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Scope of Metastatic Breast Cancer

Metastatic breast cancer (MBC) remains the second cause of
cancer death in women, despite improvements in early
breast cancer detection and treatments, with a 5-year sur-
vival of only 27%.1 A subset of MBC, triple negative MBC
(TNMBC) has particularly poor prognosis with a 5-year
survival of 11% and a median survival of only 1 year.2 About
6 to 10% of breast cancer patients present with de novo
metastases (metastatic disease at the time of initial presen-
tation) and nearly 30% of early breast cancer will progress to
metastatic disease.3,4

Themost common sites of metastases in breast cancer are
liver, lung, bone, and brain, with liver comprising 50% of
metastatic cases.5 In addition, 5 to 12% of patients have liver
metastases as the primary site of breast cancer recurrence.5

Left untreated, survival is poor in patients with liver metas-
tases, ranging from 4 to 8 months.6 In patients with de novo
metastatic disease to the liver,median overall survival is only
15 months, and 8 months in the setting of triple negative
breast cancer.7 Overall, patients withMBC involving the liver
have a 5-year survival of only 3.8 to 12%.7

Standard of Care for Metastatic Breast
Cancer

Breast cancer is composed of several molecular subtypes
that show marked differences in tumor biology and clinical
behavior. Moreover, hormone expression and HER2neu
status may be discordant between primary tumors and
metastatic disease and loss of therapeutic target may also
develop between metastatic sites.8 Generally, systemic
therapy is based on endocrine therapy for hormone-posi-
tive disease, chemotherapy for TNMBC—with new addition
of immunotherapy with atezolizumab, and anti-HER2neu
gene antibodies such as trastuzumab or pertuzumab for
HER2neu-positive disease. PARP inhibitors, PI3K inhibitors,
and CDK4/6 inhibitors are novel with promising results.8

However, given the particular poor prognosis of liver me-
tastases despite optimal systemic therapy and given resec-
tion of liver metastases in breast cancer is typically not
feasible due to the presence of multisegmental liver disease
at the time of diagnosis, locoregional therapy may be
justified.9
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Abstract Metastatic breast cancer (MBC) remains the second cause of cancer death in women,
despite improvements in early breast cancer detection and treatments, with a 5-year
survival of only 27%. Patients with MBC involving the liver have a 5-year survival of only
3.8 to 12%. Systemic therapy is the cornerstone for the treatment of MBC according to
the National Comprehensive Cancer Network (NCCN) guidelines. Radioembolization is
not specifically prescribed by the NCCN guidelines in the treatment of MBC liver
metastasis, but is an emerging therapy with some promising results. The two primary
reasons to offer radioembolization would be to prolong life and to palliate and improve
quality of life. We review here the indications, contraindications, technique, case
examples, and unanswered questions.
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Indications and Contraindications

Radioembolization is not specifically prescribed by the Na-
tional Comprehensive Cancer Network (NCCN) guidelines in
the treatment of MBC liver metastasis, but is an emerging
therapy with some promising results. The two primary
reasons to offer radioembolization would be to prolong life
and to palliate and improve quality of life. Locoregional
therapy with external radiation to oligometastatic disease
has been shown to increase survival in a randomized trial,
though similar studies have not been conducted for embo-
lotherapies. Several studies have shown thatmedian survival
after radioembolization of breast cancer liver metastasis is
approximately 1 year, while these are retrospective studies,
these data are promising because typically the patients have
refractory cancer and have exhausted systemic therapy
options. Patients who have progressive liver metastases in
the setting of stable or decreasing extrahepatic metastases
are candidates for hepatic radioembolization, with the intent
to prolong the utility of the patient’s current systemic
therapy regimen, preserving other lines of therapy for future
use. This theoretical benefit has not been explicitly studied in
the context of breast cancer. Finally, liver metastases can be
painful; radioembolization may reduce growth and size of
hepatic tumors, palliating symptoms.

Absolute contraindications to radioembolization include
contraindication to angiography and visceral catheterization
(e.g., uncorrectable coagulopathy or anaphylactic reaction to
contrast), life-threatening comorbidity, progressive extrahepat-
icmetastasis thought to immediately threaten survival, pulmo-
nary insufficiency or clinically evident chronic obstructive
pulmonary disease, and liver failure. In regard to liver failure,
careful evaluation of preexisting hepatic function is important
in patient selection. Evidence of portal hypertension, including
more than trace ascites or history of hepatic encephalopathy,
precludes patients from undergoing radioembolization which
canworsen liver function. A relatively strict total bilirubin cutoff
of 2.0mg/dL is typically used, though any rapid increase in
bilirubin prior to radioembolization should delay treatment
until hepatic function improves or stabilizes. When large
volume/lobar treatments are planned, patients with tumor
burden of 10 to 70% are considered reasonable candidates;
historically, tumor replacement exceeding 70% of liver paren-
chymahas been considered a contraindication, primarily due to
microsphere manufacturer guidelines. ECOG status of 2 or
greater is a contraindication to radioembolization. Finally, prior
bilioenteric anastomosis or other procedure that disrupts the
ampulla leading to bacterial colonization of the bile ducts is a
relative contraindication, as radioembolization can lead to
infectiousbiliarycomplicationsat a rateof8% in thispopulation.
The latter groupofpatientsmaybesafely treatedwithantibiotic
prophylaxis (with or without bowel preparation) before and
after radioembolization.10

Technique

Radioembolization of breast cancer liver metastasis most
commonly involves large volume/lobar infusions of radioac-

tive microspheres, and infrequently may involve segmental
infusions for more localized disease. Patients undergo a
preliminary mapping procedure to calculate the lung shunt
fraction, which is typically low (<10%), and to define target
vessels. Most commonly, patients will then undergo two
lobar infusions separated by at least 4 to 6 weeks to allow for
recovery of liver function (►Fig. 1). Like colorectal cancer,
breast cancer is less arterially enhancing than hepatocellular
carcinoma, which may in turn entail higher radiation doses
to normal liver parenchyma. In these cases, dose reduction
and prolonging the interval between lobar treatments are
strategies that might mitigate deleterious effects on hepatic
function.

When localized microsphere infusions are planned, as in
cases of radiation segmentectomy, the target volume can be
ascertained from the mapping procedure and a dose calcu-
lated to exceed approximately 200 Gy, based on prior litera-
ture primarily in the context of hepatocellular carcinoma.
Newer data suggest that the new threshold ablative dose for
hepatocellular carcinoma radiation segmentectomy is more
than 400 gray, which was showed to result in complete
pathologic necrosis.11 It may be necessary to use large
particle bland embolization, such as with Gel Foam slurry,
to “protect” areas distal to target vessels and boost the
radiation dose to tumor (►Fig. 2). Though most data con-
cerning radiation segmentectomy are regarding hepatocel-
lular carcinoma, one small study that included one patient
with breast cancer suggested high objective response and
low complication rates.

Reported Outcomes

Outcomes reported after radioembolization include surviv-
al statistics, imaging response, and toxicities. Like for other
embolotherapies, imaging response after radioembolization
is well correlated with overall survival and may therefore be
considered a surrogate marker of survival. Medial overall
survival after treatment ranges from 6 to 13 months, likely
reflecting differences in patient selection by institution.
Reported imaging response is also variable, and reflects
differences in response to evaluation criteria. By RECIST
criteria, disease control rates range from approximately 70
to more than 90%. As in colorectal cancer, metabolic imag-
ing appears more sensitive to response, with objective
response rates of 70% or higher. Imaging response by
PERCIST criteria is seen by 1 to 2 months and persists until
at least 6 months.

Toxicities include complications such as nontarget em-
bolization and negative impact on liver function, the worst
of which manifests as radioembolization-induced liver
failure. Radioembolization of breast cancer liver metasta-
sis has been reported to carry less than 15% of grade 3 and
higher adverse events. Higher pre-radioembolization
baseline bilirubin levels are associated with grade 3 and
greater hepatotoxicity after treatment. These findings
highlight the importance of assessing baseline hepatic
function when evaluating patients’ candidacy for
radioembolization.
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The other primary embolotherapy offered for metastatic
breast cancer is transarterial chemoembolization (TACE).
One retrospective single-institution study comparing
TACE and radioembolization for MBC reported better imag-
ing outcomes and lower complication rates for radioembo-
lization compared with TACE. Comparing the two
modalities, several retrospective studies show better imag-
ing outcomes for radioembolization; survival outcomes
have wide variability between centers. Given that radio-
embolization yields better imaging outcomes, which are
associated with longer survival and lower complication
rates, and that radioembolization is associated with better
quality of life and lower hospitalization rates compared
with TACE in the context of hepatocellular carcinoma, it
is reasonable to offer radioembolization preferentially to
TACE as a locoregional therapy for breast cancer liver
metastasis.

Unanswered Questions

There are many unanswered questions regarding utiliza-
tion of radioembolization in patients with MBC. While
many of the existing studies of radioembolization have
been done in the setting of chemorefractory
disease/salvage therapy, the optimal timing of liver-direct-
ed therapy is not known. One study suggests that radio-
embolization within 6 months of diagnosis of hepatic
metastatic disease results in improved overall survival;
however, more clinical data are needed to help guide the
timing of radioembolization with respect to the line of
systemic therapy.12 It is not definitively known if out-
comes are better if radioembolization is offered earlier
during the course of a patient’s disease. Whether systemic
therapy should be held and for how long prior to radio-
embolization is unclear. The patient’s receptor status may

Fig. 1 Radioembolization of multifocal bilobar breast cancer liver metastasis. (a) PET/CT in a 57-year-old woman with metastatic breast cancer
demonstrates bilobar hepatic metastases that were progressing, while extrahepatic metastases were stable or decreasing. (b) Given the
multifocality of lesions, two lobar treatments were planned; intraprocedural CTA demonstrates the territory of the right hepatic treatment.
(c) Right lobar radioembolization was performed first, as the bulk of disease was present in the right lobe. Glass microspheres were used, with a
target dose of 120 Gy. (d) Preferential uptake into tumor was noted on the post-administration bremsstrahlung SPECT/CT. (e) PET/CT 2 months
later demonstrates a complete response in the treated right lobe, with progression of disease in the left lobe. (f) The patient subsequently
underwent left lobar radioembolization, with partial response on PET/CT. (g) By 9 months after the initial right lobe radioembolization, the
patient had developed new lesions in both hepatic lobes and in extrahepatic sites. However, locoregional therapy to progressive liver metastasis
in the patient delayed a change in systemic therapy by several months.
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be helpful to guide utilization of liver-directed therapy.
Estrogen receptor positivity appears to be a positive
predictor of prolonged survival, but there is paucity of
solid evidence. There may be a synergistic effect of sys-
temic therapy and radioembolization, but this hypothesis
requires further exploration. Finally, personalized dosim-
etry is likely to improve the efficacy and safety of radio-

embolization in clinical practice and prospective studies
with utilization of voxel-based dosimetry are necessary.

Conclusion

Although there have beenmany advances in the treatment of
breast cancer, the prognosis for patients with metastatic

Fig. 2 Radiation segmentectomy for caudate breast cancer metastasis. (a) Contrast-enhanced CT in a 45-year-old woman with metastatic breast
cancer demonstrates an enlarging caudate tumor, without any right lobe lesions, in the absence of extrahepatic metastatic disease. The lesion
was not considered amenable to thermal ablation given its size and location. (b) Intraprocedural CTA during the mapping demonstrates that the
caudate is supplied by the anterior right hepatic artery. (c) The caudate artery is the first, medially traversing, branch of the anterior right hepatic
artery. The vessel could not be directly cannulated despite attempting directional microcatheter deployment. (d) On the day of treatment, the
right anterior hepatic artery was embolized with Gel Foam slurry distal to the caudate artery takeoff, to redirect flow of microspheres to the
caudate vessel. (e) A dose calculated for the right lobe was delivered after embolization, with dense uptake in the caudate noted on the post-
administration bremsstrahlung SPECT/CT. (f) Follow-up contrast-enhanced CT 8 weeks later shows complete response in the caudate tumor.
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disease remains poor and treatment is primarily palliative.
Radioembolization has emerged as a viable therapy for
patients with liver-dominant MBC who have preserved liver
function and a good performance status. While there are
many unanswered questions, it has been shown to be safe,
effectively kill tumor, potentially increase survival, preserve
quality of life, and allow for hepatic controlwithout changing
systemic therapy. Further investigation is clearly needed to
help personalize treatment of these patients and optimize
liver-directed therapy in conjunction with systemic therapy.
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