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Objectives: Upon completion of this article, the reader will
be able to identify the available ablative and intra-arterial
therapies and outcomes for liver metastases from breast
cancer and gynecologic malignancies.
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Breast cancer is the most common women’s malignancy in
the United States and is the second leading cause of cancer

death. The American Cancer Society (ACS) estimates that in
2017, a total of 255,180 Americans will be diagnosed with
breast cancer and with 41,070 deaths.1 In fact, one in eight
women in the United States will be diagnosed with breast
cancerwithin their lifetime.2With regard to gynecologicmalig-
nancies, the ACS estimates 107,470 diagnoses in 2017, with
31,600 deaths.1 Of these malignancies, ovarian cancer is the
leading cause of death from gynecologic cancer in the United
States.1 The management of hepatic metastatic disease in
women with breast and gynecologic malignancies continues
to pose a difficult clinical management scenario. In metastatic
breast cancer (MBC), more than 50% of patients develop liver
metastases over the course of their disease.3–5 Gynecologic
cancers that metastasize to the liver are most often seen in the
setting of disseminated disease.6–8 The majority of patients in
thesegroupsarenotcandidates for surgical resection secondary
to extent of disease spread. For these patients, locoregional
therapy may play a role in stabilizing hepatic tumors and/or
palliating cancer-related symptoms.
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Abstract Breast cancer is the most common women’s malignancy in the United States and is
the second leading cause of cancer death.More than half of patients with breast cancer will
develophepaticmetastases; thisportendsapoorerprognosis. In theappropriately selected
patient, there does appear to be a role for curative (surgery, ablation) or palliative (intra-
arterial treatments) locoregional therapy. Gynecologic malignancies are less common and
metastases to the liver aremost often seen in the setting of disseminated disease. The role
of locoregional therapies in these patients is not well reported. The purpose of this article is
to review the outcomes data of locoregional therapies in the treatment of hepatic
metastases from breast and gynecologic malignancies.
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Breast Cancer

Metastatic breast cancer to the liver portends a poor prog-
nosis, with hepatic failure causing death in 20% of patients.3

Furthermore, compromised liver function necessitates che-
motherapy dosing modification, which can limit its antitu-
mor effectiveness.9–11 The National Comprehensive Cancer
Network (NCCN) Breast Cancer Panel updated its clinical
practice guidelines in May 2016 to reflect several emerging
trends in the treatment ofMBC.12 These offer a glimpse into a
shifting paradigm for the treatment of MBC patients toward
newer, less invasive, and more targeted therapies specific to
the location and biology of disease. Importantly, minimizing
toxicity and preserving quality of life is prioritized. These
concepts, meant to promote the application of systemic
therapies in patients with MBC, also highlight the potential
impact of locoregional treatments provided by interven-
tional radiologists.

Liver metastases are considered a manifestation of sys-
temic disease, requiring palliative/noncurative manage-
ment. Surgical resection may play a role in the
management of MBC patients, but few present with isolated
liver disease, limiting candidacy to less than 1% of patients.
Surgical resection is best performed following rigorous
selection criteria. The ideal candidates for surgical resection
are patients with solitary lesions (<4–5 cm), with stable
disease following neoadjuvant systemic therapy, and a delay
between primary lesions and metastases of longer than
2 years (a marker for favorable biology).13 Ideally, a radical
resection can be performed. In these patients, results are
mixed, withmedian time to recurrence of 10 to 36months,14

and 5-year overall survival (OS) rates ranging from 12 to 75%.
Tumor recurrence is seen in 60% of patients.13,14

Given the limitations of surgical resection, other locor-
egional therapies have been explored. Several studies have
investigated the role of thermal ablation in the treatment of
liver metastases from breast cancer. Ablation may be con-
sidered in patients with limited tumor burden not amenable
to surgery due to comorbidities, including patients with
small solitary lesions, metachronous lesions, and unresect-
able lesions that demonstrate partial or complete response
following neoadjuvant chemotherapy.15 The local tumor
response rates from thermal ablation range from 63 to
97%,16–21 with median survival ranging from 10.9 to
60 months.19–22 Sofocleous et al19 and Meloni et al21 have
independently reported 5-year OS rates of approximately
30% following radiofrequency (RF) ablation. Limited data
with microwave ablation exist in the setting of MBC;23,24

these case series have comparable results to RF ablation.15

Unfortunately, most patients do not present with a tumor
burden amendable to ablation.

Intra-arterial therapies are most often employed in the
treatment of MBC to the liver in the salvage setting (i.e.,
patients with none or limited systemic options) or during
systemic chemotherapy holidays/breaks. These therapies are
considered for patients who have no extrahepatic disease or
stable limited extrahepatic disease and progression of hepa-
tic tumors. The goal of these therapies is to target the hepatic

disease burden while preserving liver function; tumor
debulking offers palliation of abdominal pain from large
hepatic masses.25,26 These treatments deliver therapeutic
agents directly to the tumor vasculature, achieving high
locoregional tumor doses without the toxicity profile seen
with similar doses administered systemically. There are
several intra-arterial therapies that can be provided to treat
primary/secondary hepatic malignancies. The patient selec-
tion criteria, rationale for intra-arterial therapies, and tech-
nical considerations for these therapies have been previously
described.27–30

Hepatic arterial infusion (HAI) chemotherapy involves the
placement of an indwelling infusion catheter into the hepatic
artery following surgical implantation of a chemotherapy
pump to deliver sustained intra-arterial chemotherapy. This
technique is more commonly employed for the treatment of
patients with metastatic colon cancer to the liver; there is
limited published evidence to support its application for
patients with MBC to the liver. A small series by Ang et al
reported HAI chemotherapy with combination systemic che-
motherapy in nine patients with MBC to the liver.31 These
patients were heavily pre-treated, receiving a median of six
lines of systemic therapy. The overall response rate was 78%,
similar to prior HAI studies.32 Themedian time to progression
of liver diseasewas 6months, with amedian OS of 17months.
Another small series by Nielsen et al reported HAI in 16
patients (9 ofwhohadpump implantation) using capecitabine
and oxaliplatin. The majority of patients (11/16) had liver and
bone metastatic disease. Patients had previously undergone a
median of two prior lines of chemotherapy. The authors
reported a response rate of 50% by Response Evaluation
Criteria In Solid Tumors (RECIST), with median progression-
free survival of 7.9 months, and median OS of 19.2 months.33

Conventional transarterial chemoembolization (cTACE)
delivers cytotoxic chemotherapeutic drug(s) mixed with
iodinated oil (lipiodol). The lipiodol emulsifies the che-
motherapy and aids visualization during administration.
An embolic agent (particles or Gelfoam) completes the
therapy; this prevents drug washout (increasing drug dwell
time and reducing systemic bioavailability) and promotes
tumor ischemia. In a large series, Vogl et al reported out-
comes of cTACE with mitomycin C � gemcitabine in 208
patients with MBC. By RECIST criteria, partial response was
seen in 13% (27/208), stable disease in 50.5% (105/208), and
progressive disease in 36.5% (76/208). The 1- and 3-year
survival rates following cTACEwere 69 and 33%, respectively.
The median OS was reported to be 18.5 months.34 A follow-
up series by Vogl et al used the same cTACE regimen in 161
patients with MBC being down-staged to laser-induced
thermotherapy.35 The authors reported a mean OS of
32.5 months. Eichler et al reported results of cTACE in
43 patients with gemcitabine three times, over a 4-week
interval.36 By RECIST criteria, partial response was seen in 3
patients (7%), stable disease in 16 (37%), and progressive
disease occurred in 22 (51%). The authors reported a median
OS of 10.2 months similar to prior smaller series.37

Drug-eluting embolic chemoembolization involves the ad-
ministration of microspheres loaded with a chemotherapeutic
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(often doxorubicin) to the tumor vasculature. There is limited
published data: Martin et al reported doxorubicin-based DEE-
TACE in 40patients.38Within the cohort, themajorityof patients
(62%) had less than 25% liver disease burden, while 57% had
extrahepatic disease. All patients in the cohort had previously
undergone at least two lines of prior systemic chemotherapy. At
3 months of follow-up, 58% of patients (n ¼ 23) had an imaging
response by mRECIST criteria, with a reported median OS of
47 months.38 A recent study by Lin et al examined the use of
doxorubin loaded75to150µmdiameterDEEs inthetreatmentof
23 patientswithMBC refractory to two ormore lines of systemic
chemotherapy.39 At 3-month follow-up, 13 (57%) patients had a
stable disease, 6 (26%) patients had partial response, and 4 (17%)
patients demonstrated progressive disease. The authors reported
a median OS of 17 months.

Radioembolization employs small microembolic micro-
spheres (20–40 µm) to deliver a β-emitting isotope, yttrium-
90 (Y90), to hepatic tumors. Haug et al studied radioembo-
lization with resin microspheres in 58 patients with MBC.40

The majority of patients (66%) had less than 25% hepatic
disease burden, with 38 patients (66%) presenting with
extrahepatic disease. This cohort had been heavily pre-
treated, with a mean of 3.1 prior lines of chemotherapy.
Partial response was observed in 25.6 and 11.6% had pro-
gressive disease by RECIST. Based on 18F-FDG PET/CT, the
response rate was 51% (22/43) defined as a 30% decreased in
SUVmax. The authors found a median OS of 11 months
following radioembolization. Cianni et al treated 52 patients
with radioembolization.41 Within this cohort, patients had
previously undergone amedian of four prior lines of systemic
chemotherapy. The authors reported a partial response rate
of 56%, and stable disease in 35% by RECIST criteria. PET/CT
imaging response defined as any reduction in metabolic
activity was 81%. Overall, the authors found median OS of
11.5 months in this cohort, with a significant difference in
median OS between patients with and without extrahepatic
disease (8.2 vs. 14.3months, respectively, p < 0.0001). These
results were similar to an earlier study by Jakobs et al in
30 patients, with a reported partial response of 61%, and
stable disease in 35% by RECIST criteria, with a median OS of
11.7 months.42 Saxena et al reported on a series on
40 patients with an overall response rate of 31.6% with
partial response in 20%, stable disease in 39%, and progres-
sive disease in 28.9% of patients by RECIST criteria The
median OS was 13.6 months in this series.43 Gordon et al
described radioembolization with glass microspheres in
75 patients with breast cancer liver metastases and stable
extrahepatic disease.44 Partial response was seen in 35.3%,
stable disease in 63.2%, and progressive disease in 1.5% of
patients by RECIST criteria. On multivariate analysis, nega-
tive prognosticators for survival included hepatic tumor
burden greater than 25% and serum bilirubin greater
than 1.1 mg/dL. For the entire cohort, the median OS was
6.6months, with amedianOS of 9.3months for patientswith
less than 25% tumor burden. Fendler et al treated 81 patients
with radioembolization using resin microspheres.45 The
authors noted a 52% response rate with follow-up 18F-FDG
PET/CT defined as a 30% decrease in SUVmax. On multivariate

analysis, the authors found tumor-to-liver ratio greater than
50% was a negative prognosticator for OS. In this cohort, the
median OSwas 8.2months. Pieper et al published on a cohort
of 44 patients treated with radioembolization with resin
microspheres.46 This was a heavily pretreated cohort, with
73% (n ¼ 32) having previously undergone more than five
lines of systemic chemotherapy. The majority of patients
(n ¼ 25, 57%) had greater than 25% tumor burden. By RECIST
criteria, partial response was seen in 39.5%, stable disease in
42.1%, and progressive disease in 18.4% of patients. The
authors reported a median OS of 6.1 months.

The cumulative published evidence, while not prospec-
tive or randomized, suggests that radioembolization pro-
vides lower rates of targeted disease progression than cTACE
in the setting of MBC (►Table 1). A final concept is the
potential for combining systemic and locoregional therapies
for patients with MBC; a clear limitation of locoregional
therapy is that it only treats existing and targeted disease in
the organ of interest (often the liver). Combining these
therapies is especially appealing with radioembolization
and radiosensitizing systemic agents active against MBC. A
recent prospective study demonstrated the safety of radio-
embolization with glass microspheres and concomitant oral
capecitabine.25 Four (5%) of the patients in this study had
MBC to the liver (►Fig. 1). Future studies should evaluate the

Table 1 Results of intra-arterial therapy for metastatic breast
cancer

Chemoembolization

Author Year N Disease
control
(RECIST)

Lin et al39 2017 23 83%

Eichler et al36 2013 43 44%

Martin et al38 2012 40 58%

Vogl et al35 2011 161 56%

Cho et al37 2010 10 40%

Vogl et al34 2010 208 63%

Overall 485 59%

Radioembolization

Pieper et al46 2016 44 71.1%

Gordon
et al44

2014 75 98.5%

Cianni et al41 2013 52 91.4%

Saxena et al43 2013 40 71.1%

Haug et al40 2012 58 88%

Fendler
et al45

2016 81 52%

Overall 335 78%

Abbreviation: RECIST, Response Evaluation Criteria in Solid Tumors.
Note: Disease control: complete response þ partial response þ stable
disease by RECIST criteria.
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synergistic effect of these therapies and the impact on
disease control and OS.

Gynecologic Malignancies
Of gynecologic malignancies, ovarian cancer has the highest
mortality, with the majority of patients presenting with
advanced disease47–49 and a 5-year OS ranging from 5 to
20%. Tumors often spread through direct seeding of the
peritoneal cavity, with lymphatic dissemination seen in the
minority of patients.50 Isolated hepatic parenchymal metas-
tases (rather than peritoneal seeding) are rare (<10% of cases),
with liver metastases seen in the setting of disseminated
disease, with resultant poor survival.49 Endometrial and
cervical cancer metastases to the liver are also rare, ranging
from 7 to 10% of metastatic disease.51 With ovarian cancer
specifically, patients with unresectable parenchymal metas-
tases have poorer OS and rapid progression compared with
patients with peritoneal hepatic seeding amenable to resec-
tion.52 In few patients who are candidates for surgical resec-
tion, median survival times vary widely ranging from 7 to
27 months in small case series.53–55 Palliative therapeutic
options are thus themainstay for treatment for these patients.
Experience with liver-directed therapy in these patients is
limited to small case series.56,57 In the largest published series,
Vogl et al reported outcomes following cTACE in 65 women
with unresectable ovarian hepatic parenchymal metastases
following progression on third line chemotherapy. According
to RECIST criteria, partial response was seen in 16.9%, stable
disease in 58.5%, and progressive disease in 24.6%. Themedian
OSwas 14months, with 1- and 3-year OS rates of 58 and 13%,
respectively.56

Conclusion

Locoregional therapies have an acceptable safety profile and
prove efficacious in the setting of chemotherapy refractory
hepaticmetastases frombreast cancer. Limited experience in
metastatic gynecologic malignancies also demonstrates
technical feasibility and safety. However, the available data

are from heterogeneous cohorts studied retrospectively,
with varying technique, patient selection, and response
criteria. Given these limitations, the current data should be
used to guide future prospective trial design andmulticenter
data registries. These efforts will further clarify the role of
locoregional therapy in the treatment of patients with
hepatic metastatic disease from breast and gynecologic
cancers.
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