapy; further-
more, the oligometastatic state must be assessed 
with high-resolution imaging.14

However, this imaging-based classification 
includes a group of patients with different out-
comes,15 given that in some cases, the presence of 

Figure 1.  Tailored multimodal approach for OMBC combining modern systemic therapies and metastasis-
directed treatments such as surgery, SABR, gamma knife radiosurgery, and RFA based on metastatic sites.
OMBC, oligometastatic breast cancer; RFA, radiofrequency ablation; SABR, stereotactic ablative radiotherapy.
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a small number of lesions does not reflect the real 
widespread of the disease. The oligometastatic 
state could represent only the tip of the iceberg.6 
The understanding of the biological behavior of 
the disease should be integrated into the oligo-
metastatic definition. In support of this concept, 
some studies highlighted a different micro-RNA 
(miRNA) expression in aggressive metastatic dis-
eases compared to slower ones,16,17 even though 
validated biomarkers are still lacking.

Achieving an exhaustive definition of the oligomet-
astatic state is also hampered by its potential pres-
entation at different timepoints of the disease 
course. Recently, the ESTRO and the European 
Organisation for Research and Treatment of 
Cancer (EORTC) obviate this problem by creat-
ing a dynamic oligometastatic state model. Based 
on five questions regarding the disease-free interval 

(DFI), the pre-existent disease burden, and the 
use of active systemic therapy at the time of oligo-
metastatic disease diagnosis. They identified dif-
ferent patient subgroups characterized by diverse 
treatment strategies, goals, and the possibility of 
achieving a cure: for instance, the term ‘induced 
oligopersistence’ represents patients with the poly-
metastatic disease who reached oligometastatic 
state after systemic treatment, while ‘de novo oli-
gometastatic disease’ defines patients with no his-
tory of metastatic disease.18 The adoption of this 
classification could harmonize the interpretation of 
study results and simplify study comparisons.

Surgical intervention
The studies which investigated the role of surgical 
resection of the metastases are summarized in 
Table 1.

Table 1.  Retrospective and prospective studies of metastasis-directed therapy for OMBC patients.

Author Histology Metastatic 
sites

Design No. of 
metastases

No. of 
patients

Intervention Outcomes Results

Yoo et al.19 BC Liver Systematic review NA 1686 Surgery mOS
5-Year OS

36 months
37%

Yoshimoto 
et al.20

BC Lung Retrospective 1 (88%)
2 (10%)
>3 (2%)

90 Surgery 5-years OS
10-year OS

54%
40%

Patchell 
et al.21

BC Brain Prospective, 
randomized

1 (100%) 54 Surgery versus 
radiotherapy

mOS 40 weeks
versus
15 weeks

Wrónski 
et al.22

BC Brain Retrospective N/A 70 Surgery mOS 16.2 months

Pieper et al.23 BC Brain Retrospective 1 (87%)
>1 (13%)

63 Surgery 5-year OS 17%

Dürr et al.24 BC Mixed
(Single-
bone 
metastasis 
13%)

Retrospective 1 (13%)
>1 (87%)

70 Surgery 5-year OS
10-year OS
5-year OS 
(single bone)

13%
7%
39%

Palma et al.25 Mixed
(BC 18%)

Mixed Randomized, 
phase II

1–3 (91%)
4–5 (9%)

99 SABR + SOC 
versus SOC

5-year OS 
(SABR)
5-year OS (SOC)
5-year PFS 
(SABR)
5-year PFS 
(SOC)

42%
18%
17%
0%

(Continued)
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Author Histology Metastatic 
sites

Design No. of 
metastases

No. of 
patients

Intervention Outcomes Results

Cha et al.26 BC Mixed Retrospective ⩽2 49 RT/surgery mPFS (local 
treatment)
mPFS (no local 
treatment)
mOS (local 
treatment)
mOS (no local 
treatment)

30 months
18 months
72.3 months
91 months

David et al.27 BC Bone Prospective trial ⩽3 15 SABR 2-year distant 
PFS

67%

Trovo et al.28 BC Mixed Prospective trial, 
single arm, phase 
II

1 (50%)
2–3 (50%)

54 SABR/IMRT 1-year PFS
2-year PFS
2-year OS

75%
53%
95%

Chalkidou 
et al.29

Mixed
(BC 5.5%)

Mixed Prospective 
trial, single arm, 
observational

1 (75%)
2 (20%)
3 (5%)

1422 SABR 2-year OS (BC) 83%

Klement 
et al.30

Mixed
(BC 12%)

Liver Retrospective NA 363 SABR 2-year tumor 
control 
probability (BC)

88%

Milano et al.31 Mixed
(BC 32%)

Mixed Prospective trial, 
single arm

1 (31%)
2 (26%)
3 (23%)
4–5 (20%)

121 SABR 6-year OS (BC) 47%

BC, breast cancer; IMRT, intensity-modulated radiation therapy; mOS, median overall survival; mPFS, median progression-free survival; OS,  
overall survival; PFS, progression-free survival; RT, radiotherapy; SABR, stereotactic ablative radiotherapy; SOC, standard of care.

Table 1.  (Continued)

Liver
The most successful example of surgical treat-
ment for oligometastatic disease is the resection 
of liver metastasis from colorectal cancer, which 
has significantly improved the survival of these 
patients.32

However, there is no evidence from randomized 
trials of metastatic BC patients benefitting from 
surgical treatment. Even if some retrospective 
and prospective non-randomized studies pointed 
out potential survival advantages, definitive con-
clusions are limited by population heterogeneity 
and different trial designs.

A systematic review by Chua et al.,33 including 19 
studies and a total of 553 patients, revealed a 
median OS of 40 months and a median 5-year 
survival rate of 40% in metastatic BC patients 
with hepatic lesions treated with surgery.

In 2017, another systematic review published its 
investigations on the surgical approach to BC 
liver metastasis. It examined 43 retrospective 

studies involving 1686 patients, the majority of 
whom were estrogen receptor (ER) positive. 
Similar to the previous review, the median OS 
was 36 months, and the 5-year survival rate was 
37%. The perioperative risk was acceptable, hav-
ing a morbidity rate of 20% and a 30-day mortal-
ity rate of 0.7%.19

Radiofrequency ablation (RFA) could be an alter-
native to hepatic resection.7 This technique is safe 
and can provide local control, especially in 
patients with lesions smaller than 3 cm, a single 
metastasis, and ER-positive status.34 However, a 
systematic review and meta-analysis published in 
2018 highlighted a better survival rate for hepatic 
resection than RFA, suggesting limiting this 
method to unresectable liver metastases or 
patients with high surgical risk.35

Lung
A retrospective study conducted by Yoshimoto 
et al.20 examined the potential benefit of solitary 
lung BC metastasis resection. A total of 90 
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patients were included in the analysis. The overall 
5- and 10-year cumulative OS rates were 54% 
and 40%, respectively. A disease-free survival 
(DFS) longer than 3 years and stage I disease at 
diagnosis were associated with significantly longer 
survival (p = 0.013).

A meta-analysis of 16 cohort studies including 
patients with pulmonary metastases who under-
went metastasectomy showed pooled 5-year sur-
vival rates of 46%, the number of pulmonary 
metastases higher than one, negative hormone 
receptor (HR) status, and DFS lower than 3 years 
were determined negative prognostic factors.36

Brain
Surgery can also have a role in brain metastases, 
especially in cases concerning solitary lesions 
needing pathologic confirmation.

A prospective study, conducted between 1985 
and 1988, randomized 54 BC patients with single 
brain metastasis (18 of whom also presented 
extracranial sites of disease) to its surgical 
removal, followed by radiotherapy (RT) or needle 
biopsy plus RT. Local recurrence was more fre-
quent in the radiation group than in the surgical 
group (52% versus 20%), and median OS (mOS) 
was significantly longer in the surgical group 
(40 weeks versus 15 weeks).21

In a retrospective study published in 1997 involv-
ing 70 patients with BC brain metastases who 
underwent surgical resection, 2-year, 3-year, and 
5-year survival rates were 25.7%, 18.6%, and 7%, 
respectively. The median survival was 11 months 
in patients with brain metastases ⩾4 cm and 
16.3 months in patients with smaller ones. 
Adjuvant whole brain RT after surgery was cor-
related with longer survival at multivariate 
analysis.22

Other retrospective series have also reported an 
association between postoperative RT and sur-
vival improvement.23

Bone
Bone metastases are usually treated with RT, and 
data regarding surgical resection in OMBC are 
lacking.

However, surgery can play an interesting part in 
solitary bone metastasis.

A retrospective study investigated the effect of 
bone metastases resection in 70 patients: 19 had a 
single osseous lesion, 19 had multiple bone lesions, 
and 32 also presented visceral involvement.

The OS rate was 36% after 2 years and 13% after 
5 years for the entire population, while patients 
with solitary bone metastasis showed an OS rate 
of 39% after 5 years.24

In a retrospective study (published in 2012) of 
115 BC patients who underwent surgery for bone 
metastases, wide resection and the absence of vis-
ceral metastases were associated with longer sur-
vival at univariate analysis.37

Nevertheless, surgical decompression of sympto-
matic spinal metastases is still crucial to preserve 
or restore neurologic function, enforce spinal sta-
bility, and reduce pain.38

Primary tumor surgery
Approximately 6% of metastatic BC arises de 
novo.2 The indication of local treatment (surgery 
and eventual adjuvant RT) of the primary in addi-
tion to systemic therapy is still a matter of debate 
since data regarding its impact on survival are 
conflicting.39

A retrospective study using the 1988–2011 
Surveillance, Epidemiology, and End Results 
database included 29,916 metastatic BC patients, 
showed an association between primary tumor 
resection and improved median OS (34 versus 
18 months), especially for OMBC.40

The BOMET MF 14-01 is a multicenter, pro-
spective registry study initiated in 2014, including 
de novo stage IV BC patients with bone-only 
metastases. Patients were divided into two sub-
groups based on surgical removal of the primary. 
The results published in 2021 showed a 5-year 
OS rate of 72% for patients who underwent 
locoregional treatment of the primary in addition 
to systemic therapy and a 5-year OS rate of 33% 
for systemic therapy-only patients. Surgical 
removal of the primary improved survival for both 
HR-positive/HER2-negative and HER2-positive 
patients, but no survival benefit was reported for 
triple-negative patients.41 However, some pro-
spective studies pointed out the absence of sur-
vival benefits deriving from the surgery of the 
primary.42 Randomized studies showed mixed 
results as well.

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 15

6	 journals.sagepub.com/home/tam

A Turkish multicenter, phase III study rand-
omized 274 de novo metastatic BC patients to 
locoregional treatment in addition to systemic 
therapy versus systemic therapy alone. The 
median OS was significantly improved for the 
locoregional treatment group (46 months versus 
37 months); a lower risk of death was noted for 
HR-positive and HER2-negative status and 
patients with solitary bone metastasis.43

An open-label randomized controlled trial com-
pared the locoregional treatment of the primary 
versus no locoregional treatment in a population 
of 350 patients affected by de novo metastatic 
BC. Most patients were pre-treated with chemo-
therapy, and almost 25% had less than four 
metastases. In this study, no improvement in OS 
was observed between the two groups, not even in 
OMBC patients.44

The preliminary results of the phase III trial 
ECOG-ACRIN E2108 were presented at ASCO 
2020. This trial randomized 256 metastatic BC 
patients who did not progress during 4–8 months 
of optimal systemic treatment to the locoregional 
treatment of the primary or not. At a median fol-
low-up of 59 months, no significant difference in 
OS was observed.45 However, it should be noted 
that no subgroup analysis was performed accord-
ing to the metastatic site, even for bone-only 
metastases patients, which accounted for 38% of 
the study population. Although these results seem 
to rule out the role of surgical resection of the pri-
mary as a gold standard for de novo metastatic 
BC, it could be offered to selected patients in 
clinical practice, such as patients with limited 
metastatic burden, bone-only disease, and 
HR-positive or HER2-positive disease. Further 
trials focusing on OMBC patients receiving also 
local treatment for metastatic lesions should be 
encouraged as they could of this patient group.

Stereotactic ablative body radiotherapy
SABR consists of a highly focused radiation beam 
on an extracranial site localized through internal 
imaging. This technique limits the dose to the 
surrounding organs and requires only one to five 
treatment sessions to reach the effective dosage, 
providing an attractive option instead of surgery.

The role of SABR in OMBC is supported mainly 
by retrospective or prospective randomized stud-
ies (Table 1). However, a phase II randomized 
controlled trial (SABR-COMET) was published 

in The Lancet in 2019. This study randomized 99 
oligometastatic cancer patients with up to five 
metastatic lesions and controlled primary malig-
nancies between standard-of-care (SOC) treat-
ment and SOC with the addition of SABR. The 
primary endpoint was OS; PFS toxicity and qual-
ity of life were secondary endpoints. BC was one 
of the most represented primary tumors (18%). 
At a median follow-up of 51 months, the 5-year 
OS rate was significantly better in the SABR arm 
(42.3%) compared to the control arm (17.7%). 
Using SABR was not associated with an increase 
in grade 2–5 events, and a detrimental effect on 
the quality of life was not observed.

The limited benefit in median PFS (11.6 months 
for the SABR arm versus 5.4 months for the con-
trol arm) compared to the marked improvement 
in OS together with the fact that 30% of long sur-
vivors were treated with SABR against new meta-
static lesions seem to support the use of salvage 
SABR.25

Regarding the non-randomized evidence, a recent 
retrospective multicenter analysis including a 
total of 49 recurrent oligometastatic HR-positive/
HER2-negative BC patients showed an improve-
ment in PFS for those who underwent local treat-
ment (30 versus 18 months) without any difference 
in terms of OS. This result seems in contrast with 
the SABR-COMET study. However, uncon-
trolled post-progression therapy and an inade-
quate follow-up period and sample size 
(considering the favorable prognosis of 
HR-positive/HER2-negative patients) might 
explain this discrepancy.26

A single institution prospective trial investigated 
the role of single fraction SABR in 15 BC patients 
(the majority of whom were HR positive) with up 
to three bone-only metastases and controlled pri-
mary. The distant and local PFS at 2 years of fol-
low-up were 67% and 100%, respectively.27

A phase II Italian trial conducted by Trovo et al. 
included 54 OMBC patients with less than six 
lesions. Metastases were treated with SABR or 
fractionated intensity-modulated radiotherapy 
concomitantly to systemic therapy. About 85% of 
patients had less than three lesions, and 80% pre-
sented HR-positive disease. After a median fol-
low-up of 30 months, PFS (the primary endpoint) 
at 1 and 2 years was 75% and 53%, respectively, 
superior to historical controls. Two-year OS was 
95%, and no grade 3 toxicity was documented.28
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BC appears to be one of the most suitable candi-
dates for SABR in an oligometastatic state.

The results of a prospective observational study, 
funded by National Health Service England’s 
Commissioning through Evaluation program, 
have been recently published. This study recruited 
1422 patients with up to three metastatic lesions 
of mixed histology, absence of intracranial dis-
ease, and a DFI ⩾ 6 months from the primary 
tumor. These patients with different tumor his-
tologies (5.5% BC) have been treated with SABR 
(24–60 Gy in three to eight fractions). The 2-year 
OS for BC patients was 83.2%, inferior only to 
prostate cancers.29

Klement et al.30 assessed how histology influences 
metastases control in 363 patients with liver 
lesions treated with SABR, collected in a multi-
center database from the German Society of 
Radiation Oncology. BC metastases proved more 
radiosensitive than other histologies with a favora-
ble tumor control probability at 2 years.

This assumption was also supported by the long-
term follow-up results of a prospective mixed his-
tology trial, which enrolled 121 patients with up 
to five lesions, and with no more than three organ 
sites involved, treated with SABR. The 6-year OS 
for BC patients was 47%, compared to 9% in 
other histologies.31

Prognostic factors
The results available suggest a survival benefit for 
OMBC patients by adding locoregional treatment 
to systemic therapy. However, the lack of data 
from randomized trials precludes definitive con-
clusions. Therefore, it is necessary to identify 
prognostic factors which can guide clinicians in 
case-by-case management because patients with 
good prognoses could be ideal candidates for 
multimodal treatment.

Patients with isolated sternal metastasis and con-
tralateral axillary metastases are classified as oli-
gometastatic but demonstrate good survival.1 In a 
retrospective cohort study including 35 de novo 
metastatic BC patients with isolated sternal or 
mediastinal disease treated with metastasis-
directed radiotherapy, and surgical resection of 
the primary and systemic therapy, a 5-year OS of 
63% was reached. When this cohort was com-
pared to a group of stage IIIB BC patients, statis-
tically significant differences were not reported.46 

The favorable prognosis of this subgroup is also 
confirmed by case series of BC patients with 
resected sternal metastasis.47,48 Isolated sternal 
metastasis may be linked with regional lymphatic 
spread rather than hematogenous dissemination, 
explaining a good prognosis.49

Similarly, contralateral axillary metastases could 
be associated with lymphatic spread due to aber-
rant lymphatic drainage. A systematic review 
published in 2015 including 24 articles describing 
48 patients with contralateral lymph node recur-
rence reported an OS of 82.6% after a mean fol-
low-up time of 50.3 months.50 Therefore, 
contralateral axillary metastases should be treated 
with a curative approach as a regional disease, 
with lymph node dissection followed by radio-
therapy and systemic therapy.1

In a recently published population-based study of 
3447 patients affected by de novo metastatic BC 
identified by the Netherlands Cancer Registry 
between January 2000 and December 2007, the 
presence of up to three metastases was related to 
better survival, with a 10-year OS estimate of 
14.9% compared to 3.4% for patients with more 
than three metastases. Premenopausal and peri-
menopausal status and the absence of lung lesions 
were associated with a better prognosis in terms 
of OS and PFS. In contrast with other studies, 
single-organ involvement was not associated with 
favorable survival.51

A systematic review including 20 studies report-
ing data on OMBC patients treated with multi-
modal therapy identified five potential prognostic 
factors for this subgroup: the presence of a soli-
tary metastasis, a DFI ⩾ 24 months, HR status 
positivity were associated with better OS and 
PFS, while axillary lymph node metastases at pri-
mary diagnosis and HER2 positivity were found 
to be negative prognostic factors. However, it 
must be clarified that anti-HER2 therapy use was 
limited in selected studies.6

As regards metastatic BC patients undergoing 
pulmonary metastasectomy, a systematic review 
and meta-analysis highlighted DFI ⩽ 3 years, 
incomplete resection of metastases, more than 
one lung lesion, and HR-negative status as the 
main negative prognostic factors.43

Among patients with brain metastases, those with 
HER2-positive and Luminal/HER2-positive dis-
ease appear to be the ones to benefit the most 
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from Gamma knife radiosurgery based on a multi-
institutional retrospective study conducted in 
Japan.52

Even though confirmation of these prognostic 
factors and the identification of new ones are war-
ranted, they can already be helpful for the man-
agement of OMBC patients (Figure 2).

Circulating tumor cells, circulating tumor DNA 
(ctDNA), inflammatory indexes, tumor tissue, 
and functional imaging were studied as potential 
prognostic and predictive biomarkers in locally 
advanced and metastatic BC.53–59 Their impact 
on OMBC needs to be further elucidated, in par-
ticular, to select patients for locoregional 
treatment.

New systemic therapies
The evolution of systemic therapy is paving the 
way to a progressive survival improvement in all 
subtypes of BC, and it could modify the defini-
tion of the oligometastatic state as even more 

patients could be considered a good prognosis. 
The studies cited in this review mainly concern 
BC patients treated with outdated systemic thera-
pies. The introduction of cyclin-dependent kinase 
4/6 inhibitors and hormonal therapy increased 
both PFS and OS in HR-positive/HER2-negative 
metastatic BC patients,60 and the combination 
with local treatment could even prolong survival 
in these patients.

Adding pertuzumab to docetaxel plus trastu-
zumab increased the number of HER2-positive 
long survivors as assessed by the CLEOPATRA 
study, which reported an 8-year survival rate of 
37% for patients treated with dual HER2 block-
ade therapy.61 These results encourage using 
aggressive treatment, for example, metastasis-
directed therapy, as a cure for HER2-positive 
metastatic BC patients no longer seems 
unachievable.

Moreover, implementing immune checkpoint 
inhibitors (ICIs) for PD-L1-positive triple-nega-
tive metastatic BC62 has opened the door to the 

Figure 2.  OMBC patients’ selection for metastasis-directed therapy based on prognostic and predictive 
factors.
OMBC, oligometastatic breast cancer.
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potential synergistic effect between RT and 
immunotherapy. RT can cause the secretion of 
cytokines and chemokines with consequent anti-
tumor immune response enhancement. This syn-
ergy is proving effective in other malignancies, 
such as non-small-cell lung cancer,63,64 and looks 
promising even for BC. In addition to preclinical 
evidence of RT plus ICIs effectiveness in murine 
models,65 in a phase I trial, 73 metastatic patients, 
six of whom were affected by BC, were treated 
with hypofractionated image-guided RT and sub-
sequently with pembrolizumab. The overall 
response rate (ORR) was 13.2%, but it was not 
stratified by tumor histology. Grade 3 toxicity was 
observed for only six patients, and the combina-
tion was well tolerated.66

A phase II trial investigating the combination of 
palliative RT and pembrolizumab in 17 pre-
treated metastatic BC patients showed an ORR of 
17.6%, which proved durable. Notably, one of 
these patients was free from evaluable disease at 
108 weeks of follow-up.67 Despite early evidence, 
these results appear promising, and phase II trials 
focused on RT and ICI combinations in meta-
static BC are already ongoing.68

Despite the advances in conventional chemother-
apies, their use is limited by a narrow therapeutic 
window based on toxicities. The breakthroughs 
of nanotechnology and antibody–drug conjugates 
represent an accomplishment in the selective tar-
geting of tumor sites, thus increasing the thera-
peutic potential. They constitute an elegant 
means of tackling the limitations of conventional 
chemotherapeutics by selectively delivering a 
highly toxic payload with subsequently increased 
efficacy.69–71

Ongoing trials
The previously reported data do not provide 
definitive conclusions but inspired growing inter-
est in OMBC management. Several mixed his-
tologies and breast-specific prospective and phase 
II/III randomized controlled trials are ongoing 
and will clarify the role of multimodal treatment 
in this population (Table 2).

Based on the promising survival benefit reported 
in the phase II SABR-COMET trial regarding 
mainly oligometastatic patients with up to three 
metastatic lesions, two phase III randomized 
studies were designed with OS as the primary 
endpoint. Ta
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The SABR-COMET-3 trial aims to confirm the 
phase II study results by recruiting cancer patients 
with one to three metastatic lesions. Patients are 
randomized between SOC treatment with or 
without SABR and stratified by histology and 
DFI (⩽2 versus > 2 years).72

Whereas the goal of the SABR-COMET-10 trial 
is to assess the role of SABR in patients with 4–10 
metastatic lesions. Randomization is stratified by 
histology and pre-specified systemic therapy 
(immunotherapy/targeted therapy versus cyto-
toxic therapy versus observation).73

Both SABR-COMET-3 and SABR-COMET-10 
trials also assess the circulating tumor cells, cell-
free DNA, and tumor tissue as potential prognos-
tic and predictive biomarkers.

Another example of a randomized controlled 
study comparing SOC and SOC plus SBRT is the 
phase II/III CORE trial. Eligible patients must be 
affected by breast, prostate, or non-small-cell 
lung oligometastatic cancer with up to three 
metastases and a maximum of two organ systems 
involved. The primary endpoint is PFS.74

Other randomized mixed histology trials that will 
contribute to determining the role of SABR and 
systemic therapy combination are ongoing 
(STEREO-OS, PROMISE-005).75,76

Regarding non-randomized studies, E2-RADIatE 
(EORTC-ESTRO Radiation Infrastructure for 
Europe) is a platform that was launched in June 
2019, which aimed at collecting prospective real-
world data of cancer patients treated with RT. 
OligoCare is the first project on the E2-RADIatE 
platform. It is a pragmatic observational cohort 
study collecting data from OMBC, prostate, lung, 
and colorectal cancer patients (both synchronous 
and metachronous) treated with radical RT. This 
study will elucidate how patient, tumor, and 
treatment characteristics influence OS and will 
also test the prognostic value of EORTC-ESTRO 
oligometastatic state classification.81 The prelimi-
nary results presented at ESTRO 2021 congress 
did not report data on survival; however, it 
showed that prostate cancer was the most fre-
quent primary (42%), while BC patients repre-
sented 17% of the 328 cases considered for this 
analysis.

Some breast-specific trials are also ongoing. The 
OLIGOMA trial is a multi-national confirmatory 

study in which OMBC patients with up to five 
metastatic lesions are randomized to standard 
systemic therapy with or without RT to all meta-
static sites. Patients with a maximum of three 
brain metastases are eligible for this study, and 
locoregional recurrence is allowed as the target 
lesion. PFS and quality of life constitute the pri-
mary endpoints, while OS is a secondary 
endpoint.77

The STEREO-SEIN trial, a phase III study, is 
randomizing BC patients between systemic thera-
pies and systemic therapies with associated 
SABR. In contrast with the OLIGOMA trial, 
only ‘de novo’ HR-positive patients are eligible, 
and brain metastases are not allowed.78

The CLEAR trial (phase II, single arm) will assess 
the survival impact of RT and/or surgery in addi-
tion to first-line endocrine treatment in 
ER-positive/HER2-negative BC patients with 
low-burden oligometastatic disease (⩽2 lesions in 
a single organ).79

A phase III randomized study sponsored by The 
Netherlands Cancer Institute will investigate a dif-
ferent aggressive approach for OMBC. This study 
is intended to assess the survival impact of a tan-
dem high-dose alkylating chemotherapy regimen 
with high doses of carboplatin, thiotepa, and cyclo-
phosphamide in OMBC HER2-negative patients 
harboring homologous recombination deficiency 
and not previously treated with chemotherapy in 
metastatic setting. High-dose chemotherapy 
remains an investigational strategy in selected BC 
patients.82 In this protocol, the oligometastatic dis-
ease is defined as presenting up to three distant 
metastatic lesions, with or without a primary 
tumor. Patients in the control arm are treated with 
three cycles of standard chemotherapy.80

Another breast-specific randomized study is the 
NRG BR002. This phase II/III trial was designed 
to evaluate the survival benefit gained with SABR 
and/or surgical resection. Eligible patients must 
have less than five lesions and controlled primary; 
the presence of brain metastases is an exclusion 
criterion. In the case of median PFS improvement, 
the study could have continued as a phase III trial 
with 5-year OS as the primary endpoint.83

However, the PFS result was recently presented 
at the 2022 ASCO Annual meeting showing no 
benefit with the addition of metastasis-directed 
therapy to systemic therapy (mPFS of 23 months 
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for SOC arm versus 19.5 months for SOC + abla-
tion arm), thus blocking accrual for the phase III 
part of the trial.

Discussion
Using MDT and systemic therapy for oligometa-
static disease is an attractive option, especially for 
BC patients, where long-term survival seems 
achievable.11,31 However, this assumption is 
mainly based on retrospective or prospective non-
randomized studies (except for the SABR-
COMET trial), which have inherent limitations 
and biases. The variability of oligometastatic dis-
ease definition among the reported studies ham-
pers interpretation and comparisons of the results. 
Furthermore, the efficacy of the multimodal 
approach may have been underestimated given 
that a large part of the available data refers to an 
era before modern imaging, with potentially 
under-staged patients included in oligometastatic 
series, even if polymetastatic.84

Randomized trials which will eventually validate 
this aggressive approach in clinical practice are still 
ongoing; currently, the application of local treat-
ment for metastatic lesions varies widely between 
clinicians and different hospital departments and is 
often considered for palliative purposes rather than 
curative intent. The first issue in clinical practice is 
detecting the right candidate for multimodal ther-
apy. Even though local treatment appears to be 
relatively safe, with less than 10% incidence of 
grade 3–5 toxic effects in patients treated with 
SABR,85 correct patient selection is crucial to avoid 
useless toxicity. Identifying some prognostic fac-
tors, such as the presence of solitary metastasis, a 
DFI ⩾ 24 months, and HR status positivity, could 
be helpful for clinicians in the selection of the best 
candidate for aggressive multimodal treatment.6

The choice to perform RT or surgery as a local 
ablative technique is also a matter of debate.

SABR has fewer side effects, is more suitable for 
multiple lesions treatment than surgery, and is 
the treatment modality with more supporting evi-
dence. On the other hand, surgery allows the 
complete removal of the metastases and the 
acquisition of histological data.

Unmet points
The optimal timing of MDT remains a matter of 
debate as well. Should we treat metastases 

upfront, or should we prioritize systemic therapy 
and subsequently consider MDT? In the latter 
case, how long should we wait to initiate MDT? 
Based on current data, these questions remain 
unanswered, and ongoing trials seem not designed 
to solve this issue.

However, the most controversial topic remains 
the definition of the oligometastatic state itself. 
ESTRO-ASTRO’s proposal to consider the dis-
ease as oligometastatic in the presence of 1–5 
lesions, safely treatable with local therapy, has 
certainly been a first step toward a homogeneous 
understanding of this setting,14 even though the 
determination of the number of the metastatic 
sites can sometimes be misleading, with particu-
lar regard to lymph nodes involvement. Only a 
few studies specify counting each metastatic 
lymph node separately.73,82

The oligometastatic definition evolved further 
thanks to ESTRO-EORTC dynamic classifica-
tion based on the moment of oligometastatic state 
presentation in the patient’s history. While 
patients with ‘de novo oligometastatic disease’ 
represent the ideal candidate for aggressive multi-
modal therapy, those with ‘induced oligometa-
static disease’ have poor chances of achieving the 
cure by the addition of local treatment.18

These classifications will surely be helpful for 
future trials and clinical practice, but the oligo-
metastatic state cannot be defined only by imag-
ing findings. It should also be considered from a 
biological point of view. Some studies demon-
strated different miRNA expressions in patients 
with imaging-defined oligometastatic disease, 
which could potentially distinguish between 
patients prone to develop a poly-metastatic dis-
ease and those in a real oligometastatic state.16 
Furthermore, the SABR-COMET-3 and SABR-
COMET-10 randomized trials will assess the role 
of circulating tumor cells and ctDNA as biomark-
ers for oligometastatic disease outcomes, and, 
hopefully, this will contribute to a more accurate 
insight into this setting.

Implementing advanced imaging for more accu-
rate staging could also improve the imaging-based 
oligometastatic state definition. The use of whole-
body magnetic resonance imaging (WB-MRI), 
for example, demonstrated better performance in 
the detection of bone and lymph nodes metasta-
ses at staging than other standard imaging tech-
niques in prostate cancer patients.86 Moreover, in 
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a retrospective study including advanced BC, 58 
patients underwent both whole-body MRI and 
standard imaging (PET-TC or CT); in 23 of 
these patients WB-MRI detected additional sites 
of disease and in 17 of 28 patients, progressive 
disease was reported only by WB-MRI.87

The oligometastatic state is a hardly classifiable 
dynamic entity that could eventually change 
depending on systemic therapies innovations. 
The achievement of better outcomes and the 
potential synergy between novel therapies (such 
as ICIs) and RT could justify the use of an aggres-
sive multimodal therapy aimed at long survival in 
a larger population of metastatic patients, extend-
ing the definition of oligometastatic.

The phase II part of the NRG-BR002 study, 
recently presented at the 2022 ASCO Annual 
Meeting, failed to show a signal for PFS improve-
ment in OMBC patients treated with metastases-
directed therapy. This result raises questions 
about the metastases-ablation role in this setting 
but it is not sufficient to abandon the multimodal 
approach. This trial has some limitations, for 
example, only 129 OMBC patients have been 
enrolled, the HER2-positive BC subtype was 
poorly represented and the vast majority of 
patients in the ablation arm were treated with 
SABR, while only 2% of them underwent surgical 
resection.

In conclusion, looking forward to other rand-
omized trials and disease-specific study results, 
oligometastatic patients should be discussed by a 
multidisciplinary team. We already know that iso-
lated sternal and contralateral axillary metastasis 
must be candidates for a local approach in addi-
tion to systemic therapy, but other OMBC 
patients could achieve long OS or could be cured 
with an aggressive multimodal approach, and we 
cannot miss this opportunity.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contribution(s)
Filippo Merloni: Conceptualization; Writing – 
original draft.

Michela Palleschi: Conceptualization; Writing 
– original draft.

Chiara Casadei: Conceptualization; Writing – 
original draft.

Antonino Romeo: Conceptualization; Writing 
– review & editing.

Annalisa Curcio: Conceptualization; Writing – 
review & editing.

Roberto Casadei: Conceptualization; Writing – 
review & editing.

Franco Stella: Conceptualization; Writing – 
review & editing.

Giorgio Ercolani: Conceptualization; Writing – 
review & editing.

Caterina Gianni: Conceptualization; Writing – 
original draft.

Marianna Sirico: Conceptualization; Writing – 
original draft.

Simona Cima: Conceptualization; Writing – 
review & editing.

Samanta Sarti: Conceptualization; Writing – 
review & editing.

Lorenzo Cecconetto: Conceptualization; 
Writing – review & editing.

Giandomenico Di Menna: Conceptualization; 
Writing – review & editing.

Ugo De Giorgi: Conceptualization; Writing – 
review & editing.

Acknowledgements
This work was partly supported thanks to the 
contribution of Ricerca Corrente by the Italian 
Ministry of Health within the research line L2 
(innovative therapies, phase I-III clinical trials).

Funding
This research received no external funding.

Competing interests
Dr. De Giorgi received honoraria for advisory 
boards or speaker fees for Pfizer, BMS, MSD, 
PharmaMar, Astellas, Bayer, Ipsen, Roche, 
Novartis, Clovis, GSK, AstraZeneca, Institutional 
research grants from AstraZeneca, Sanofi, and 
Roche

Dr. Michela Palleschi has received advisory board 
fees from Novartis.

https://journals.sagepub.com/home/tam


F Merloni, M Palleschi et al.

journals.sagepub.com/home/tam	 13

Availability of data and materials
Data sharing does not apply to this article as no 
datasets were generated or analyzed during the 
current study.

ORCID iD
Ugo De Giorgi  https://orcid.org/0000- 
0001-7520-2908

References
	 1.	 Nesbit EG, Donnelly ED and Strauss JB. 

Treatment strategies for oligometastatic breast 
cancer. Curr Treat Options Oncol 2021; 22: 24.

	 2.	 O’Shaughnessy J. Extending survival with 
chemotherapy in metastatic breast cancer. 
Oncologist 2005; 10: 20–29.

	 3.	 Wei Q, He H, Lv L, et al. The promising role 
of radiotherapy in the treatment of advanced 
or metastatic renal cell carcinoma: a narrative 
review. Transl Androl Urol 2020; 9: 2821–2830.

	 4.	 Pagani O, Senkus E, Wood W, et al. International 
guidelines for management of metastatic breast 
cancer: can metastatic breast cancer be cured?,  
J Natl Cancer Inst 2010; 102: 456–463.

	 5.	 Nguyen DHA, Truong PT, Walter CV, et al. 
Limited M1 disease: a significant prognostic 
factor for stage IV breast cancer. Ann Surg Oncol 
2012; 19: 3028–3034.

	 6.	 van Ommen-Nijhof A, Steenbruggen TG, 
Schats W, et al. Prognostic factors in patients 
with oligometastatic breast cancer – a systematic 
review. Cancer Treat Rev 2020; 91: 102114.

	 7.	 Makhlin I and Fox K. Oligometastatic breast 
cancer: is this a curable entity? a contemporary 
review of the literature. Curr Oncol Rep 2020; 22: 
15.

	 8.	 Iyengar P, Wardak Z, Gerber DE, et al. 
Consolidative radiotherapy for limited metastatic 
non-small-cell lung cancer: a phase 2 randomized 
clinical trial. JAMA Oncol 2018; 4: e173501.

	 9.	 Gomez DR, Tang C, Zhang J, et al. 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. J 
Clin Oncol 2019; 37: 1558–1565.

	10.	 Ost P, Reynders D, Decaestecker K, et al. 
Surveillance or metastasis-directed therapy for 
oligometastatic prostate cancer recurrence: a 
prospective, randomized, multicenter phase II 
trial. J Clin Oncol 2018; 36: 446–453.

	11.	 Palma DA, Olson R, Harrow S, 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.

	12.	 Weichselbaum RR and Hellman S. 
Oligometastases revisited. Nat Rev Clin Oncol 
2011; 8: 378–382.

	13.	 Peyvandi S, Lan Q, Lorusso G, et al. 
Chemotherapy-induced immunological breast 
cancer dormancy: a new function for old drugs? J 
Cancer Metastasis Treat 2019; 5: 44.

	14.	 Lievens Y, Guckenberger M, Gomez D, et al. 
Defining oligometastatic disease from a radiation 
oncology perspective: an ESTRO-ASTRO 
consensus document. Radiother Oncol 2020; 148: 
157–166.

	15.	 Cheng YC and Ueno NT. Improvement of 
survival and prospect of cure in patients with 
metastatic breast cancer. Breast Cancer 2012; 19: 
191–199.

	16.	 Lussier YA, Khodarev NN, Regan K, et al. 
Oligo- and polymetastatic progression in lung 
metastasis(es) patients is associated with specific 
microRNAs. PLoS One 2012; 7: e50141.

	17.	 Uppal A, Wightman SC, Mallon S, et al. 14q32-
encoded microRNAs mediate an oligometastatic 
phenotype. Oncotarget 2015; 6: 3540–3552.

	18.	 Guckenberger M, Lievens Y, Bouma AB, 
et al. 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.

	19.	 Yoo TG, Cranshaw I, Broom R, et al. Systematic 
review of early and long-term outcome of liver 
resection for metastatic breast cancer: is there a 
survival benefit? Breast 2017; 32: 162–172.

	20.	 Yoshimoto M, Tada K, Nishimura S, et al. 
Favourable long-term results after surgical 
removal of lung metastases of breast cancer. 
Breast Cancer Res Treat 2008; 110: 485–491.

	21.	 Patchell RA, Tibbs PA, Walsh JW, et al. A 
randomized trial of surgery in the treatment of 
single metastases to the brain. N Engl J Med 
1990; 322: 494–500.

	22.	 Wrónski M, Arbit E and McCormick B. Surgical 
treatment of 70 patients with brain metastases 
from breast carcinoma. Cancer 1997; 80: 1746–
1754.

https://journals.sagepub.com/home/tam
https://orcid.org/0000-0001-7520-2908
https://orcid.org/0000-0001-7520-2908


Therapeutic Advances in 
Medical Oncology Volume 15

14	 journals.sagepub.com/home/tam

	23.	 Pieper DR, Hess KR and Sawaya RE. Role of 
surgery in the treatment of brain metastases in 
patients with breast cancer. Ann Surg Oncol 1997; 
4: 481–490.

	24.	 Dürr HR, Müller PE, Lenz T, et al. Surgical 
treatment of bone metastases in patients with 
breast cancer. Clin Orthop Relat Res 2002; 396: 
191–196.

	25.	 Palma DA, Olson R, Harrow S, et al. Stereotactic 
ablative radiotherapy for the comprehensive 
treatment of oligometastatic cancers: long-term 
results of the SABR-COMET phase II randomized 
trial. J Clin Oncol 2020; 38: 2830–2838.

	26.	 Cha C, Ahn SG, Yoo TK, et al. Local 
treatment in addition to endocrine therapy 
in hormone receptor-positive and HER2-
negative oligometastatic breast cancer patients: 
a retrospective multicenter analysis. Breast Care 
2020; 15: 408–414.

	27.	 David S. Stereotactic ablative body radiotherapy 
(SABR) for bone only oligometastatic breast 
cancer: a prospective clinical trial. Breast 2020; 
49: 55–62.

	28.	 Trovo M, Furlan C, Polesel J, et al. Radical 
radiation therapy for oligometastatic breast 
cancer: results of a prospective phase II trial. 
Radiother Oncol 2018; 126: 177–180.

	29.	 Chalkidou A, Macmillan T, Grzeda MT, et al. 
Stereotactic ablative body radiotherapy in patients 
with oligometastatic cancers: a prospective, 
registry-based, single-arm, observational, 
evaluation study. Lancet Onco 2021; 22: 98–106.

	30.	 Klement RJ, Guckenberger M, Alheid H, 
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.

	31.	 Milano MT, Katz AW, Zhang H, et al. 
Oligometastases treated with stereotactic body 
radiotherapy: long-term follow-up of prospective 
study. Int J Radiat Oncol Biol Phys 2012; 83: 
878–886.

	32.	 Dhir M and Sasson AR. Surgical management of 
liver metastases from colorectal cancer. J Oncol 
Pract 2016; 12: 33–39.

	33.	 Chua TC, Saxena A, Liauw W, et al. Hepatic 
resection for metastatic breast cancer: a 
systematic review. Eur J Cancer 2011; 47: 
2282–2290.

	34.	 Bai XM, Yang W, Zhang ZY, et al. Long-term 
outcomes and prognostic analysis of percutaneous 
radiofrequency ablation in liver metastasis from 

breast cancer. Int J Hyperthermia 2018; 35: 
183–193.

	35.	 Xiao Y-B, Zhang B and Wu Y-L. Radiofrequency 
ablation versus hepatic resection for breast 
cancer liver metastasis: a systematic review and 
meta-analysis. J Zhejiang Univ Sci B 2018; 19: 
829–843.

	36.	 Fan J, Chen D, Du H, et al. Prognostic factors 
for resection of isolated pulmonary metastases in 
breast cancer patients: a systematic review and 
meta-analysis J Thorac Dis 2015; 7: 1441–1451.

	37.	 Wegener B, Schlemmer M, Stemmler J, et al. 
Analysis of orthopedic surgery of bone metastases 
in breast cancer patients. BMC Musculoskele 
Disord 2012; 13: 232.

	38.	 Ju DG, Yurter A, Gokaslan ZL, et al. Diagnosis 
and surgical management of breast cancer 
metastatic to the spine. World J Clin Oncol 2014; 
5: 263–271.

	39.	 Kent CL, McDuff SGR and Salama JK. 
Oligometastatic breast cancer: where are we now 
and where are we headed?—a narrative review. 
Ann Palliat Med 2021; 10: 5954–5968.

	40.	 Vohra NA, Brinkley J, Kachare S, et al. Primary 
tumor resection in metastatic breast cancer: a 
propensity-matched analysis, 1988–2011 SEER 
data base. Breast J 2018; 24: 549–554.

	41.	 Soran A, Dogan L, Isik A, et al. The effect of 
primary surgery in patients with de novo stage IV 
breast cancer with bone metastasis only (Protocol 
BOMET MF 14-01): a multi-center, prospective 
registry study. Ann Surg Oncol 2021; 28: 5048–
5057.

	42.	 Barinoff J, Schmidt M, Schneeweiss A, et al. 
Primary metastatic breast cancer in the era of 
targeted therapy – Prognostic impact and the role 
of breast tumour surgery. Eur J Cancer 2017; 83: 
116–124.

	43.	 Soran A, Ozmen V, Ozbas S, et al. Randomized 
trial comparing resection of primary tumor 
with no surgery in stage IV breast cancer at 
presentation: protocol MF07-01. Ann Surg Oncol 
2018; 25: 3141–3149.

	44.	 Badwe R, Hawaldar R, Nair N, et al. 
Locoregional treatment versus no treatment of 
the primary tumour in metastatic breast cancer: 
an open-label randomised controlled trial. Lancet 
Oncol 2015; 16: 1380–1388.

	45.	 Khan SA, Zhao F, Goldstein LJ, et al. Early 
local therapy for the primary site in De Novo 
stage IV breast cancer: results of a randomized 
clinical trial (EA2108). J Clin Oncol 2022; 40(9): 
978–987.

https://journals.sagepub.com/home/tam


F Merloni, M Palleschi et al.

journals.sagepub.com/home/tam	 15

	46.	 Christopherson K, Lei X, Barcenas C, et al. 
Outcomes of curative-intent treatment for 
patients with breast cancer presenting with sternal 
or mediastinal involvement. Int J Radiat Oncol 
Biol Phys 2019; 104: 574–581.

	47.	 Incarbone M, Nava M, Lequaglie C, et al. Sternal 
resection for primary or secondary tumors.  
J Thorac Cardiovasc Surg 1997; 114: 93–99.

	48.	 Shen MC, Massarweh NN, Lari SA, et al. 
Clinical course of breast cancer patients with 
isolated sternal and full-thickness chest wall 
recurrences treated with and without radical 
surgery. Ann Surg Oncol 2013; 20: 4153–4160.

	49.	 Kwai AH, Stomper PC and Kaplan WD. Clinical 
significance of isolated scintigraphic sternal 
lesions in patients with breast cancer. J Nucl Med 
1988; 29: 324–328.

	50.	 Moossdorff M, Vugts G, Maaskant-Braat AJG, 
et al. Contralateral lymph node recurrence in 
breast cancer: regional event rather than distant 
metastatic disease. A systematic review of the 
literature. Eur J Surg Oncol 2015; 41: 1128–1136.

	51.	 Steenbruggen TG, Schaapveld M, Horlings 
HM, et al. Characterization of oligometastatic 
disease in a real-world nationwide cohort of 3447 
patients with de novo metastatic breast cancer. 
JNCI Cancer Spectr 2021; 5: pkab010.

	52.	 Aoyagi K, Higuchi Y, Matsunaga S, et al. 
Impact of breast cancer subtype on clinical 
outcomes after Gamma Knife radiosurgery for 
brain metastases from breast cancer: a multi-
institutional retrospective study (JLGK1702). 
Breast Cancer Res Treat 2020; 184: 149–159.

	53.	 Mego M, Gao H, Cohen EN, et al. Circulating 
tumor cells (CTC) are associated with defects in 
adaptive immunity in patients with inflammatory 
breast cancer. J Cancer 2016; 7: 1095–1104.

	54.	 De Giorgi U, Mego M, Scarpi E, et al. 
Association between circulating tumor cells 
and peripheral blood monocytes in metastatic 
breast cancer. Ther Adv Med Oncol 2019; 11: 
1758835919866065.

	55.	 Cullinane C, Fleming C, O’Leary DP, et al. 
Association of circulating tumor DNA with 
disease-free survival in breast cancer: a systematic 
review and meta-analysis. JAMA Netw Open 
2020; 3: e2026921.

	56.	 Pietri E, Conteduca V, Andreis D, et al. 
Androgen receptor signaling pathways as a target 
for breast cancer treatment. Endocr Relat Cancer 
2016; 23: R485–R498.

	57.	 De Giorgi U, Mego M, Rohren EM, et al. 18F-
FDG PET/CT findings and circulating tumor cell 
counts in the monitoring of systemic therapies for 

bone metastases from breast cancer. J Nucl Med 
2010; 51: 1213–1218.

	58.	 Zhu M, Chen L, Kong X, et al. The systemic 
immune-inflammation index is an independent 
predictor of survival in breast cancer patients. 
Cancer Manag Res 2022; 14: 775–820.

	59.	 De Giorgi U, Mego M, Scarpi E, et al. 
Relationship between lymphocytopenia and 
circulating tumor cells as prognostic factors for 
overall survival in metastatic breast cancer. Clin 
Breast Cancer 2012; 12: 264–269.

	60.	 Piezzo M, Chiodini P, Riemma M, et al. 
Progression-free survival and overall survival 
of CDK 4/6 inhibitors plus endocrine therapy 
in metastatic breast cancer: a systematic review 
and meta-analysis. Int J Mol Sci 2020; 21: 
6400.

	61.	 Swain SM, Miles D, Kim SB, et al. Pertuzumab, 
trastuzumab, and docetaxel for HER2-positive 
metastatic breast cancer (CLEOPATRA): end-of-
study results from a double-blind, randomised, 
placebo-controlled, phase 3 study. Lancet Oncol 
2020; 21: 519–530.

	62.	 Schmid P, Rugo HS, Adams S, et al. 
Atezolizumab plus nab-paclitaxel as first-line 
treatment for unresectable, locally advanced 
or metastatic triple-negative breast cancer 
(IMpassion130): updated efficacy results from  
a randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet Oncol 2020; 21:  
44–59.

	63.	 Scott JA, Villegas A, Daniel D, et al. Durvalumab 
after chemoradiotherapy in stage III non–small-
cell lung cancer. N Engl J Med 2017; 377: 
1919–1929.

	64.	 Theelen WSME, Peulen HMU, Lalezari F, et al. 
Effect of pembrolizumab after stereotactic body 
radiotherapy vs pembrolizumab alone on tumor 
response in patients with advanced non-small cell 
lung cancer: results of the PEMBRO-RT phase 
2 randomized clinical trial. JAMA Oncol 2019; 5: 
1276–1282.

	65.	 Demaria S, Kawashima N, Yang AM, et al. 
Immune-mediated inhibition of metastases after 
treatment with local radiation and CTLA-4 
blockade in a mouse model of breast cancer. Clin 
Cancer Res 2005; 11: 728–734.

	66.	 Luke JJ, Lemons JM, Karrison TG, et al. 
Safety and clinical activity of pembrolizumab 
and multisite stereotactic body radiotherapy in 
patients with advanced solid tumors. J Clin Oncol 
2018; 36: 1611–1618.

	67.	 McArthur HL, Barker CA, Gucalp A, et al. A 
single-arm, phase II study assessing the efficacy 

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 15

16	 journals.sagepub.com/home/tam

of pembrolizumab (pembro) plus radiotherapy 
(RT) in metastatic triple negative breast cancer 
(mTNBC). J Clin Oncol 2018; 36: 14.

	68.	 Nguyen AT, Shiao SL and McArthur 
HL. Advances in combining radiation and 
immunotherapy in breast cancer. Clin Breast 
Cancer 2021; 21: 143–152.

	69.	 Ferraro E, Drago JZ and Modi S. Implementing 
antibody-drug conjugates (ADCs) in HER2-
positive breast cancer: state of the art and future 
directions. Breast Cancer Res 2021; 23: 84.

	70.	 Conti M, Tazzari V, Baccini C, et al. Anticancer 
drug delivery with nanoparticles. In Vivo 2006; 
20: 697–701.

	71.	 Chen L, Jiang Y-Z, Wu S-Y, et al. Famitinib with 
camrelizumab and nab-paclitaxel for advanced 
immunomodulatory triple-negative breast cancer 
(FUTURE-C-PLUS): an open-label, single-arm, 
phase 2 trial. Clin Cancer Res 2022; 28: 2807–2817.

	72.	 Olson R, Mathews L, Liu M, et al. Stereotactic 
ablative radiotherapy for the comprehensive 
treatment of 1–3 Oligometastatic tumors (SABR-
COMET-3): study protocol for a randomized 
phase III trial. BMC Cancer 2020; 20: 380.

	73.	 Palma DA, Olson R, Harrow S, et al. Stereotactic 
ablative radiotherapy for the comprehensive 
treatment of 4–10 oligometastatic tumors (SABR-
COMET-10): study protocol for a randomized 
phase III trial. BMC Cancer 2019; 19: 816.

	74.	 Khoo V, Hawkins MA, Ahmed M, et al. A 
randomised trial of conventional care versus 
radioablation (stereotactic body radiotherapy)  
for extracranial oligometastases. Clin Oncol 2018; 
30: E64.

	75.	 Thureau S, Marchesi V, Vieillard MH, et al. 
Efficacy of extracranial stereotactic body radiation 
therapy (SBRT) added to standard treatment in 
patients with solid tumors (breast, prostate and 
non-small cell lung cancer) with up to 3 bone-
only metastases: study protocol for a randomised 
phase III trial (STEREO-OS). BMC Cancer 
2021; 21: 117.

	76.	 Memorial Sloan Kettering Cancer Center. 
Investigating the Effectiveness of Stereotactic 
Body Radiotherapy (SBRT) in Addition to 
Standard of Care Treatment for Cancer That 
Has Spread Beyond the Original Site of Disease. 
ClinicalTrials.gov. https://clinicaltrials.gov/ct2/
show/NCT03808337

	77.	 Krug D, Vonthein R, Illen A, et al. Metastases-
directed radiotherapy in addition to standard 
systemic therapy in patients with oligometastatic 
breast cancer: study protocol for a randomized 

controlled multi-national and multi-center 
clinical trial (OLIGOMA). Clin Transl Radiat 
Oncol 2021; 28: 90–96.

	78.	 Gustave Roussy. Trial of superiority of 
stereotactic body radiation therapy in patients 
with breast cancer. ClinicalTrials.gov. https://
clinicaltrials.gov/ct2/show/NCT02089100

	79.	 Chmura SJ, Winter KA, Al-Hallaq HA, et al. 
NRG-BR002: a phase IIR/III trial of standard 
of care therapy with or without stereotactic 
body radiotherapy (SBRT) and/or surgical 
ablation for newly oligometastatic breast cancer 
(NCT02364557). J Clin Oncol 2019; 37: 
TPS1117.

	80.	 Pedrazzoli P, Ferrante P, Kulekci A, 
et al. Autologous hematopoietic stem cell 
transplantation for breast cancer in Europe: 
critical evaluation of data from the european 
group for blood and marrow transplantation 
(EBMT) registry 1990–1999. Bone Marrow 
Transplant 2003; 32: 489–494.

	81.	 European Organisation for Research and 
Treatment of Cancer – EORTC. E2-RADIatE: 
EORTC-ESTRO RADiotherapy InfrAstrucTure 
for Europe. ClinicalTrials.gov. https://
clinicaltrials.gov/ct2/show/NCT03818503

	82.	 Gangnam Severance Hospital. Local treatment 
in ER-positive/HER2-negative oligo-metastatic 
breast cancer. https://clinicaltrials.gov/ct2/show/
NCT03750396

	83.	 The Netherlands Cancer Institute. High dose 
chemotherapy in oligo-metastatic homologous 
recombination deficient breast cancer, https://
clinicaltrials.gov/ct2/show/NCT01646034

	84.	 Lehrer EJ, Singh R, Wang M, et al. Safety and 
survival rates associated with ablative stereotactic 
radiotherapy for patients with oligometastatic 
cancer: a systematic review and meta-analysis. 
JAMA Oncol 2021; 7: 92–106.

	85.	 Lecouvet FE, Oprea-Lager DE, Liu Y, et al. Use 
of modern imaging methods to facilitate trials of 
metastasis-directed therapy for oligometastatic 
disease in prostate cancer: a consensus 
recommendation from the EORTC Imaging 
Group. Lancet Oncol 2018; 19: e534–e545.

	86.	 Di Lascio S and Pagani O. Oligometastatic breast 
cancer: a shift from palliative to  
potentially curative treatment? Breast Care 2014; 
9: 7–14.

	87.	 Zugni F, Ruju F, Pricolo P, et al. The added 
value of whole-body magnetic resonance imaging 
in the management of patients with advanced 
breast cancer. PLoS One 2018; 13: e0205251.

Visit SAGE journals online 
journals.sagepub.com/
home/tam

SAGE journals

https://journals.sagepub.com/home/tam
https://clinicaltrials.gov/ct2/show/NCT03808337
https://clinicaltrials.gov/ct2/show/NCT03808337
https://clinicaltrials.gov/ct2/show/NCT02089100
https://clinicaltrials.gov/ct2/show/NCT02089100
https://clinicaltrials.gov/ct2/show/NCT03818503
https://clinicaltrials.gov/ct2/show/NCT03818503
https://clinicaltrials.gov/ct2/show/NCT03750396
https://clinicaltrials.gov/ct2/show/NCT03750396
https://clinicaltrials.gov/ct2/show/NCT01646034
https://clinicaltrials.gov/ct2/show/NCT01646034
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

