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Background: Prognosis in patients with carcinoid and pancreatic endocrine tumors with diffuse, unresectable
liver metastases is poor. Palliation is often difficult despite the use of somatostatin analogs, interferon alpha,
or systemic chemotherapy. Several reviews have suggested that hepatic artery embolization, with or without
intraarterial chemotherapy, can be used for control of symptoms and for cytoreduction in patients with liver-
dominant metastases.
Methods: Between 2000 and 2002, 161 embolizations using polyvinyl alcohol or microspheres were performed
on 84 patients with carcinoid or pancreatic endocrine tumors metastatic to the liver. A retrospective review
was performed to evaluate symptomatic response, biochemical response, adverse effects, and duration of 
survival. Baseline and follow-up computed tomography scans were also assessed to determine radiographic
response rates. Further analysis of survival was performed to assess the possible impact of various post-
embolization therapies.
Results: Eighty-four patients underwent bland hepatic artery embolizations during the study period. Among
55 symptomatic patients, 44 patients had fewer symptoms, and among 35 patients whose tumor markers were
followed, 28 had a major biochemical response. Objective radiographic responses were observed in 11 of 23
patients. No deaths occurred during therapy, and major toxicities were rare. Median overall survival was 36
months from time of initial embolization.
Conclusions: Hepatic artery embolization frequently results in clinical and radiographic responses in patients
with unresectable liver metastases from carcinoid or pancreatic endocrine tumors. Morbidity is low when
appropriate supportive care is provided.
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Introduction

Carcinoid tumors and pancreatic endocrine
tumors often metastasize to the liver. At this stage of
disease, they may produce symptoms due to hormonal
secretion and/or tumor burden. Bulky liver metastases
are frequently associated with poor survival and
reduced quality of life.1-4

Although surgical resection is generally the proce-
dure of choice for patients with localized hepatic
metastases, it is rarely an option for patients with dis-
seminated or multifocal disease.1,5-13 Other liver-direct-
ed therapies include cryotherapy and radiofrequency
ablation.10,14-18 These modalities are effective for treat-
ing small, localized hepatic metastases. Liver transplan-
tation is rarely an option for patients with metastatic
neuroendocrine tumors.19,20

Systemic chemotherapy and interferon have been
evaluated extensively. In well-differentiated carcinoid
tumors, response rates are disappointing when strict
radiographic criteria are employed.21-38 The efficacy of
cytotoxic treatment appears to be somewhat higher in
pancreatic endocrine tumors with approximately 40% of
patients responding to combination chemotherapy.39-42

Somatostatin analogs are highly effective at con-
trolling carcinoid syndrome and other hormonally asso-
ciated symptoms.43-47 Moreover, in vitro and in vivo
studies of somatostatin analogs demonstrate an antipro-
liferative effect on neuroendocrine tumor cells.48-50 In
clinical practice, however, objective tumor responses
are rarely seen with these agents.1,9,48

The theoretical rationale for hepatic artery
embolization is based on the observation that these
hypervascular tumors derive the majority of their blood
supply from the hepatic artery. Conversely, normal
liver tissue derives its blood supply primarily from the
portal vein.51-53 Both bland hepatic embolizations
(using microparticles) and chemoembolizations (with
addition of intra-arterial chemotherapy) are increasing-
ly used in the management of bulky and disseminated
hepatic metasteses.3,51-58 There are no studies compar-
ing the two techniques.

Early attempts at hepatic artery occlusion,either sur-
gically or via embolization, demonstrated response rates
exceeding 50%. However, these procedures were asso-
ciated with relatively high morbidity.52,53 Recently, the
technique of selective hepatic embolization has devel-
oped, whereby the left or right hepatic arterial branches
arising from the proper hepatic artery are embolized
separately. This selective procedure is thought to reduce
morbidity compared with single-stage embolization or
ligation of the common hepatic artery.

At our institute, we began routinely performing
bland, selective hepatic artery embolizations in January
2000. Over the ensuing 3 years, 84 patients with
metastatic carcinoid and pancreatic neuroendocrine

tumors underwent this procedure. In this study,we ret-
rospectively analyze clinical, biochemical, and radi-
ographic response rates as well as overall survival. Fur-
ther survival analysis of postembolization treatment
with chemotherapy and with radiolabeled octreotide
analogs is performed. Finally,we examine the effects of
somatostatin analog therapy on survival in this cohort
of patients.

Patients and Methods

Patients
We retrospectively evaluated the medical records of all
patients with carcinoid and pancreatic endocrine
tumors who underwent bland liver embolizations at
our institute between January 2000 and December
2002. Approvals for retrospective chart review were
obtained from the Institutional Review Board.

Embolization Procedure
Eligibility requirements included intact liver and renal
function (bilirubin <2 mg/dL, serum creatinine level <2
mg/dL). Absolute contraindications were portal vein
occlusion and ascites. All patients were admitted to the
hospital prior to the procedure and started on intra-
venous hydration. Subcutaneous octreotide was admin-
istered immediately before the procedure. Prior to
embolization, a celiac angiogram was performed to
identify the hepatic vasculature and ensure patency of
the portal vein. Superior mesenteric artery angiogram
was performed if needed to evaluate for accessory or
replaced hepatic arteries supplying the liver. Subselec-
tive catheterization of the right or left hepatic artery
was performed using a 3F microcatheter (Tracker 18,
Boston Scientific, Boston, Mass) coaxially through a 5F
angled catheter (Soft Vu-Hook, Angiodynamics,Queens-
bury,NY) placed in the origin of the celiac artery or the
superior mesenteric artery.

Hepatic arterial embolization was then performed
under fluoroscopy, using either 250–355 micron diam-
eter polyvinyl alcohol (Contour particles, Boston Scien-
tific-Target Vascular, Boston, Mass) or 500–700 micron
diameter microspheres (Embosphere microspheres,
Biosphere Medical, Inc, Rockland, Mass) as the particu-
late material. Embolization was performed until the
selected vessel demonstrates complete or near com-
plete stasis of flow. Usually the liver lobe with the
bulkiest disease was embolized first.

After embolization, patients were monitored in the
hospital and discharged only after their liver enzymes
had peaked. All patients were prophylactically admin-
istered levofloxacin and metronidazole for one week in
order to prevent abscess formation. Intravenous nar-
cotics were typically administered for pain control.
Individual embolizations were spaced approximately 4
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weeks apart and the majority of patients completed
their embolizations in 2 or 3 stages.

Results

Patient Characteristics
During our study period, 84 patients (39 men and 45
women; age range 30–83 years; median age 58 years)
with liver metastases from carcinoid tumors or pancre-
atic endocrine tumors underwent bland hepatic artery
embolizations. Fifty-nine patients had carcinoid tumors,
20 had pancreatic endocrine tumors, and 5 had neu-
roendocrine tumors with poorly differentiated histol-
ogy. The median duration of disease from time of initial
discovery of metastases was 2 years. Before emboliza-
tion at our institution,25 patients had been treated with
chemotherapy, 4 had received interferon, and 7 had
undergone prior embolization or chemoembolization.
Seventy-one patients received long-term ongoing treat-
ment with a somatostatin analog starting before,during,
or shortly after their embolization (Table 1).

Although all patients had predominance of
metastatic disease in the liver, 22 patients (26%) also
had extrahepatic metastases at the time of emboliza-
tion. Sites of metastases included lymph nodes, bone,
lung, spleen, and brain. Primary tumors had been sur-
gically removed in 42 patients (50%) prior to emboliza-
tion. The majority of patients with carcinoid tumors
(60%) underwent resection of their primary tumor site
(usually small bowel), whereas only one quarter of
patients with pancreatic endocrine tumors underwent
resection of the primary tumor site. Patient demo-
graphics are summarized in Table 1.

Indications for treatment included flushing, diar-
rhea,or abdominal pain in the majority of patients. Pre-
treatment symptoms are listed in Table 2. Twenty-one
patients (25%) had no appreciable symptoms at the
time of embolization and underwent the procedure
solely for tumor cytoreduction.

Treatment
The 84 patients underwent a total of 161 embolization
treatments. Twenty-one patients were treated with a
single embolization,51 had two-stage embolizations,10
had three-stage embolizations, and 2 required four
embolizations. Following embolization, 13 patients
were given cytotoxic chemotherapy and 10 were
enrolled in clinical trials of yttrium- or lutetium-labeled
somatostatin analogs.

Radiographic and Biochemical Response
Twenty-three patients were evaluated by baseline and
follow-up imaging. Of these patients, 11 (48%) had par-
tial response and 12 (52%) had stable disease using
response evaluation criteria in solid tumors (RECIST).

Tumor markers (5-HIAA, chromogranin, pancreatic
polypeptide or insulin) were available at baseline and
follow-up in 35 patients. Of these, 28 patients (80%)
had a major response (>50% reduction), 4 patients
(11%) had a minor response (25%–50%), and 3 patients
(9%) had no response.

Clinical Response
Twenty-one patients had no significant symptomatology
prior to the procedure. In an additional 8 patients, clin-
ical benefit could not be ascertained due to poor follow-
up. Among the remaining 55 patients, 44 (80%) experi-
enced symptomatic improvement, whereas only 11
(20%) derived no symptomatic benefit from emboliza-
tion. Response categories included improvement in
flushing and diarrhea (21 patients), abdominal pain (11
patients), and glucose control (3 patients), as well as
nonspecific symptomatic improvement (9 patients).

Response to Repeat Embolization
Seven patients had prior embolizations, and 14 addi-
tional patients went on to receive further emboliza-
tions after their initial series. Among those with clearly

Table 1. — Patient Demographics and Tumor Characteristics

Demographics No. of Patients
(N = 84)

Median age (range) 58 yrs (30–83)
Gender ratio (M/F)) 39/45
Median years from diagnosis of liver metastases (range) 2 (0–22)
Tumor type:

Carcinoid 59
Pancreatic endocrine 20
Poorly differentiated histology 5

Prior treatment:
Systemic chemotherapy or immunotherapy 29
Hepatic embolization or chemoembolization 7
Octreotide 62

Extrahepatic metastases (n = 22):
Lymph node 11
Bone 7
Lung 2
Spleen 1
Brain 1

Primary tumor:
Resected 42
Unresected or occult 42

Table 2. — Pretreatment Clinical Symptoms

Symptoms No. of Patients
(N = 84)

Diarrhea and/or flushing 41  (49%)
Abdominal pain 14  (17%)
Fatigue 4    (5%)
Hypoglycemia 2    (2%)
Hyperglycemia 2    (2%)
Asymptomatic 21  (25%)
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documented follow-up, only 2 of 9 patients (0.22, 95%
confidence interval [CI] 0.02–0.60) derived sympto-
matic benefit from a repeat embolization series, and
only 3 of 11 patients (0.27, 95% CI 0.06–0.61) had a
major biochemical response (Fig 1).

Adverse Effects
All patients experienced postembolization syndrome to
some extent, including abdominal pain (often pleuritic
right upper-quadrant pain), nausea, fevers, and
transaminitis. Liver enzymes typically peaked within 2
to 3 days (median baseline aspartate aminotransferase
[AST] 35 mg/dL; median peak AST 333 mg/dL) and
receded back to preembolization levels at the time of
follow-up several weeks after embolization. Patients
were hospitalized until liver enzymes peaked, resulting
in a median hospital stay of 4 days.

Severe hypertension (systolic blood pressure
>180) was observed in 9 patients (11%), each of whom
had hormonally active carcinoid tumors. These
episodes of hypertension typically began during the
embolization procedure.

Unusual adverse effects were noted in 4 additional
patients. One patient had a myocardial infarction,
another had transient thrombocytopenia (nadir platelet
count of 40 × 109/L), a liver hematoma occurred in 1
patient, and bilateral pleural effusions were observed in
1 patient. No deaths occurred at the time of emboliza-
tion. Two patients died 2 months after embolization
due to unknown reasons.

Overall Survival
Overall survival was calculated for all patients from the
time of first embolization at our institution. At a medi-
an of 42 months follow-up, 46 patients had died and 38
patients were alive (Fig 2). Median overall survival was
36 months (95% CI 28–45 months).

Overall survival differed by histology (Fig 3). Sur-
vival was 44 months (95% CI 33–55 months) for
patients with carcinoid tumors, 31 months (95% CI
21–42 months) for those with pancreatic endocrine
tumors, and 15 months (95% CI 0–39 months) for
patients with poorly differentiated histology. Survival
differences were statistically significant.

Postembolization Therapy
Survival was further analyzed to ascertain the effects of
postembolization chemotherapy and radiopharmaceu-
tical therapy. The 5 patients with poorly differentiated
histology were excluded from this analysis. Chemo-
therapy was prescribed for 13 patients after their
embolizations with the intention of improving progres-
sion-free survival. Of these 13 patients, 10 had pancre-
atic endocrine tumors, whereas only 3 had carcinoid
tumors. The majority of these patients received alter-
nating cycles of doxorubicin with dacarbazine and
streptozocin with 5-fluorouracil. The overall survival of
patients who received postembolization chemotherapy
was 38 months (95% CI 24–52 months), whereas the
overall survival for those patients who did not receive
chemotherapy after embolization was 44 months (95%
CI 32–56 months) (Fig 4).

Fig 1. — Clinical and biochemical response rates after first embolization
series compared with clinical and biochemical response rates after second
embolization series.
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Fig 2. — Overall survival from time of first embolization at our institution.
Median survival was 36 months (95% CI 28-45 months).

Fig 3. — Overall survival from time of first embolization, by diagnosis.
Median survival was 44 months for carcinoid tumors, 31 months for pan-
creatic endocrine tumors, and 15 months for poorly differentiated tumors.
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After embolization, 10 patients enrolled in clinical
trials testing peptide receptor radionuclide therapy
with either yttrium or lutetium coupled to a somato-
statin analog. Median survival has not yet been reached
for these patients (Fig 5).

Somatostatin Analog Therapy
Survival was analyzed to ascertain the effect of somato-
statin analog therapy. Patients with poorly differentiat-
ed histology were excluded from this analysis. Among
the remaining patients, 67 received long-term therapy
with a somatostatin analog, typically starting prior to
embolization. Median survival in this cohort was 41
months (95% CI 30–52 months). Twelve patients did
not receive long-term somatostatin analog therapy.
These patients typically had nonfunctioning neuroen-
docrine tumors. Among these patients, median survival
was 24 months (95% CI 17–31 months) (Fig 6).

Discussion

Patients with advanced hepatic metastases from carci-
noid or pancreatic endocrine tumors have few treat-
ment options. Many have incapacitating hormonal
symptoms despite somatostatin analog therapy or have

abdominal pain related to tumor mass. In our study, we
demonstrated a clinical response in 80% of sympto-
matic patients undergoing embolization. This clinical
response rate closely corresponds to an 80% major bio-
chemical response rate as measured by reduction in
tumor markers by more than half. The radiographic
partial response rate of 48% is similar to that demon-
strated in other reviews of hepatic artery embolization.
Moreover, this study used RECIST criteria for calcula-
tion of radiographic response, unlike several prior stud-
ies in which measures of response were not as strict.

The response rates achieved with hepatic artery
embolizations compare favorably to responses achieved
with chemotherapy or immunotherapy. Moreover, the
toxicity profile is manageable with appropriate sup-
portive care, as illustrated by this study. Analysis of
patients undergoing a second embolization series indi-
cated a significant decrease in benefit after repeat
embolizations. Clinical and biochemical response rates
after repeat embolizations were approximately 25%.
The cause of this diminishing response is uncertain. It
is possible that following embolization, tumors derive
an increased supply of blood from the portal circulation
or from diaphragmatic collaterals, therefore rendering
hepatic artery embolization less effective.

Severe adverse effects were observed infrequently,
and no deaths occurred in this study. Most patients
experienced a postembolization syndrome with fever,
nausea, abdominal pain, and elevated transaminase lev-
els. Typically, this syndrome lasted approximately 3 to
4 days. There were 9 cases of severe hypertension, all
in carcinoid patients, typically occurring during the
actual embolization procedure. Past reports of
embolization have not emphasized this complication,
and the etiology is uncertain. Given this finding, it is
important to closely monitor blood pressure and treat
hypertension aggressively in carcinoid patients under-
going embolization.

Interestingly,no episodes of acute liver failure, liver
abscesses, or hepatorenal syndrome occurred in thisFig 4. — Postembolization chemotherapy:  overall survival from time of

first embolization.
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cohort of patients. These complications have been
described in past reports of embolization, particularly
when the common hepatic artery was occluded.52,53

Absence of these complications in this study may be
due to the multistage technique, use of prophylactic
antibiotics, and aggressive hydration.

In the present study, the median overall survival
from the time of first embolization at our institution
was 36 months. If patients with poorly differentiated
histology are excluded, median survival was 40
months. This duration of survival is impressive by his-
torical standards, especially considering the median
interval of 2 years between diagnosis of metastatic 
disease and embolization.

The short survival among the cohort of patients
with poorly differentiated histology (median 15 months)
was similar to survival observed in prior studies. Thus,
we would not recommend hepatic artery embolization
for patients with this type of rapidly progressive neu-
roendocrine carcinoma. Systemic chemotherapy is more
appropriate in treatment of this tumor subtype.59

An analysis of overall survival among patients receiv-
ing postembolization chemotherapy appeared to show a
slight reduction in survival compared with patients who
did not receive chemotherapy. This unexpected result
may be due to a selection bias: of the 13 patients receiv-
ing chemotherapy after embolization, only 3 had carci-
noid tumors,while 10 had pancreatic endocrine tumors,
which typically confer a worse prognosis. Thus, it is dif-
ficult to draw conclusions on use of chemotherapy after
embolization. At our institute, we commonly recom-
mend this option to patients with pancreatic endocrine
tumors but rarely to patients with carcinoid tumors.

Median survival has not yet been reached among
patients receiving postembolization therapy with yttrium
or lutetium conjugated to octreotide. It is hoped that this
encouraging response will be validated by results of
prospective studies using these experimental treatments.

The median survival of patients receiving long-
term somatostatin analog therapy was 41 months com-
pared with a median survival of 24 months among
patients who did not receive this treatment. Selection
bias may explain some of this difference (the pleurality
of those who did not receive octreotide had nonfunc-
tioning pancreatic endocrine tumors). However, in
light of prior studies demonstrating the antiprolifera-
tive effect of somatostatin analogs, it remains a reason-
able strategy to offer this treatment to most patients
with carcinoid or pancreatic endocrine tumors. In our
practice, we routinely administer somatostatin analog
therapy to patients with tumor uptake on OctreoScans,
indicating somatostatin receptor positivity.60

Future trials are needed to compare bland hepatic
artery embolization with chemoembolization, to fur-
ther address the role of postembolization chemothera-
py, and to assess standard therapy vs new treatment

modalities such as radiopharmaceutical agents. Angio-
genesis inhibiting agents may become important in
treating this class of vascular tumors, possibly as
postembolization therapy. Progress in the field will
depend on prospective trials to address these issues.
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