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Objectives: Upon completion of this article, the reader will be
able to discuss the transarterial locoregional therapy options
for liver-dominant metastatic neuroendocrine tumors, their
advantages and disadvantages, and clinical outcomes.
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licies of the Accreditation Council for Continuing Medical
Education (ACCME) through the joint providership of Tufts
University School of Medicine (TUSM) and Thieme Medical
Publishers, New York. TUSM is accredited by the ACCME to
provide continuing medical education for physicians.

Credit: Tufts University School of Medicine designates
this journal-based CME activity for a maximum of 1 AMA
PRA Category 1 Credit™. Physicians should claim only the
credit commensuratewith the extent of their participation in
the activity.

Neuroendocrine tumors (NETs) are a heterogeneous group
of neoplasms that arise from the amine precursor uptake
and decarboxylation (APUD) system found in nervous and

endocrine tissue, including enterochromaffin (Kulchitsky)
cells of thegastrointestinal (GI) tract, islet cells of thepancreas,
and bronchial cells of the lung. These tumors occur at a
yearly frequency of 5.25 cases per 100,000 people, with
an annual age-adjusted incidence that has been rising
over the past 30 years.1 Carcinoid tumors—which represent
the most common NET—typically arise in the GI tract (67%)
or the pulmonary system (25%).2 NETs of GI and pancreatic
origin metastasize to the liver in 46 to 93% of cases.3 Patients
with NETs frequently experience hormone-induced flushing
and diarrhea from “functional” tumors, and NET liver
metastases result in clinical symptoms in themajority of cases
given the bypass of normal hepatic hormonal deactivation.4

Survival in cases of NET liver metastases ranges from 5 to
56monthsdependingonprimary tumor site,1 and80 to90%of
patients with NET liver metastases are inoperable.5,6 Because
systemic therapies havemodest benefit formost patientswith
metastatic NET,7–9 interventional radiology (IR) administered
transarterial locoregional therapies (LRTs) can play an
important role in treatment. This article aims to provide
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Abstract Transarterial locoregional therapies (LRTs) are indispensable components of the
modern interventional oncologic therapy of liver-dominant metastatic neuroendocrine
tumors (NETs). The scope of available LRTs and their nuanced differences mandates a
thorough understanding of their relative applicability and effectiveness in certain
clinical circumstances to prescribe appropriate, patient-specific, image-guided ther-
apy. This article aims to provide an overview of transarterial LRT options for liver-
dominant metastatic NETs and therapy selection by reviewing procedure types, their
advantages and disadvantages, and comparative efficacy in common case scenarios.
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practical guidance on transarterial LRT selection for NET
hepatic metastases by offering a brief overview of currently
available treatment options and then employing a case-based
format to1: depict decision-making considerations in selecting
an LRT in various clinical cases,2 highlight the clinical and/or
technical advantages or disadvantages of each modality, and3

review their clinical outcomes.

Transarterial Locoregional Therapy
Overview

A variety of transarterial LRTs are available to the practicing
IR for treatment of liver dominant metastatic NET, including
transarterial embolization (TAE), transarterial chemoembo-
lization (TACE), and yttrium-90 radioembolization (90Y RE).
TAE is defined as blockade of hepatic arterial flow with a
vascular occlusive agent, such as gelatin sponge, polyvinyl
alcohol, or calibrated microspheres.10 TAE results in tissue
devascularization through distal arteriolar occlusion that
spurs necrosis, inflammation, and fibrosis via the ischemic
cascade. TACE can be broadly grouped into two distinct
categories: (1) conventional TACE (c-TACE) is the infusion
of a single or multiple chemotherapeutic agents emulsified
with ethiodized oil, with or without additional embolization
by particles such as gelatin sponge, polyvinyl alcohol, or
calibrated microspheres10; (2) drug-eluting embolic TACE
(DEE-TACE) is the administration of calibrated microspheres
onto which chemotherapeutic medication is loaded or ad-
sorbedwith the intention of sustained in vivo drug release.10

Both forms of TACE result in tumor cellular necrosis via
ischemic devascularization as well as chemotherapy-
mediated cytotoxicity. 90Y RE is defined as the transarterial
infusion of radioactive microspheres containing 90Y.11

Tumor-embedded microspheres emit ionizing radiation that
results in deoxyribonucleic acid (DNA) strand breaks and free
radicals that undergofixation upon reactionwith oxygen in an
aerobic environment, prompting cell death via apoptosis or
mitotic catastrophe. Thus, 90Y RE is more effective in an
oxygenated environment, requiring preserved arterial flow
via aminimallyembolic infusion in the treated artery. This is in
contrast to TAE and TACE, which rely on ischemia via a
significant reduction in arterial flow secondary to emboliza-
tion to achieve the desired tumoricidal effect. The technical
details of each of these procedures arebeyond the scopeof this
article, but are well described in the literature.12

Procedure Indications and Preprocedure
Considerations

Transarterial LRTs are indicated for inoperable and/or clini-
cally symptomatic liver-dominant metastatic NETs.13,14 Lim-
ited extrahepatic disease does not represent a procedure
contraindication, particularly because LRTs can reduce or
eliminate symptoms in cases of symptomatic functional
tumors.15,16 In the absence of clinical symptoms, transarter-
ial LRTs may also be applied in cases with bulky metastatic
liver disease.13 In assessing patient eligibility for transarter-
ial LRT, Eastern Cooperative Oncology Group (ECOG) score

performance status should be determined,17 with therapy
reserved for those patients with maintained functional
status (ECOG � 2). Preprocedure laboratory evaluation
should include a standard complete blood count, prothrom-
bin time, and liver and kidney function; marked (e.g., bilir-
ubin > 3.0 mg/dL) or uncorrectable abnormality of these
parameters may preclude LRT. Measurement of relevant
tumor markers such as serum chromogranin A and urine
5-hydroxyindoleacetic acid (5-HIAA) should be undertaken,
andmay be used as surrogatemarkers for postprocedure LRT
response. As with any LRT, imaging studies should be ob-
tained within 30 days of transcatheter therapy for baseline
characterization of tumor size, number, burden, and loca-
tion, as well as presence of extrahepatic disease. Special
attention should be made to the history of bilioenteric
anastomosis, as many patients with NET have undergone
prior Whipple procedure, which markedly increases the risk
of hepatic abscess, ranging from 33 to 86% even with ag-
gressive antibiotic prophylaxis.18,19 Periprocedural octreo-
tide should be considered regardless of prior carcinoid
symptoms, to control hormonal symptoms and/or hemody-
namic status and avert carcinoid crisis, a syndrome char-
acterized by profound blood pressure alterations and
bronchospasm.

Case-Based Locoregional Therapy Selection

The following cases illustrate clinical application of various
transarterial LRTs, with particular attention to the thought
process and decision making underlying therapy selection. As
both the experience and preference of individual IR practi-
tioners as well as institutional inclinations impact therapy
selection, definitive prescription of a particular transarterial
LRT is unlikely, and treatments may be interchangeable, even
among the particular example cases presented. This fact is
supported by similar LRT clinical outcomes reported in the
literature,20,21 with survival more substantially influenced by
NET characteristics, such as tumor grade, stage, and burden
than by modality of LRT.1,20

Case 1: TAE for Metastatic NET
A 49-year-oldman presented to a community hospital with a
chief complaint of hot flashes. Diagnostic workup included
enteroscopy, which revealed a 9-cm small bowel mass.
Pathologic evaluation from surgical resection confirmed
carcinoid tumor, and five of ten regional lymph nodes
exhibited metastatic disease. Liver masses were also evident
at the time of surgery, and intraoperative biopsy corrobo-
rated hepatic metastatic disease. Medical oncology was
consulted postoperatively, and the patient was started on
monthly long-acting octreotide for symptomatic control.

The patient remained clinically asymptomatic for a year
while on octreotide; however, his chromogranin A increased
to more than 1,000 ng/mL from a baseline of 86 ng/mL.
Magnetic resonance imaging (MRI) showed evidence of
worsening multifocal metastatic NET involving the liver
(►Fig. 1a). The patient was started on everolimus 10 mg/
day, and his chromogranin A level decreased to 226 ng/mL.
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The patient remained symptom free for 2 years on octreo-
tide and everolimus with stable hepatic tumor burden on
cross-sectional imaging. However, his chromogranin A levels
began to rise, and the patient was referred to IR to discuss LRT
options for his liver-dominant metastatic NET.

At the time of consultation, the patient had maintained
functional status (ECOG 0), normal liver function, and a
chromogranin A level of 388 ng/mL. Various LRT options
were discussed with the patient, and sequential bilobar TAE
was planned. Visceral angiography was performed under IV
moderate sedation, which demonstrated standard hepatic
arterial anatomy and multifocal hypervascular masses in
both hepatic lobes (►Fig. 1b). The right hepatic artery was
then embolized using 300 to 500 µm tris-acryl gelatin
microspheres (Embosphere; Merit Medical, South Jordan,
UT; ►Fig. 1c). One month later, the left hepatic artery was
embolized using the same technique. The patient reported

mild transient abdominal pain that lasted approximately
1 week after each embolization.

The patient returned to IR for clinical and imaging follow-
up 1 month after the left hepatic lobe embolization, and then
at 3-month intervals. Sequential MRI studies revealed pro-
gressive size reduction of the treated tumors (►Fig. 1d)
associated with concurrent normalization of chromogranin
A level. At present, the patient continues to do well 1.5 years
after initial treatment, with continued objective radiologic
response in the treated tumors.

Rationale for TAE and Clinical Outcomes
While there is no level 1 evidence for use of TAE for treatment
of liver metastatic NET, this treatment is recognized by the
National Comprehensive Cancer Network (NCCN) as a cate-
gory 2B (uniform NCCN consensus that the intervention is
appropriate based on lower level evidence) therapy for

Fig. 1 Metastatic neuroendocrine tumor treated with transarterial embolization (TAE). Coronal T2-weighted noncontrast MR image
(a) demonstrates multinodular liver metastases (arrowheads) in right hepatic lobe. Digital subtraction right hepatic arteriogram (b) shows
hypervascular right hepatic lobe liver metastases (arrowheads), which were embolized with 300–500 µm particles. Postembolization
arteriogram (c) demonstrates no further tumor enhancement. Posttreatment coronal T2-weighted noncontrast MR image (d) performed
9 months after TAE reveals near-complete regression of right hepatic lobe liver metastases (arrowheads).
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distant metastases spanning low tumor burden and asymp-
tomatic to significant tumor burden and symptomatic.13

Clinical outcomes of TAE for treatment of metastatic NET
support the benefit of this procedure for this condition.
Median survival times range from 3 to 6 years across studies,
andhormonal symptoms resolve in up to 90% of cases.16,22–27

Potential practical benefits of TAE compared with other
transarterial LRTs include relatively reduced compound pre-
paratory time (no need for pharmacy preparation of ther-
apeutic agents and no need for mapping or planning
arteriography), technical ease, and more forgiving impact
of nontarget microsphere embolization. The lobar nature of
this therapy also affords the need for only limited arterio-
graphy, thus making the TAE approach potentially useful in
patients with renal insufficiency. This was the basis for
selection of TAE in the described case. Downsides of TAE
include occurrence of postembolization syndrome, as well as
anecdotal basis for choice of embolic agent and particle size,
which results in methodological variation that limits sys-
tematic comparability across published data.

Case 2: TACE for Metastatic NET
A 59-year-old woman presented for medical attention after
experiencing fatigue and diarrhea for 5 months. Physical and
laboratory examination was unremarkable. Initial workup
with colonoscopy and esophagogastroduodenoscopy was
normal. A computed tomographic (CT) scan revealed a subtle
pancreatic head mass and synchronous liver masses, includ-
ing an 8.0-cm enhancing segment 4 tumor and a 2.8-cm
segment 8 tumor. Percutaneous ultrasound-guided biopsy of
the livermasses diagnosedmetastatic NET,whichwas staged
with an octreotide scan (►Fig. 2a). Endoscopic ultrasound
(EUS)-guided biopsy of the pancreatic mass confirmed pri-
mary pancreatic NET. Chromogranin A level was normal.
Given the size and location of the liver metastases, the
patient was ineligible for surgical resection, and she was
referred to IR for LRT.

In clinic, the patient had normal functional status (ECOG
0) and preserved liver function. After discussion of the
various LRT options with the patient, selective TACE to treat
both the right hepatic lobe metastasis followed by the left
hepatic lobe metastasis was planned.

Under IV moderate sedation, angiographic mapping de-
monstrated a replaced right hepatic artery, and confirmed a
hypervascular tumor in segment 8 at the dome of the liver
(►Fig. 2b). The segment 8 hepatic arterywas then embolized
using a combination of three chemotherapy agents (cisplatin
100 mg, doxorubicin 50 mg, and mitomycin C 10 mg) emul-
sified with ethiodized oil (Lipiodol; Guerbet, Villepinte,
France) in a 1:1 fashion. Following embolization, there was
excellent uptake of chemotherapy emulsion in the tumor,
and no further tumor angiographic enhancement. The pa-
tient tolerated the procedurewell, and underwent treatment
of the segment 4 tumor 1 month later.

After the procedures, the patient underwent serial CT
scans at 3-month intervals for response assessment and
tumor surveillance. Significant progressive size reduction
in the treated tumors was evident (►Fig. 2c). At her last

clinical follow-up visit 8 years after the index TACE proce-
dure, the patient remains alive andwithout diarrhea, but has
developed regional lymph node metastases.

Rationale for TACE and Clinical Outcomes
Similar to TAE, there is no level 1 evidence for use of TACE in
the treatment of liver metastatic NET, although this treat-
ment is also recognized by the NCCNas a category 2B therapy
for distant metastases spanning low tumor burden and
asymptomatic to significant tumor burden and sympto-
matic.13 TACE affords excellent clinical outcomes in meta-
static NET: median survival times range from 3 to 6 years
across studies, which is comparable to TAE.15,16,22–31

Although early published reports of DEE-TACE for metastatic
NET suggest efficacy,32 safety results indicate the possibility
of relatively higher rates of biliary complications that war-
rant caution in use of these agents until more robust safety
data are available.33–36 Advantages of TACE include a long
track record of use for hepatic malignancies, utility in seg-
mental or superselective therapy (although both TAE and 90Y
RE can be performed from a segmental approach as well),
and straightforward capability for intra-procedure dose
fractionation by manually splitting the prescribed che-
motherapy emulsion. In the present case, TACE was pre-
scribed due to intent for segmental treatment of a small right
hepatic lobe tumor and larger left hepatic lobe tumor loca-
lized to hepatic segment 4. Disadvantages of TACE include
occurrence of postembolization syndrome, as well as anec-
dotal basis for choice and dosing of specific chemotherapy
agents and technical variability across IR operators and
centers in TACE methodology, which limits reproducibility
and comparability across other published data in a systema-
tic fashion.

Case 3: 90Y RE for Metastatic NET
A 61-year-old woman with metastatic large cell NET was
referred to IR to discuss treatment options for enlarging
hepatic masses. She had undergone prior resection of locally
advanced disease including distal pancreatectomy, splenect-
omy, transverse colectomy, and partial gastrectomy, as well
as resection of the left lateral lobe of the liver for a single
hepatic metastasis. Notably, no biliary intervention or re-
construction was necessary. On review of her surgical
pathology, she was considered an R0 resection, and the
tumor demonstrated a Ki-67 proliferation index of 10%.
She was seen postoperatively by a medical oncologist, who
offered adjuvant chemotherapy with cisplatin and etopo-
side; however, the patient deferred. Initial postresection
follow-up imaging demonstrated new oligometastatic dis-
ease, and she was started onmonthly long-acting octreotide.
Repeat CT evaluation 3 months after the initiation of octreo-
tide demonstrated progression of hepatic metastases, and
she was referred to IR for consultation.

In IR clinic, she was healthy appearing with no diminish-
ment in her level of activity (ECOG 0). She described two to
three episodes of loose stools per week, but otherwise no
episodes of flushing, hypertension, or shortness of breath
attributable to carcinoid syndrome. Review of her imaging
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demonstrated multifocal bilobar hypervascular hepatic
masses consistent with metastatic NET (►Fig. 3a), a patent
portal vein, and no biliary dilation. Liver function tests were
within normal limits. Treatment options including TAE,
TACE, and 90Y RE were considered and discussed with the
patient. 90Y RE was selected, in part by patient preference to
minimize postembolization syndrome.

Planning mesenteric angiogram with technetium-99m
macroaggregated albumin (99mTc-MAA) was performed

which confirmed multifocal bilobar hypervascular masses
and conventional arterial anatomy (►Fig. 3b). The gastro-
duodenal and right hepatic arteries were embolized with
metallic coils (MicroNester; Cook Medical, Bloomington, IN)
to minimize risk of non-target embolization, after which 5.3
mCi of 99mTc-MAA was administered from the right hepatic
artery and nuclear medicine scan lung shunt fraction was
calculated at 13%. She subsequently underwent sequential
bilobar treatment with 90Y resin microspheres (SIR-Spheres;

Fig. 2 Metastatic neuroendocrine tumor treated with transarterial chemoembolization (TACE). Octreotide scan (a) displays oligonodular liver
metastases spanning segment 4 (arrowhead) and segment 8 (arrow) tumors. (b) Digital subtraction arteriogram performed from segment 8
hepatic artery reveals hypervascular dome tumor (arrowhead), which was treated with c-TACE. Successive posttreatment contrast-enhanced CT
scans performed 1 week (c) and 1 year (d) after TACE demonstrate gradual, near-complete regression of necrotic right hepatic lobe liver
metastasis (arrowheads).
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Fig. 3 Metastatic neuroendocrine tumor treated with 90Y RE. Contrast-enhanced CTscan (a) showsmultifocal liver metastases, with index tumor
(arrowhead) located in liver segment 4. Digital subtraction right hepatic arteriography (b) displays multifocal hypervascular right hepatic lobe
liver metastases (arrowheads), which were treated with 90Y-labeled resin microspheres. Sequential posttreatment contrast-enhanced CT scans
performed 3months (c), 6 months (d), and 1 year (e) after 90Y RE demonstrate progressive, near-complete regression of necrotic segment 4 liver
metastasis (arrowheads).
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Sirtex Medical, Lane Cove, Australia) with 22.2 mCi (0.82
GBq) administered in the right hepatic artery followed
4 weeks later by 25.2 mCi (0.93 GBq) in the left hepatic
artery. The patient tolerated each procedure well, and was
discharged on lansoprazole, levofloxacin, and a methylpred-
nisolone dose pack per institutional protocol.

Twomonths following her left lobe treatment, the patient
returned to clinical and imaging evaluation. Her weight had
stabilized, and she no longer had any episodes of diarrhea.
Cross-sectional imaging demonstrated decreased size and
enhancement of the liver metastases (►Fig. 3c). She had
progressive decrease in size of her liver metastases at 4
(►Fig. 3d) and 9 months (►Fig. 3e) posttreatment, and no
return of her diarrhea. The patient was lost to further follow-
up when she moved.

Rationale for 90Y RE and Clinical Outcomes
The application of 90Y RE for treatment of metastatic liver
NETs is IR operator and institution specific. Again, similar to
TAE and TACE, there is no level 1 evidence for use of 90Y RE in
the treatment of liver metastatic NET, although this treat-
ment was recently recognized by the NCCN as a category 2B
therapy for distant metastases spanning low tumor burden
and asymptomatic to significant tumor burden and sympto-
matic.13 90Y RE for NET liver metastases has consistently
demonstrated high tumor response rates associated with
excellent survival outcomes. Studies including approxi-
mately 30 to 150 patients have shown objective tumor
radiologic response rates ranging from 50 to 60% andmedian
survival times spanning 2 to 6.5 years.37–41 Purported ben-
efits of 90Y RE compared with other TAE and TACE include
decreased symptoms of postembolization syndrome and
excellent tolerance, low levels of toxicity, outpatient nature
with same-day discharge, and relative objectivity in therapy
prescription and dosimetry that affords more reliable sys-
tematic comparison across published data. Lobar therapy
with 90Y RE also has innate utility for multifocal hepatic
metastases, which formed the basis for employment in the
described case. Downsides of 90Y RE include its relative
technical challenge—requiring operator familiarity and ex-
pertise—as well as need for a second interventional proce-
dure consisting of a mapping or planning arteriogram.

Conclusion

Despite the absence of level 1 data to determine the optimal
LRT regimen, current data suggest that each transarterial
treatment options described herein are effective options for
the control of NET liver metastasis and palliation of related
symptoms. While the paucity of data to suggest superiority
of any single catheter-based treatment can make the ulti-
mate therapeutic decision difficult, it does allow for flex-
ibility in the management of this heterogeneous patient
population, enabling the treating IR to tailor a treatment
plan that accounts for the differences in patient presentation,
anatomy, and local expertise, including use of different LRT
therapies within the same patient. A thorough knowledge
of the relative advantages and disadvantages of each LRT

modality—including the unique risks of hepatic abscess and
carcinoid crisis—thus allows the IR to play a key role in the
multidisciplinary management of patients with NET liver
metastases to optimize patient outcomes.
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