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Abstract Neuroendocrine tumors (NETs) of the gastro-
intestinal tract have a propensity for hepatic metastases.
Surgical resection for hepatic metastases remains the gold
standard for long-term survival, but many patients present
with multifocal tumors, precluding surgery with increasing
use of chemoembolization. However, there are few studies
examining long-term survival factors. We reviewed our
15-year experience with chemoembolization in 123 patients
with unresectable NET liver metastases, whose prognosis
was evaluated upon baseline clinical factors. There were 64
males (53%) and 59 females (47%). Average age at pre-
sentation was 56 years (range: 14.3-85.5 years). Abdomi-
nal pain (44%) was the most common presenting symptom,
followed by diarrhea (30%) and weight lost (22%). Patients
underwent an average 7.3 cycles of chemoembolization
(range 1-32 cycles). Responses: 62% of patients had PR;
24% had stable disease and 14% had tumor progression.
Overall 3-, 5- and 10-year survivals were 59, 36 and 20% of
patients with a mean follow-up of 3.2 years (range
2 weeks—18.3 years) and mean survival of 3.3 years. Uni-
variate analysis showed that age greater than 60 years had
worse outcome (P < 0.01), as did baseline serum albumin
of <3.5 g/dL and prothrombin time >13 s. Location of the
primary tumor (P = 0.68), gender (P = 0.4) and serum
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NET peptide levels did not influence survival. However,
multivariate analysis showed that a low baseline serum
albumin level was an independent factor for prognosis
(P = 0.003). Chemoembolization for unresectable NETSs
metastatic to liver is useful for tumor size reduction,
symptom palliation and can be associated with prolonged
survival.
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Introduction

Neuroendocrine tumors (NETs), commonly referred to as
carcinoids, consist of a heterogeneous group of malignan-
cies derived from enterochromaffin cells, which are part of
the amine precursor uptake and decarboxylation (APUD)
system. NETs can thus arise from a broad spectrum of
anatomic sites [1, 2]. These tumors share similar histo-
logical characteristics and biochemical profiles, including
the ability to produce a number of amines, polypeptides
and prostaglandins [3, 4]. The incidence has been estimated
to be as high as 8.4 cases per 100,000 people, although the
actual incidence may be significantly higher if one includes
subclinical cases [3, 5, 6]. A significant proportion of
patients have systemic metastases at the time of presenta-
tion [6]. Overall, hepatic metastases with NETs are the
commonest site of spread, ranging from 10 to 65% of cases
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[6, 7] Published reports of NETs frequently focused on the
prognosis of patients who are found to have primary neu-
roendocrine tumors [8, 9]. A group of NET patients with
unresectable liver metastases outlive patients with com-
parable tumor burdens from most other cancers.

Since the rate of progression differs widely between
patients, the management modalities for metastatic NETs
are numerous [10-13] Surgical management of resectable
metastatic disease remains the best option for cure, with
S-year survivals estimated between 50 and 79% [8, 14—-17]
However, a number of modalities including systemic che-
motherapy, somatostatin analogues, cryotherapy, radiofre-
quency ablation, percutaneous alcohol injection, hepatic
transplantation and chemoembolization have been used to
treat patients with unresectable metastatic disease [15, 18].
Chemoembolization has been reported to be an effective
strategy for the treatment of metastatic NETs isolated to
the liver [18-20] and has been accepted as either a bridge
to surgical therapy or a primary treatment for unresectable
liver tumors [1, 18, 20]. Comparison of the various
modalities showed that chemoembolization treatments
seem to offer both symptomatic improvements and survival
advantage compared to medical therapy alone [8, 16]. We
review here our experience with chemoembolization ther-
apy for the treatment of metastatic NETs to the liver at a
large tertiary referral center over a 15-year period, with a
focus on prognostic factors.

Materials and methods
Patients

We retrospectively analyzed the data of 123 patients with
unresectable metastatic NETs to the liver treated with
chemoembolization at the University of Pittsburgh Medical
Center between 1990 and 2005. All patient data were
gathered from electronic chart review and a previously
computerized database. This database comprised a list of
patients seen at a large tertiary center concentrating on the
management of patients with unresectable liver tumors
using multiple chemoembolization treatments by one of us
(BC). In all patients, diagnosis was confirmed by biopsy,
using routine histology and immunochemical examination.
Baseline and monthly follow-up laboratory blood tests
included routine complete blood count, prothrombin time,
creatinine, routine liver function test. A NET peptide panel
was performed at baseline, and the peptides that were
elevated in an individual patient were repeated in follow-
up. Octreotide scans were used to assess disease spread at
baseline only, or if progression was suspected. Follow-up
records for survival were obtained from clinic notes or
phone calls.

All patients reviewed underwent chemoembolization
after surgical resection was deemed impossible. Informed
consent was obtained from all patients prior to their treat-
ments. Patients with portal vein occlusion, encephalopathy,
massive ascites, uncontrolled coagulopathy or cardiac fail-
ure were excluded from treatments. Patients were generally
admitted the night before their treatment and hydrated, prior
to undergoing therapy. Post-procedural routine consisted
of intravenous hydration and anti-emetics, followed by
resumption of oral intake, assessment of liver functions and
coagulation profiles, followed by discharge the following
day. Patients generally underwent pre-procedural CT or MRI
scan of the abdomen to identify the largest lesions suitable
for embolization. Following cannulation of the feeding
hepatic vessels, the dominant hepatic masses were embol-
ized using a combination of embolizing agent plus chemo-
therapy, which was delivered sub-selectively to the feeding
artery for single lesions, or to a lobar artery for multiple
lesions. Even bilobar tumors were treated to a single lobe at
any one therapy session to limit hepatotoxicity. Choice of
embolic agents was chosen at the discretion of the radiologist
(Gelfoam® or Biospheres®). Choice of chemotherapy agents
varied depending on previous treatments, with most patients
receiving doxorubicin at 40 mg/m* as the starting dose.
Many patients received streptozotocin at 2 gm/m? if they
were intolerant of doxorubicin or had previous doxorubicin
exposure. All patients received intravenous hydration, anti-
emetics and analgesics before and after chemoembolization.
Patients with carcinoid symptoms were also given con-
comitant systemic Sandostatin. No carcinoid crises were
experienced. Additional systemic chemotherapy was not
given due to tolerance considerations. LAR treatments were
repeated every 2 months till radiological stabilization, then
every 3—4 months. Radiographic follow-up of hepatic tumor
burden was performed using CT or MRI scans prior to the
next treatment. Responses were assessed using RECIST
criteria.

Clinical variables reviewed included gender, age, location
of primary, presenting symptoms, number of chemoembo-
lization treatments, size of metastases and serum hormones.
Age at diagnosis represents the time liver metastases were
discovered. Location of primary was defined as foregut
(respiratory tract, stomach, duodenum, biliary tract), midgut
(small bowel, appendix, right colon), hindgut (left colon,
rectum) or unknown/liver (primary liver neuroendocrine
tumors and metastatic disease with unknown primaries) [21].
Follow-up and survival were calculated from the time liver
metastases were first diagnosed.

Statistical analysis

Data were reported as mean =+ standard error. Comparison
for survival between different variables, plotted according
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to the method of Kaplan—Meier, was determined using the
log-rank test. The radiological response based on scan
measurements of tumor sizes following treatment was
examined using the paired -test. Correlation between the
number of chemoembolization cycles and survival was also
determined using Spearman’s method with significance set
at P = 0.01.

Results

Patient baseline characteristics are shown in Table 1. Out
of 123 patients, 66 were male (53%) and 59 were female
(43%). The average age of patients at the time of diagnosis
for liver metastases was 56 years (range: 14-85 years).
Patients were followed for a mean of 3 years (range:
0.03-18 years). Forty-two percent (n = 52) of the patients
were older than 60 at the time of diagnosis for liver
metastases. A small subset of individuals was under
40 years of age (n = 17). The most common site of the
primary tumor was foregut (n = 61). Fifteen of the 61
foregut primary tumors were in the pancreas at the time of
presentation, and these were resected prior to treatment of
the liver metastases. A substantial number of patients had
unknown primaries (n = 38), precluding any intervention
for the primary site.

Most patients presented with symptoms with only 9
patients being discovered incidentally. The most common
clinical presentation was abdominal pain (40%), followed
by diarrhea (25%), weight loss (20%), nausea and vomiting
(11%), flushing (11%) and fatigue (9%). Thirty-five patients
(32%) had symptoms of carcinoid syndrome, consisting of
diarrhea, flushing or palpitations. A significant proportion
of the tumors elaborated hormones without associated
symptoms, with the majority producing pancreatic poly-
peptide (n = 54), followed by serotonin (n = 36), gastrin
(n = 25), glucagon (n = 6), insulin (n = 4), VIP (n = 3),
somatostatin (n = 1) and ACTH (n = 1).

An average, 7 cycles of chemoembolization were
administered to this cohort of 123 patients. There were no
technical delivery failures and no > grade 2 treatment
toxicities, despite several patients having >70% of the liver
involved by tumor mass. Responses (Table 2) by CT/MRI
were the following: Partial responses (PR) were found in
76 patients (62%), and an additional 30 patients (24%) had
minor responses or tumor stabilization, for a total disease
control (PR + CR + stable) of 106 patients (86%).
Seventeen patients (14%) showed progressive disease
while undergoing chemoembolization. Responses were
seen across all the NET subtypes, including insulinomas
and glucagonomas.

Mean survival for the entire cohort was 5.47 years.
Overall 3-, 5- and 10-year survivals were 59, 36, and 20%.
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Table 1 Clinical characteristics at the time of diagnosis with liver
metastases (n = 123)

Characteristic Variable No. of patients (%)

Clinical characteristics

Gender
Male 64 (52)
Female 59 (48)
Age (years)
<40 17 (14)
40-60 56 (46)
>60 50 (41)
Location of primary
Foregut 61 (50)
Midgut 21 (17)
Hindgut 32
Liver/Unknown 38 (31)
Symptoms at presentation
Abdominal pain 49 (40)
Diarrhea 31 (25)
Weight loss 24 (20)
Nausea/Vomiting 14 (11)
Flushing 13 (11)
Fatigue 11 (9)
GI Bleed 10
Incidental mass
Jaundice
Endocrinopathy
Hormone secretion
Pancreatic polypeptide 54
Serotonin 36
Gastrin 25
Glucagon 6
Insulin 4
VIP 3
Others* 2

* Others included: 1 somatostatinoma, and 1 ACTH-producing tumor

Table 2 Tumor responses

CR 0

PR 76 (62%)
Stable 30 (24%)
Progression 17 (14%)

Univariate analysis (Table 3) revealed that age >60 years
was a negative predictor of survival (P = 0.03). Gender,
site of primary tumor and hormone production did not
predict survival. Patients with unknown primaries, who
thus must have had their primary tumors left untreated, had
comparable survival to patients who underwent surgical
management of their primaries.
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Table 3 Univariate analysis of prognostic factors for survival

Characteristic Actuarial survival P value
1 year (%) 3 year (%) 5 year (%)
Clinical factors
Age
<60 years old 93 66 43 0.03
>60 years old 74 49 28
Gender
Male 87 57 32 0.29
Female 84 63 43
Location of primary
Foregut 83 52 32 0.66
Midgut 92 66 51
Liver/Unknown 88 66 30
Serum liver functions
Albumin
<3.5 g/dL 73 50 10 <0.0001
>3.5 g/dL 92 66 47
AST (SGOT)
<40 IU/L 88 66 41 0.08
>40 TU/L 81 49 28
ALT (SGPT)
<40 IU/L 86 64 43 0.2
>40 TU/L 85 56 30
Alkaline phosphatase
<125 IU/L 88 65 45 0.1
>125 TU/L 84 56 32
Prothrombin time
<13s 87 66 38 0.05
>3 s 76 35 29
Hormone markers
Pancreatic polypeptide
<325 pg/ml 93 64 30 0.2
>325 pg/ml 85 70 52
Gastrin
<100 pg/ml 84 62 40 0.6
>100 pg/ml 86 584 31
Chromogranin A
<200 ng/ml 87 71 40 0.5
>200 ng/ml 86 59 36
Serotonin
<165 ng/ml 85 59 32 0.6
>165 ng/ml 88 65 42

Pre-treatment laboratory evaluation revealed that albu-
min <3.5 g/dL and PT >13 s were statistically significant
in predicting unfavorable outcome. Hormone production
including pancreatic polypeptide, serotonin, chromogranin
and gastrin did not affect survival. Multivariate analysis
showed that albumin <3.5 g/dL was an independent

unfavorable prognostic factor for survival, with an Exp(B)
of 2.708 (P = 0.003, 95% CI: 1.412, 5.192).

Discussion

Many patients remain asymptomatic until their tumors are
metastatic. About 10% of patients already have hepatic
metastases at presentation although some report that to be
as high as 50-65% of patients [6, 7]. Unlike patients with
isolated primary NETs, a large proportion of patients
(92%) seen in this series were symptomatic from their
tumor burdens. Carcinoid syndrome, manifested by either
diarrhea (25%) or by flushing (11%), was not prevalent
even when patients had developed large tumor burdens.
The majority of patients presented with abdominal pain and
discomfort (40%) due to their liver tumor size. Several
patients had symptoms related to liver dysfunction. Serum
levels of hormone production also did not correlate with
symptoms, as a large number of patients produced non-
functional hormones with pancreatic polypeptide being the
commonest, followed by serotonin.

The patients with NET hepatic metastases have several
treatment options. On the one hand, the tumors are clearly
malignant culminating in symptoms both from tumor bulk
and from hormone production, which is terminal in the
majority of cancers. On the other hand, the indolent growth
rate of many of these tumors offers a unique opportunity to
intervene [7]. When tumor bulk precludes surgical extir-
pation, various modalities are utilized for palliation. Since
the hepatic artery alone supplies these hepatic tumors, this
represents an opportunity for selective drug delivery [7,
19]. Overall patient survival in this cohort was comparable
to previous observations [16, 22]. Long-term survival was
35.5% at 5 years and 19.5% at 10 years in our series. The
3.3-year median survival is a reminder that even with
chemotherapy responses; this can be a lethal disease.
Chamberlain et al. showed that patients with over 75%
liver involvement by tumor had only 33% 5-year survival
[16].

Analysis of multiple clinical variables showed that age,
albumin level and prothrombin time influenced survival.
Location of the primary did not influence overall survival
in this series of patients. A recent small study, using
combination chemotherapy, might yield longer survival
[23]. Unlike pancreatic adenocarcinomas, location was not
a significant predictor in this series of patients. Neither
gender nor hormone affected survival (Table 3). Labora-
tory findings showed that albumin and PT are significant
predictors of outcome. Similar to the results of chemo-
embolization for inoperable hepatocellular carcinoma [24],
markers of synthetic function of the liver are significant
predictors of outcome (Table 3).
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Because of the limited number of patients available,

prospective randomized clinical trials comparing chemo-
embolization therapy versus other modalities are difficult
in single-institution studies of NET. However, the use of
chemoembolization for symptomatic control is increas-
ingly accepted [11, 18-20, 22] We found that baseline low
serum albumin levels, high prothrombin time and old age
are variables identifying patients at risk of poorer survival.
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