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Prolonged survival after hepatic artery embolization in patients
with midgut carcinoid syndrome
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Background: Hepatic artery embolization (HAE) is a palliative treatment for patients with liver

metastases from neuroendocrine tumours. HAE reduces hormonal symptoms, but its impact on survival
has been questioned.
Methods: Biochemical responses and survival in consecutive patients with disseminated liver metastases
from midgut carcinoid tumours were studied after HAE. Repeat HAE was performed in selected patients
with radiological and biochemical signs of progression.
Results: Of 107 patients who had HAE, the median survival from the first procedure was 56 (range 1–204)
months. Prolonged survival showed a strong correlation with reduction of urinary 5-hydroxyindoleacetic
acid (P = 0·003) and plasma chromogranin A (P = 0·001) levels. The biochemical response to repeat
HAE was similar to that for the first procedure (P = 0·002). The complication rate was low (7·5 per
cent), as was the mortality rate (1·9 per cent) within 1 month of HAE.
Conclusion: HAE is safe, provides good control of hormonal symptoms, and prolongs survival in
biochemically responsive patients. It is a valuable palliative option for patients with midgut carcinoid
syndrome due to liver metastases and can be repeated in patients with a favourable response to the first
procedure.
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Introduction

Hepatic artery embolization (HAE) is a vascular intervention for the treatment of patients with liver metastases
from neuroendocrine tumours. Embolization causes relatively selective ischaemia in the metastases, as their main
blood supply is from the hepatic artery whereas the remaining liver parenchyma is supplied from the portal vein1 .
Interventions involving the hepatic artery for therapeutic
purposes were ﬁrst proposed in 19522 and various techniques to achieve tumour ischaemia were subsequently
employed. Ligation of the hepatic artery, however, rarely
achieved adequate ischaemia owing to its rich collateral
blood supply. The technique was associated with a high
mortality rate, and repeat interventions were not possible3 .
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The current method of choice is selective HAE, in
which the hepatic artery is ﬁrst catheterized followed by
the injection of embolization material to induce temporary
ischaemia4 . HAE can be performed safely in most patients,
but contraindications include tumour burden exceeding
50 per cent of the liver volume, portal vein occlusion,
hyperbilirubinaemia and persistently raised liver enzyme
levels5 . Embolization is often accompanied by adverse reactions such as pain, fever, nausea and a transient increase in
liver enzymes, and necessitates a hospital stay of a few days.
Severe complications may include gallbladder ischaemia,
pancreatitis, liver abscess, vascular damage, hormonal crisis and the hepatorenal syndrome. The mortality rate at
centres with wide experience of the procedure is less than
5 per cent5,6 .
HAE is a well established treatment for the control of
hormonal symptoms6 – 11 . In a study of 64 consecutive
patients with the midgut carcinoid syndrome and
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disseminated liver metastases, HAE was effective in
reducing hormone levels and symptoms in those with
clear tumour regression; the biochemical effect lasted for
several years11 .
Patients with resectable liver lesions are best treated
by curative liver surgery11 . A survival advantage for HAE
has been shown in small series12,13 , but the impact on
overall survival still needs to be conﬁrmed. The aim
of the present study was to evaluate the biochemical
response and overall survival after HAE in a large series
of consecutive patients with multiple liver metastases from
midgut carcinoid tumours.
Methods

Between 1987 and 2006, HAE was used to treat 107
consecutive patients (54 women and 53 men) with midgut
carcinoid syndrome and irresectable liver metastases. Data
were analysed retrospectively to determine biochemical
response (hormone markers and liver enzymes) and
survival.
Patients with irresectable liver metastases and hormonal
symptoms associated with a urinary 5-hydroxyindoleacetic
acid (5-HIAA) level that had increased at least twofold
or radiological progression of liver metastases were considered for the procedure. Contraindications to HAE
were tumour burden exceeding 50 per cent of the liver
volume, portal vein occlusion and hyperbilirubinaemia.
Relative contraindications were contrast allergy, coagulopathy, persistently raised liver enzymes, extrahepatic
tumour dominance and poor general performance status.

Embolization procedure
HAE was performed by means of a transfemoral
approach by experienced interventional radiologists using
a Tracker -18 infusion catheter (Target Therapeutics,
Los Angeles, California, USA)14,15 . Patency of the portal
vein was conﬁrmed by angiography. One hepatic artery
was embolized in each session. In patients with a large
tumour burden, superselective embolization of a smaller
segment was performed10 . The embolization material
used was initially absorbable gelatine powder and, later
in the series, polyvinylalcohol particles (45–150 µm).
Patients were given epidural anaesthesia and were
closely monitored haemodynamically. Broad-spectrum
antibiotics and somatostatin analogues were used during
the procedure.
The number of procedures required for complete
treatment of the liver metastases was related to the vascular
anatomy and tumour location. Before the procedure,
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levels of the hormonal tumour markers urinary 5-HIAA
and plasma chromogranin A (CgA) were determined
and computed tomography (CT) of the abdomen was
performed. These investigations were repeated 3 months
after the completion of treatment. Survival was estimated
from the ﬁrst HAE procedure (from the onset of livertargeted therapy), not from the time of diagnosis.

Repeat hepatic artery embolization
Repeat HAE was considered when progressive disease was
detected by two consecutive CT scans with an interval
of at least 6 months, together with a urinary 5-HIAA
concentration increased at least twofold relative to that
recorded after the previous HAE treatment. Repeat HAE
was performed in 19 of the 107 patients at a mean(s.e.m.)
of 47(5) months after the ﬁrst procedure.

Statistical analysis
Stepwise Cox regression analysis was used to build a
statistical model to select variables that correlated with
survival; factors included were sex, age, previous octreotide
treatment, previous treatment with cytotoxic agents,
previous interferon treatment, presence of metastases to
regional lymph nodes, peritoneum or skeleton, increased
liver aminotransferase levels in response to HAE (within
3 days), and changes in urinary 5-HIAA or plasma CgA
levels at follow-up. Cox regression was used to study
the relationship between survival and the percentage
change in urinary 5-HIAA and plasma CgA levels,
and also to determine the inﬂuence on survival of
liver aminotransferase levels after HAE16 . Pearson’s
correlation coefﬁcients were calculated to study the covariation between biochemical responses following the ﬁrst
and repeat HAE procedures. P < 0·050 was considered
statistically signiﬁcant.
Results

A total of 107 patients underwent 213 procedures. Each
patient had HAE between one and four times, 4–6 weeks
apart. The mean(s.e.m.) age of patients was 64(0·9) (range
32–81) years at diagnosis and 66(0·9) (range 33–81) years
at the ﬁrst HAE. The mean(s.e.m.) urinary 5-HIAA level
before the ﬁrst HAE was 400(51) (reference value less than
50) µmol 24 h. Ninety-three patients (86·9 per cent) had
normal liver enzyme levels at entry.
All but one patient had undergone resection of the
primary tumour, excision of regional lymph nodes and
prophylactic cholecystectomy before the HAE procedure.
www.bjs.co.uk
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In ﬁve patients, a limited liver resection with non-curative
intent had been performed. Nine patients had received
interferon and two had received cytotoxic treatment with
no objective response before HAE.
The mean(s.e.m.) time from diagnosis to the ﬁrst HAE
procedure was 28(5) months. Nineteen patients had repeat
HAE because of progression. Fifty-four patients had a
complete record for urinary 5-HIAA levels before the
onset of treatment and at follow-up 1–6 months after
the completion procedure; 37 had a complete record for
plasma CgA.
Two patients died within 1 month of HAE, one
from hepatorenal syndrome and the other from rapidly
progressive disease, giving a mortality rate of 1·9 per cent.
One patient with HAE-related sepsis had an uneventful
outcome. Minor complications included liver abscess (four
patients), mild pancreatitis (one) and accidental occlusions
of the common hepatic artery (two), resulting in a
complication rate of 7·5 per cent.
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Survival
Median survival from the ﬁrst HAE procedure for the
whole series was 56 (range 1–204; 95 per cent conﬁdence
interval (c.i.) 45 to 67) months (Fig. 1). Multivariable
stepwise Cox regression showed that male sex (hazard
ratio (HR) 5·80 (95 per cent c.i. 1·05 to 32·02); P = 0·044),
percentage change in urinary 5-HIAA (HR 0·97 (0·95
to 0·99); P = 0·005), percentage change in plasma CgA
(HR 0·97 (0·96 to 0·99); P = 0·003) and postembolization
aspartate aminotransferase (AST) levels (HR 1·10 (1·04 to
1·17); P = 0·003) were independent predictors of survival.
There was a strong correlation according to Cox regression
between increased survival and reduced urinary 5-HIAA
levels (HR 0·99 (95 per cent c.i. 0·99 to 1·00); P = 0·003) or
reduced plasma CgA concentration (HR 0·99 (0·98 to 1·00);
P = 0·001). There was a 6-month gain in estimated survival
when the reduction in urinary 5-HIAA was 50 per cent or
greater versus no reduction in urinary 5-HIAA, and a
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Biochemical and symptomatic response
Twenty-six of 54 patients had a greater than 50 per cent
decrease in urinary 5-HIAA levels, and 19 of 37 had
a greater than 50 per cent decrease in plasma CgA
concentration. The mean(s.e.m.) decrease in urinary 5HIAA was 30·4(8·0) per cent, and that for plasma CgA was
28·0(10·4) per cent.
Seventy-six patients (71·0 per cent) experienced symptomatic relief, including less diarrhoea, reduced ﬂushing
or improved general well-being reﬂected by weight gain.
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further 6-month gain when the reduction was 75 per cent
or more (Fig. 2).
There was also a strong correlation between reduced
survival and increased AST levels after HAE (HR 1·03
(95 per cent c.i. 1·01 to 1·05); P < 0·001).

Response to repeat embolization
For six of the 19 patients who had repeat HAE on tumour
progression, a complete record was available of the changes
in urinary 5-HIAA concentration in response to the ﬁrst
and repeat HAE (Fig. 3). The biochemical response to
www.bjs.co.uk
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repeat procedures correlated strongly with the biochemical
response to the primary HAE (P = 0·002).
Discussion

In the present series of 107 consecutive patients with liver
metastases from midgut carcinoid tumours treated with
HAE, the median survival from the ﬁrst HAE procedure
was 56 months. The overall complication rate after HAE
was 7·5 per cent, and the fatal complication rate was
1·9 per cent.
This survival compares favourably with recently published results6 , although patient selection makes direct
comparison difﬁcult. The mortality rate reported in other
major series was less than 5 per cent, a level proposed to
serve as a quality standard5,6 . In the present study, reductions in the levels of tumour markers (urinary 5-HIAA
and plasma CgA) correlated signiﬁcantly with prolonged
survival, and these markers could therefore be used as
predictors of long-term outcome. However, the other
immediate biochemical change (the increase in AST levels)
correlated with reduced survival. It was possible to estimate
the gain in survival after successful HAE; a graded survival
advantage (6–12 months) correlated with the reduction in
tumour-speciﬁc markers.
As the biochemical response to the ﬁrst and repeat
HAE procedures was similar, this study also indicates that
repeat HAE in patients who fulﬁl the criteria for tumour
progression is of value.
HAE is a palliative treatment option for patients with
liver metastases from neuroendocrine tumours6 – 9 , and
appears especially favourable in patients with midgut
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carcinoid tumours17 . The effect of HAE on hormonal
symptoms is well established, but the inﬂuence on survival
has been unclear. Previous studies have reported on survival
beneﬁt8 or increased estimated survival13 . In one small
series of patients randomized after primary surgery and
treatment with interferon, survival was better in those who
had HAE12 .
Efforts have been made to enhance the effect of
liver ischaemia. A large non-randomized series indicated that chemotherapy subsequent to HAE increased
the effectiveness of treatment in patients with advanced
endocrine pancreatic tumours and carcinoids18 . Hepatic arterial chemoembolization (HACE) combines HAE
with liver-targeted intra-arterial cytotoxic agents, such
as doxorubicin, streptozotocin, cisplatin and mitomycin C19 – 23 . HACE provides relief of hormonal
symptoms and often results in long-standing stabilization of the disease, but at the expense of
toxicity.
In a previous series, 64 consecutive patients with
midgut carcinoid syndrome treated with primary surgery,
HAE and somatostatin analogues had a survival rate
of 69 per cent at 5 years. At 10 years, survival was still
high11 . These results surpassed those of previous series,
which reported 5-year survival rates of between 19 and
40 per cent18,24 – 26 .
Mechanisms of action of HAE in addition to
tumour ischaemia remain to be established. Natural killer cells increase in the central venous blood
of patients with a radiological response to HAE,
and individual patients show bilobar tumour regression after unilateral HAE27 , suggesting that systemic immune mechanisms are involved. As not all
patients are responsive to HAE, better selection criteria are still needed to obtain optimal responses to the
procedure.
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