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Objectives: Upon completion of this article, the reader will
be able to discuss the available intra-arterial therapies and
outcomes for livermetastases frombreast cancer,melanoma,
pancreatic adenocarcinoma, and sarcomas.
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Liver metastases are found in approximately half of
patients with metastatic cancer. The liver resembles a

lymph node, in the sense that it has two vascular inputs
(hepatic artery and the portal vein) and one outlet (hepatic
vein), serving as a lint trap for hematogenous cancer
cells. The liver is also highly structured and compartmen-
talized and has its own resident immune cells. Metastases
may arise due to arterial circulation and lymphatic
spread, but these are thought to occur less frequently
than cells depositing in the liver via portal circulation.
Common sources of liver metastases are cancers such
as lung cancer (23–25%) and those carcinomas of the
gastrointestinal tract including colon (13–16%), pancreas
(11–18%), and stomach (6–11%). The liver is also a site of
metastases from carcinomas of the breast (7–10%), uveal
and cutaneous melanoma (2%), and rarely soft-tissue
sarcomas.1,2

If a patient presents with an isolated lesion, it should be
approachedwith surgical resection, if possible. Unfortunate-
ly, the vast majority of patients with metastatic liver
tumors are not surgical candidates due to extrahepatic
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Abstract Intra-arterial therapies have high antitumor activity for both primary and secondary
hepatic malignancies. Selective infusions allow increased delivery of cytoreductive
therapy to the tumor bed while sparing the normal hepatic parenchyma. These
therapies are now often applied in the outpatient setting or with short overnight
hospital stays and have a growing role in the treatment of liver-dominant disease from
metastatic colorectal cancer and from neuroendocrine tumors. Less commonly, intra-
arterial therapies are applied to treat secondary hepatic malignancies from breast
cancer, melanoma, pancreatic adenocarcinoma, and soft-tissue sarcomas. The avail-
able data are limited and generally retrospective observational cohort series of single
institutions. The purpose of this article is to summarize the recent literature on
outcomes for intra-arterial therapy in nonsurgical patients. Multi-institutional registries
and prospective data are greatly needed, as intra-arterial therapies are increasingly
applied in these patients to stop progression of chemorefractory tumors.
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disease, the distribution and extent of liver involvement, or
comorbidities that create unfavorable surgical risk. More-
over, the number, size, shape, or location of lesions precludes
technically successful ablation in many patients. In these
cases, intra-arterial therapy may be applied to stop the
progression of hepatic disease. Tenets of intra-arterial ther-
apy are as follows: (1) preferential arterial flow to tumors
allowing increased delivery of therapeutics to the tumor
tissues in comparison to normal hepatic tissue, (2) use of
imaging to map the arterial anatomy and allow selective
(lobar) or superselective (segmental) infusions of therapeu-
tics to accomplish tumor coverage while minimizing treated
liver volumes, (3) modification of hepatic arterial flow to
prevent off-target deposition or occlusion of parasitized
vessels to reestablish hepatic arterial flow to intrahepatic
tumors, (4) assessment of imaging response for target dis-
ease in comparison to baseline imaging, (5) treat-to-re-
sponse principle with repeat interventions in the setting of
preserved eligibility.

Patient Selection

Prior to intra-arterial therapy, standard of care chemothera-
py should be completed. The liver should be the dominant
site of active disease, and liver metastases may result in
abdominal pain. The best outcomes for intra-arterial therapy
are observed in patients with Eastern Cooperative Oncology
Group (ECOG) performance status of 0–1, preserved liver
function (albumin, bilirubin, international normalized ratio
within normal limits), and tumor burden of less than 25%.
Moreover, patients must be able to undergo baseline and
follow-up imaging as well as visceral arterial angiography
with antegrade hepatic arterial flow. Lesions are ideally
hypervascular, but hypovascular tumors can safely be
treated as well.3

Intra-arterial Therapies

The goal of intra-arterial therapy is to infuse chemotherapy,
embolotherapy, or radiotherapy into the tumor vasculature
to achieve high locoregional tumor doses without the
toxicity profile that would be observed for similar doses
administered systemically. Hepatic arterial infusion chemo-
therapy (HAIC) involves the introduction of an indwelling
catheter into the hepatic artery and surgical implantation of
a chemotherapy pump that delivers sustained intra-arterial
chemotherapy. Conventional transarterial chemoemboliza-
tion (cTACE) involves the delivery of cytotoxic chemothera-
peutic drug(s) often mixed with iodinated-oil (lipiodol) for
visualization of tumor uptake on noncontrast computed
tomography (CT). Some advocate particle or gelatin sponge
(Gelfoam; 100–300, 300–500, and 500–700 µm) emboliza-
tion to induce tumor ischemia and increase the dwell time
of the drug–oil mixture. Transarterial embolization (TAE)
with bland beads has also been applied. Chemoemboliza-
tion with drug-eluting beads (DEBs) loaded with doxorubi-
cin or irinotecan has been a newer approach for intra-
arterial therapy. Yttrium-90 radioembolization (Y90) is a

mechanistically different approach that delivers high doses
of radiation therapy accomplished with hepatic arterial
infusion of microembolic (20–40 µm) glass or resin micro-
spheres that deliver β-radiation to the tumor bed. The
rationale for intra-arterial therapies and technical consid-
erations for these therapies have been previously de-
scribed.4–7 The purpose of this article is to summarize
the recent literature on outcomes for these intra-arterial
therapies that can be offered to nonsurgical patients with
liver metastases.

Breast Cancer

More than half of patients with metastatic breast cancer
develop liver metastases during the course of treatment,
and liver lesions are commonly found (62–72%) on autop-
sy.8–10 In patients with oligometastatic disease, there may
be a role for locoregional therapy.11 Liver tumors are
difficult to treat with systemic chemotherapy, as the liver
is the site of posttreatment progression in the majority of
these cases, and these tumors will eventually progress on
systemic chemotherapy.9 Intra-arterial therapy may be
applied during a break or switch in systemic chemotherapy
for patients who have stable extrahepatic disease and
progression of hepatic tumors. These interventions may
temporarily arrest hepatic progression and preserve liver
function in these cases. Moreover, intra-arterial therapy
may allow for tumor debulking for palliation of abdominal
pain from large masses. Given the available data in liver
metastases from metastatic breast cancer, rates of progres-
sion of target disease are higher after chemoembolization
than radioembolization, and a limited number of publica-
tions are available on hepatic artery infusion chemotherapy
and DEB chemoembolization in these patients. The ratio-
nale for radioembolization in these heavily pretreated
patients includes that the mechanism of action is not
limited by chemoresistance providing high response rates,
preservation of eligibility for systemic chemotherapy, and
potential for combination with systemic chemotherapies
such as capecitabine for control of extrahepatic
disease.12,13

Hepatic Artery Infusion
Ang et al described hepatic artery infusion chemotherapy
and combination systemic chemotherapy (irinotecan in
seven of nine) in nine patients with metastatic breast
cancer liver metastases.14 Prior to HAIC, these patients
had undergone a median of six lines of systemic chemo-
therapy. Patients were treated with floxuridine and dexa-
methasone 25 mg (þ mitomycin C in seven patients) on
days 1 to 14 of 4-week cycles. Toxicities were grade 3/4
elevations in transaminases in four patients, one pump
malfunction, and one hepatic arterial dissection complicat-
ed by occlusion of the common hepatic artery and pancre-
atitis. The overall response rate was 78%, similar to the 81%
measured by Arai et al.15 The median time to progression of
liver disease was 6 months. The median overall survival
(OS) was 17 months.
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Conventional Transarterial Chemoembolization/Bland
Embolization
Cho et al tailored chemotherapeutic drug (doxorubicin,
cisplatin þ gemcitabine, cisplatin, oxaliplatin) to patients’
chemotherapy history in 10 patients who underwent che-
moembolization.16 Seven had nausea, vomiting, abdominal
pain. Six had progressive disease per Response Evaluation
Criteria In Solid Tumors (RECIST). The median OS was 12
months.

Vogl et al applied mitomycin C � gemcitabine chemo-
embolization in 161 patients with breast cancer liver metas-
tases being downstaged to laser-induced thermotherapy.17

There were no early deaths or major complications reported.
Progressive disease per RECISToccurred in 71 patients (44%).
The median OS was 32.5 months.

Eichler et al treated 43 patients with gemcitabine chemo-
embolization.18 Grades 1 to 2 nausea and vomiting were
observed in 23 patients (56%). Progressive disease per RECIST
occurred in 22 patients (51%). The median OS was 10.2
months.

Drug-Eluting Beads
Martin et al reported doxorubicin-based DEB chemoembo-
lization in 40 patients.19 At baseline, 30 (75%) patients had
less than 25% liver burden and 22 (55%) had extrahepatic
disease. Patients received 75-mg doxorubicin for each 2 cm3

vial, and the operator determined the number of infused
vials per session. Themedian number of treatments was two
and the median cumulative doxorubicin dose was 250 mg.
Adverse events were rare. One patient required cholecystec-
tomy 6 weeks after treatment due to gallbladder emboliza-
tion. All patients were alive at 3 months and 23 (57.5%) had
an imaging response (endpoint was enhancement per mRE-
CIST criteria). The median OS was 47 months.

Y90
Haug et al applied radioembolization in 58 patients.20 Three
(5.2%) had grade 3/4 bilirubin toxicity. Partial response was
observed in 25.6% (11/43), and 11.6% (5/43) had progressive
disease per RECIST. Based on 18F-FDG positron emission
tomography/computed tomography (PET/CT), the response
rate was 51% (22/43) defined as a 30% decreased in SUVmax.
The median OS was 11 months.

Cianni et al examined radioembolization in 52 patients.21

Late complications included radioembolization-induced liv-
er disease in two patients (3.8%) with more than 50% tumor
burden and grade 3 gastritis (3.8%). A partial response rate of
56% was reported according to RECIST. PET/CT imaging
response defined as any reduction in metabolic activity
was 81%. The median OS was 11.5 months.

Saxena et al reported a series on 40 patients with ECOG 0
(82.5%) or 1 (17.5%).22Nausea and vomitingwere observed in
25%, abdominal pain in 20%, and fatigue in 15%. The overall
response rate was 31.6% (12/38) with progressive disease in
28.9% (11/38) per RECIST. Median OS was 13.6 months.

Gordon et al studied radioembolization with glass micro-
spheres in 75 patients with breast cancer liver metastases
and stable extrahepatic disease.23 Clinical grade 3/4 toxic-

ities were abdominal pain (6.1%), nausea (1.5%), and fatigue
(1.5%). One patient required cholecystectomy for radiation
cholecystitis, and the 30-day mortality rate was 4%. Partial
response was observed in 35.3%. At baseline, hepatic tumor
burden 25% or greater and elevated serum bilirubin more
than 1.1 mg/dL were adverse prognosticators for OS. For
patients with less than 25% tumor burden, the median OS
was 9.3 months.

Fendler et al applied resin microspheres in 81 patients.24

The most common grade 3/4 toxicities were transaminitis
(39%) and elevated GGT (36%). Increased rates of nausea,
elevated bilirubin, gastrointestinal ulceration, and radioem-
bolization-induced liver disease (REILD) were observed with
the whole liver technique in comparison to the accepted
practice of sequential bilobar technique. The authors noted a
52% response rate with follow-up 18F-FDG PET/CT defined as
a 30% decrease in SUVmax for up to five treated lesions. Liver
tumor burden was an adverse prognosticator for OS. The
median OS was 8.2 months.

Pieper et al recently published cohort of 44 patients
treated with radioembolization primarily with resin micro-
spheres.25 Thirteen patients (29.5%) had new or worsening
ascites within 3 months, one patient (2.2%) had duodenal
ulceration requiring surgery, and the 30-day mortality rate
was 4.8%. Partial response (RECIST v1.1) was 39.5% in the
treated liver. The median OS was 6.1 months.

Melanoma

Uveal melanoma frequently metastasizes to the liver (60%)
and lungs (20%) at a median time of 5 years after enucle-
ation.26 The liver ismore commonly a site ofmetastases from
ocular melanoma (95%) than cutaneous melanoma (20%),
and patients with liver metastases very rarely respond to
systemic chemotherapies. Systemic therapies benefitting
patients with cutaneous melanoma have been applied in
uveal melanoma with less success, and historic overall
response rates are usually 10% and almost always less than
20% for first-line therapies.27 As a result of these low re-
sponse rates, regional therapy for liver metastases from
ocular melanoma has been the mainstay initial treatment
approach. Surgical resection of liver tumors is the best
approach for select patients; however, more than 90% of
patients are not candidates for surgery. Recurrence after
surgery occurs in 75% of patients.28 Locoregional intra-
arterial therapies frequently provide overall response rates
exceeding 10% without reductions in OS.

Liver metastases from ocular melanoma tend to be hyper-
vascular, and many authors report enhancement criteria for
assessment of imaging response such as EASL (bidimen-
sional) and mRECIST (unidimensional). However, generally
it should be noted that these imaging criteria were specifi-
cally developed and validated for hepatocellular carcinoma.
Moreover, intra-arterial therapies that are highly embolic
may alter early arterial enhancement even in the setting of
preserved tumor viability. Therefore, size-based criteria like
WHO (bidimensional) and RECIST v1.1 (unidimensional) are
more appropriate for reporting purposes because they have
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been broadly applied in a variety of primaries and are often
used in systemic chemotherapy trials.

Hepatic Artery Infusion
Leyvraz et al completed a phase III randomized controlled
trial in 171 patients treated with intravenous (IV) or hepatic
intra-arterial fotemustine for isolated liver metastases from
uveal melanoma.29 Median follow-upwas 5.6 years. Patients
received 100 mg/m2 on days 1, 8, 15, and 22 (for HIA arm
only) as induction therapy with maintenance every 3 weeks
after a 5-week break postinduction. Patients treated with
HIA had fewer systemic toxicities including reduced rates of
grade 3/4 thrombocytopenia (21.2% vs. 42.1%) and neutro-
penia (28.7% vs. 62.6%). Device-related complications related
to the implanted catheter occurred in 31.8% and included
stenosis, thrombosis, dissection, ormisperfusion; ultimately,
16.7% of patients discontinued treatment due to catheter
dysfunction. HIA treatment with fotemustine did not trans-
late into a significantly improved OS compared with IV
treatment: the median OS was 14.6 versus 13.8 months for
HIA comparedwith IV, respectively. However, HIA had better
progression-free survival (PFS; 4.5 vs. 3.7 months) and
response rate at 1 year (10.5% vs. 2.4%) compared with IV.

Conventional Transarterial Chemoembolization/Bland
Embolization
In 2015, Gonsalves et al published a retrospective series on
50 patients with uveal melanoma liver metastases (�50%
liver tumor burden) treated with 200 mg 1,3-bis-(2-chlor-
oethyl)-1-nitrosourea (BCNU) chemoembolization in pa-
tients without extrahepatic metastases.30 Median PFS was
5.0 months and median OS was 7.1 months with stable
disease and partial response in 66% and 4%, respectively
(per RECIST).

Valsecchi et al reported a randomized phase II trial of
immunoembolization (GM-CSF þ bland embo) versus bland
embolization (lipiodolþ Gelfoam) in 52 patients with isolat-
ed liver metastases from uveal melanoma and less than 50%
hepatic tumor burden.31 Overall response rates were 21.2%
and 16.7%, respectively, without grade 4/5 toxicity. With
median follow-up of 19.1 months, the immunoembolization
group demonstrated longer PFS (10.4 vs. 7.1 months) and
longer OS (21.5 vs. 17.2 months).

Drug-Eluting Beads
Carling et al compared intra-arterial chemoembolization
with 100 to 300 µm DEBs loaded with irinotecan (DEBIRI;
n ¼ 14) to IV infusion of dacarbazine (n ¼ 14).32 Pain and
stasis are common after DEBIRI, and the intended irinotecan
dose could not be delivered in half of the patients in this
study. After treatment with DEBIRI, 64% (9/14) of patients
experienced major complications, including liver dysfunc-
tion in 29% (4/14) and death in 7% (1/14). On imaging, 85%
had RECIST v1.1 progression at 1.5-month follow-up. The
median OS was 9.4 versus 4.6 months for DEBIRI versus IV
dacarbazine, respectively (p ¼ 0.23).

In a larger retrospective series, Valpione et al reviewed a
24-year period including 58 patients treated with DEBIRI

chemoembolization with and without IV fotemustine as
first-line therapy in comparison to historical controls treated
with IV fotemustine alone.33 Pain (typically epigastric) was a
common problem, occurring in 72% of patients treated with
DEBIRI and 84% of DEBIRI patients who received induction IV
fotemustine within 3 weeks of chemoembolization. The
partial response ratewas 27.5%, and 72.4% had stable disease
per RECIST v1.1.

Y90
Gonsalves et al applied yttrium-90 radioembolization with
resin microspheres in 32 patients with ocular melanoma
liver metastases who had progressed after treatment with
immunoembolization or chemoembolization.34 These pa-
tients were ECOG 0–2 and 78% had less than 25% tumor
burden in the liver. Complete response, partial response,
stable disease, and progressive disease were observed in 1
(3%), 1 (3%), 18 (56%), and 12 patients (38%), respectively, per
RECIST criteria. The median OS was significantly longer at
10.5 months for patients with less than 25% tumor burden
versus at 3.9 months for patients with greater tumor burden.
The median OS was 10 months.

Memon et al also applied radioembolization with glass
microspheres in 16 patients with liver metastases from
treatment-refractory melanoma from various primaries
(seven ocular, four cutaneous, three rectal, two unknown)
progressing for systemic and locoregional therapy.35 Imaging
response was 31% per WHO and 25% per RECIST v1.1. The
median hepatic PFSwas 4.2months for the overall cohort and
the ocular primary subset. The median OS from first intra-
arterial treatment was 7.6 months for the cohort and 5.9
months for the subset of patients with ocular primaries.
These results compared well with those of Klingenstein et al,
who found a 7-monthmedianOS andRECISTv1.1 response of
62% after treating 13 patients with liver metastases from
uveal melanoma using resin microspheres.36 Response by
FDGPET/CTwas 23%, and therewerefive cases of discordance
between PET imaging and RECIST response.

Pancreatic Adenocarcinoma

Adenocarcinoma of the pancreas frequently metastasizes to
the liver, and this is generally considered a contraindication
to resection. For first-line therapy, more aggressive combi-
nation therapy with addition of nab-paclitaxel to gemcita-
bine was superior to gemcitabine alone in the MPACT trial;
overall responsewas 23% versus 7% and OSwas 8.5 versus 6.7
months, respectively.37 Moreover, the ACCORD 11 trial ex-
plored treatment without a gemcitabine backbone. It dem-
onstrated that combination therapy in ECOG 0–1 patients
with oxaliplatin, irinotecan, fluorouracil, leucovorin (FOL-
FIRINOX) was superior to gemcitabine with 32% versus 9%
overall response and 11.1 versus 6.8 months OS.38 There are
limited data for second-line treatments at this time,with one
prospective study demonstrating improved survival over
supportive care with median OS ranging from 2 to
5 months.39 Therefore, intra-arterial therapies for liver
metastases showing 5þ months of median survival and
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response rates of 20 to 30%would be expected to havebenefit
for patients when first-line treatments have failed. More-
over, MR imaging of liver metastases from pancreatic ade-
nocarcinoma demonstrates lesions that are frequently
hypervascular,40 suggesting that imaging can be used to
identify cases where intra-arterial therapy may have added
value.

Hepatic Artery Infusion
Hepatic artery infusion chemotherapy has been used in the
adjuvant setting to prevent hepatic recurrence after resec-
tion of pancreatic primaries.41–43 Hashimoto et al described
use of hepatic artery infusion chemotherapy in nine patients
with liver metastases from pancreatic adenocarcinoma and
in 42 patients without liver metastasis for prevention of
hepatic metastases.43 Overall, patients received a median of
nine courses with a median duration of 89 days. Toxicities
were hepatic arterial occlusion (2%), hepatic artery stenosis
(19.6%), liver abscess or biloma (5.9%), catheter dislocation
(5.9%), andwound infection (3.9%).With 1 g/m2 5-FU infused
continuously over 5 hours once weekly for 3 weeks in a 4-
week cycle, two patients had complete response, two pa-
tients had partial response, and four patients had stable
disease per RECIST v1.1 criteria. The median OS was 14.1
months for patients with liver metastases at the time of
hepatic artery infusion chemotherapy.

Tajima et al described seven cases of hepatic artery
infusion chemotherapy with gemcitabine with either 5-FU
or S-1.44 Catheter-related complications occurred in six
patients. Three patients had partial response, three had
stable disease, and one progressed as per RECIST v1.1. The
median OS was 22.1 months.

Conventional Transarterial Chemoembolization/Bland
Embolization
Kim et al applied lipiodol chemoembolization with cisplatin
2 mg/kg and gelatin sponge particle (Gelfoam) embolization
in 15 patients with hepatic recurrence after pancreatic
surgery for resection of pancreatic adenocarcinoma (Whip-
ple, pancreaticoduodenectomy, pancreatectomy, distal pan-
createctomy).45 Liver tumors were treatment naive in 13 of
15 patients with two patients having received gemcitabine.
Nine patients (60%) had early nausea and vomiting that
resolved. Two patients had liver abscess (13%) attributed to
bilioenteric anastomoses likely secondary to disruption or
removal of the sphincter of Oddi. Response was evaluated by
enhancement using mRECISTwith a response rate of 40% (6/
15). The median OS from TACE was 7.5 months.

Azizi et al treated 32 patients with liver metastases from
pancreatic adenocarcinoma using triple drug lipiodol chemo-
embolization with mitomycin C (8 mg/m2), cisplatin (40 mg/
m2), and gemcitabine (1 g/m2) with degradable starch micro-
sphere embolization.46Patientswith concomitant chemother-
apy or radiation therapy were excluded. The mean number of
treatments was 3.2 (range: 2–4) per patient. Toxicity was not
reported. Per RECISTv1.1, 9% (3/32) had partial response, 72%
(23/32) had stable disease, and 19% (6/32) had progressive
disease. The median OS from TACE was 16 months.

Drug-Eluting Beads
Kotoyan et al applied DEB chemoembolization to treat liver
metastases in a mixed cohort of 10 patients with adenocar-
cinoma (n ¼ 6) or neuroendocrine tumors (n ¼ 4) of the
pancreas.47 All of the adenocarcinoma patients had previ-
ously received chemotherapy, and five had experienced
neurologic or hematologic grade 3/4 toxicities on systemic
chemotherapy. DEBIRI at 250 mg (range, 100–400 mg) was
applied in the six adenocarcinoma patients with pain (two
events), nausea (one event), and vomiting (one event) after
the procedure. Response and OS were not reported
separately.

Y90
Cao et al applied yttrium-90 radioembolization with resin
microspheres in seven patients with ECOG 0 performance
status.48 Two patients died before imaging follow-up. Of the
five remaining patients with imaging follow-up, two had
partial response and one had stable disease per RECIST.

Gibbs et al completed a phase II prospective open-label
trial in 14 patients with liver-dominant metastases from
pancreatic adenocarcinoma treated with resin microsphere
yttrium-90 radioembolization concomitant to 5-FU.49 Eight
patients (57%) had liver-only disease. Grade 3/4 toxicities
within 60 days were hyperbilirubinemia (21%) and fatigue
(14%). Three patients had a partial response, and ten had
stable disease. Median OS was 5.5 months overall and 12.2
months for patients with liver-only disease.

Recently, Kim et al completed a retrospective series on
yttrium-90 radioembolization with resin microspheres in
ECOG 0–1 patients with pancreatic adenocarcinoma. Fifteen
out of 16 patients also received systemic chemotherapy con-
sisting of 5-FU (n ¼ 6), gemcitabine (n ¼ 8), or Abraxane
(n ¼ 1).50 Liver burden was less than 25% in 81% (13/16).
Among 13 patients with imaging follow-up, four had
partial response (31%) and five had stable disease (38%) per
RECIST v1.1. The median OS was 12.5 months after
radioembolization.

Michl et al reviewed 17 patients with pancreatic adeno-
carcinoma liver metastases treated with yttrium-90 radio-
embolization with resin microspheres and evaluated
response according to PET Response Criteria In Solid Tumors
(PERCIST) after 18F-FDG PET/CT.51 Nine patients (53%) had
liver-only disease. Toxicity was not reported in this series.
Metabolic tumor response was as follows: 35% (6/17) com-
plete response, 6% (1/17) partial response, and 59% (10/17)
progressive disease according to PERCIST. ThemedianOSwas
8.8 months.

Sarcomas

Soft-tissue sarcomas often metastasize to the lung and less
frequently involve the liver. Gastrointestinal stromal and
retroperitoneal sarcomas are the most common soft-tissue
sarcomas to involve the liver.1 KIT-positive, gastrointestinal
stromal tumors respond well to tyrosine kinase inhibitors
such as imatinib, sunitinib, and regorafenib, but nilotinib has
provided less benefit as a first-line agent.52 Surgery and
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ablation are mainstays of treatment, given that hepatic
lesions often grow slowly and are initially confined to a
single organ. When liver tumors are in a poor location,
become too large, or are too numerous to be addressed
with surgery or ablation, intra-arterial therapies may
allow treatment of hepatic disease. However, there are few
reports on this topic given the overall rarity of this
presentation.

Maluccio et al applied hepatic artery embolization
with bland particles in 24 patients with liver-dominant
metastases from soft-tissue sarcomas.53 Grade 3/4 toxicities
were observed in two patients with liver abscess, in one
patient with off-target embolization of the duodenum,
and in one patient with bacteremia. The median OS was
21 months.

Takaki et al applied TAE in 11 patients after failing either
imatinib (n ¼ 3) or imatinib followed by sunitinib (n ¼ 8).54

The overall response rate was 27.3%. Themedian OSwas 14.9
months for patients receiving second-line TAE and 23.8
months for those receiving third-line TAE after sunitinib.

Chapiro et al studied cisplatin, doxorubicin, and mitomy-
cin cTACE in liver metastases from soft-tissue sarcoma in 30
patients (mean age: 55 years) with liver-dominant metasta-
ses.55 Ninety percent of these patients had failed previous
chemotherapy. No grade 3 or 4 toxicitieswere reported. After
a mean of 2.6 chemoembolizations, one patient (4%) had a
partial response and 20 (80%) had stable disease, and three
(16%) had progressive disease. The median OS was 21.2
months, comparing well with the 20-month median OS
observed by Rajan et al.56

Transue et al presented an abstract on their multi-insti-
tutional experience in 18 patientswith livermetastases from
soft-tissue sarcomas treated with yttrium-90 radioemboli-
zation.57 Response rates were 38.9% and 55.6% at 3 and 6
months, respectively. The median OS was 26.2 months.

Conclusion

Intra-arterial therapy has an acceptable safety profile and
provides high antitumor activity in the setting of chemo-
therapy refractory hepatic metastases from breast cancer,
melanoma, pancreatic adenocarcinoma, and soft-tissue sar-
comas. The majority of the available data are from heteroge-
neous cohorts studied retrospectively, with varying
technique, patient selection, and response criteria. The avail-
able literature should guide prospective trial design and also
highlight the need for oncology registries that allow insti-
tutions to share data and resources. These efforts are greatly
needed, as many patients withmetastatic disease in the liver
are not candidates for surgery, and intra-arterial therapies
are increasingly applied in these patients to stop progression
of chemorefractory tumors.
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