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Abstract

Few clinical studies have demonstrated an anti-proliferative
activity of somatostatin (SST) analogs in carcinoids.
We report the case of a woman with liver metastases of
neuroendocrine tumor and no evidence of the primary
tumor. The liver metastases were characterized by high
proliferation index, immunoreactiviy for somatostatin
receptor (SSTR)-1, 2, 3 and 5 and positive octreoscan.
Urinary 5-hydroxyindolacetic acid, serum serotonin and
chromogranin A were elevated. Slow release lanreotide
(SR-LAN) therapy for 3 mo controlled clinical and biochemical
signs of carcinoid tumor and caused a clear-cut reduction
in the diameter of two liver metastases and disappearance
of another lesion, with further reduction after 6 and
18 mo. We demonstrated a clear-cut long-lasting anti-
proliferative effect of SR-LAN on liver metastases of
occult carcinoid with high proliferation index and
immunoreactivity for SSTR-1, 2, 3, and 5. Immuno-
histochemistry for SSTRs could be a suitable method for
the selection of patients with metastatic carcinoid that
may benefit from SST analog therapy.
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INTRODUCTION
Carcinoid tumors are the most frequent neuroendocrine
tumors of the gastrointestinal (GI) tract[1]. Although initially
believed to be mostly benign, these neoplasms have
demonstrated different biological and clinical behavior and
have recently been classified as either well-differentiated
endocrine tumors or as well-differentiated or poorly differentiated
endocrine carcinomas[2,3]. Carcinoid tumors, with the exception
of those originating in the rectum, produce a variety of
biologically active substances (most commonly serotonin
and tachykinins), which may account for the carcinoid
syndrome with flushing, diarrhea, bronchial constriction, and
right heart disease[3,4].

Somatostatin (SST) is known to inhibit proliferation and
secretion of  normal and tumor endocrine cells expressing
SST receptors (SSTRs). Five different SSTR subtypes have
been identified and the anti-proliferative effects of SST
have mainly been ascribed to SSTR1, SSTR2, and SSTR5
activation[5,6]. Long acting SST analogs (lanreotide, LAN,
and octreotide, OCT) have been shown to be effective in
controlling symptoms of carcinoid syndrome[4,7]. By contrast,
few studies have demonstrated an anti-proliferative effect
of these drugs on metastatic carcinoid tumors[8,9]. The clinical
use of SST analogs is based on the expression of SSTRs in
such tumors. This expression can be demonstrated by both
in vitro and in vivo studies, the latter by SSTR scintigraphy[10].
The in vitro characterization of SSTR subtype expression
has been carried out in only a limited number of studies,
which have reported specific immunoreactivity for SSTR1
and SSTR2 in 86%, for SSTR3 in 71%, and for STTR5 in
83% of 36 carcinoid tumors[11].

In this report, we describe a patient with liver metastases
of occult carcinoid tumor, in whom therapy with the slow
release (SR)-LAN was associated not only with symptom
improvement but also with sustained reduction in metastasis
size. We also evaluated SSTR subtypes expression by
immunohistochemistry and its correlation with in vivo SSTR
scintigraphy.

CASE REPORT

A 72-year-old woman presented in 2002 with multiple
l iver lesions, incidentally discovered by abdominal
ultrasonography (US) performed for gallstones follow-up.
The patient reported a 2-year history of abdominal pain
and intermittent diarrhea but did not complain of  rash and
flush episodes. Past medical history and family history were
not remarkable and occurrence of multi-endocrine neoplasia
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type 1 (MEN1) was not documented. Physical examination
was consistent with overweight (BMI = 29 kg/m2), mild
hypertension (BP 145/90 mmHg) and normal heart rate.
Serum electrolytes, complete blood count, liver and renal
function were normal.

Abdominal CT showed multiple metastatic lesions at
the VI hepatic segment (diameter 70 mm×60 mm) and at
VII, V, and III segment (maximal diameters: 30, 10, and
10 mm, respectively) (Figure 1). US-guided liver biopsy
demonstrated neoplastic cells, consistent with ‘metastases
of neuroendocrine tumor’, with immunoreactivity for
chromogranin A (CgA), neuron-specific enolase (NSE),
and sinaptophysin. The Ki67 tumor proliferation index
was 15%. In tissue specimens from liver metastases,
immunohistochemical analysis was performed with specific
antisera against SSTR1, SSTR2, SSTR3, SSTR4, and SSTR5
(Gramsch Laboratories, Schwabhausen, Germany) at 1:200
dilution in PBS. Visualization was performed with avidin-
biotin-peroxidase complex (ABC). The cell nuclei were
counterstained with hematoxylin. All reagents were from
Vector Laboratories (Burlingame, CA, USA). Strong
membrane immunoreactivity was detected for STTR 1,
2, and 5; staining for SSTR3 was observed only in scattered
cells, while no immunostaining was evident for SSTR 4
(Figure 2). Endocrinological work-out showed normal
function of pituitary, thyroid and adrenocortical glands,
and normal serum levels of  calcium and parathyroid
hormone. Urinary 5-hydroxyindolactetic acid (5-HIAA)
and serum serotonin levels were elevated [14 mg/24 h
(normal <5), and 248 ng/mL (normal <190), respectively]
(Table 1). Plasma CgA levels were also increased (922 ng/mL;
normal <98). By contrast, carcino-embryonic antigen and
NSE plasma levels were normal. Echocardiography
revealed no cardiac abnormalities. Whole body scanning
with In-111 octreotide (Octreoscan) visualized the liver
metastases (Figure 3), in the absence of other pathological
uptake in the planar images obtained 24 and 48 h after
injection. Esophagogastroduodenoscopy and barium study
of  the small bowel were normal. Colonoscopy showed a
colon polyp, which on histological examination, was found
to be a tubulovillous adenoma, with no evidence of primary

carcinoid tumor either in the upper or in the lower GI
tract. CT scan of the pelvis and thorax, bronchoscopy
and bronchial brushing cytology were normal. Whole-body
18fluoro-2-deoxyglucose positron emission tomography,
FDG-PET, confirmed the presence of  a FDG-positive
focus in the VII liver segment, without additional foci. At
diagnosis, Karnofsky Performance Status Scale was 80%
(100 = normal; 0 = dead), indicating the presence of  some
signs or symptoms of disease[12].

The patient was treated with 30 mg SR-LAN im every
14 d. Follow up-investigations, including complete blood-
count, biochemical screening profile and evaluation of
plasma CgA and serotonin, and urinary 5-HIAA levels were
performed at 3, 6, 12 and 18 mo of  therapy. CT scan was
performed at 3, 6, and 18 mo and whole body octreoscan at
12 mo. The diarrhea was completely resolved after 1 mo of
treatment. Serum serotonin and urinary 5 HIAA levels
markedly decreased after 3 (serotonin 248 ng/mL; 5
HIAA, 2.5 mg/24 h) and 6 (serotonin 98 ng/mL; 5 HIAA,
2.4 mg/24 h) mo of  therapy, remaining within normal
range at 12 and 18 mo. Plasma CgA markedly decreased
after 3 and 6 mo (108 and 119 ng/mL, respectively) and
even more so after 12 and 18 mo of SR-LAN therapy (45.5
and 34.7 ng/mL, respectively) (Table 1). Abdominal CT
showed reduction in the size of liver metastases (Figure 1)
(maximal diameters: down to 35, 20, and 10 mm, respectively,
at the V, VII, and V hepatic segment), and disappearance
of the lesion at the III segment, after 3 mo of SR-LAN
therapy. CT scan remained stable at 6 mo, and showed a
further reduction in liver mass diameters (30 mm×28 mm

Figure 1  Abdominal CT scan obtained before initiation of SR-LAN
therapy (A) showing the liver metastasis (black arrow) at the VI
hepatic segment (diameter 70×60 mm). CT scan obtained after 3
(B), 6 (C) and 18 (D) mo of SR-LAN demonstrates a significant reduc-
tion in the size of liver metastasis.

Figure 2  Most metastatic tumor cells in the liver demonstrate
immunoreactivity for STTR1 (A), STTR2 (B), STTR3 (C), and STTR5 (D)
on the cell membrane (×200).
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Table 1  Hormonal secretion before starting SR-LAN (0) and at 3, 6,
12 and 18 mo of therapy

0         3 mo             6 mo          12 mo       18 mo
    Before starting
          SR-LAN

CgA (ng/mL)             900.0        108.0             119.0            45.5           34.7

NSE (ng/mL)                  6.9             5.0                  5.8 6.9 6.3

Serotonin (ng/mL)            412        248                98               67               80

5-HIAA (mg/24 h)                14.0             2.5                  2.4 3.2 2.2
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for the lesion at the VI hepatic segment; 5 and 4 mm for
the lesions at V and III segment, respectively) after 18 mo
of  therapy. Octreoscan confirmed the marked reduction
in liver uptake without other sites of pathological
accumulation of the tracer, at 12 mo after starting SR-
LAN treatment (Figure 3). Serum electrolytes, complete
blood- count, liver and renal function were still normal.
No side- effects were reported, except for mild pain at
the site of  SR-LAN injection. Performance status improved
with an increase in Karnofsky index at 3 mo (90%,
indicating minor symptoms of disease), being unchanged
after 6 and 18 mo of therapy.

DISCUSSION

In patients with liver metastatic carcinoid tumors therapeutic
strategy includes several options: tumor debulking,
embolization of the hepatic artery, treatment with long-
acting SST analogs, interferon- (INF ), combination of
SST analogs and INF , systemic chemotherapy, and liver
transplantation[4,7]. SST analogs are of great value in the
treatment and prevention of carcinoid crisis, resulting in
disappearance or attenuation of symptoms in up to 60-
85% of patients[10,13,14]. However, many patients may show
desensitization, during treatment with LAN and OCT, within
weeks to months[15]. Our patient showed persistent clinical
and biochemical responsiveness to the treatment with 30 mg
of SR-LAN administered every 2 wk for 18 mo, associated
with an apparent reduction in liver metastases. The
control of  tumor growth and suppression of  hormone
hypersecretion ameliorated the quality of life in this patient
with metastatic unresectable carcinoid tumor.

The anti-proliferative and pro-apoptotic effects of SST
analogs have been demonstrated in several neuroendocrine

tumors in vitro[6,16] and in vivo[17]. However, in humans the
anti-proliferative effects have been quite variable and few
clinical studies have demonstrated an antitumor activity of
SST analogs in GI neuroendocrine tumors. Stable disease
lasting from 3 mo up to 5 years has been achieved in 20-
70% of patients, whereas only a partial response has been
observed in <6% of  patients[7,8,10,18]. In metastatic carcinoid
tumors, 30 cases of tumor regression (defined as more
than 50% reduction in tumor mass) have been reported in
the literature[9] and complete regression of these tumors
has rarely been shown[3,9,19,20].

Expression of SSTRs by neuroendocrine tumor may
play an important role, both in detecting the tumor and in
controlling the growth and hormone hypersecretion.
Octreoscan can detect carcinoid and its metastases with a
reported sensitivity of 82-95%[10], depending on tumor size
and on SSTRs expression. In our patient, the staining pattern
of SSTRs in specimens of liver biopsy was consistent with
the presence of the SSTR subtypes 1, 2, 3 and 5, in keeping
with previous evidence[11,21]. Moreover, the detection of
metastatic lesions with octreoscan, predicted the biological
and clinical response to therapy with SST analogs, as
observed by other authors[3]. However, in some cases the
results of SSTR scintigraphy are not consistent with those
obtained through immunohistochemistry. In fact, the
occurrence of a negative or low intensity uptake does not
completely exclude possible tumor responsiveness to SST
analogs and disease stabilization with this therapy[11,22].

The anti-proliferative effects of SST have been shown
to be mediated via activation of SSTR1, 2 and 5[5]. LAN, as
well as OCT, exhibits high affinity for SSTR2 and SSTR5
and low affinity for SSTR3[23]; in particular the expression
of SSTR2 is required, if neuroendocrine tumors are to
respond well to the currently used SST analogs[24,25]. SSTR3
is involved in apoptosis induction[5] and could explain the
tumor shrinkage observed in selected patients treated with
high doses of SST analogs[25,26]. Since different SSTR subtypes
seem to be involved in the inhibition of  hormone secretion,
cell proliferation and apoptosis[5], SSTRs immunohistochemical
analysis should be performed in all patients, with metastatic
carcinoid lesions, in order to predict their clinical response
to SST analog.

A slow tumor growth rate before SST analog treatment
has been reported to predict a good response to OCT or
LAN therapy in patients with neuroendocrine tumors[8]. It
is known that elevated expression of nuclear antigen Ki-67
reflects high proliferative activity and may identify tumors
with more aggressive biological behavior[2,27]. Furthermore,
assessment of  Ki-67 has been suggested to predict tumor
growth stabilization with SST analog treatment[8]. In our
patient, an elevated Ki-67 proliferation index was consistent
with advanced disease, but was associated with a good
responsiveness to the treatment with SR-LAN. Furthermore,
our data suggest that an aggressive biological behavior does
not exclude sensitivity to SST analogs.

Circulating tumor marker measurement may provide
useful information for the follow-up and management of
patients with carcinoid tumors[4]. In our patient, the reduction
in urinary 5-HIAA and serum serotonin levels were consistent
with the clinical response to treatment. Moreover, plasma

Figure 3  Liver metastasis (black arrow) visualized by whole body
scanning with In-111 octreotide (octreoscan) before initiation of SR-
LAN therapy (A). Octreoscan obtained after 12 mo of SR-LAN demon-
strates a marked reduction in the liver uptake (B).
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CgA concentration significantly decreased during SR-LAN
treatment concomitantly with the reduction in tumor mass,
confirming that circulating CgA levels reflect the tumor
mass bulk and may be a useful prognostic indicator in patients
with metastatic carcinoid tumors[28].

In conclusion, a clear-cut, long-lasting anti-proliferative
effect of SR-LAN was documented in a patient with liver
metastases of occult carcinoid tumor, with high proliferation
index and immunoreactivity for SSTR1, SSTR2, SSTR3,
and SSTR5. Since individual SSTR expression pattern is
important for tumor biology and growth behavior of
neuroendocrine tumors, SSTR immunohistochemical analysis
should be performed in clinical practice in order to identify
patients with metastatic carcinoids that may benefit from
treatment with specific SST analogs.
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