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Introduction

Midgut carcinoid tumours 
Carcinoid tumours were first described in 1907 by Oberndorfer and were 
initially believed to be benign tumours, originating in the intestine. Later, the 
carcinoid´s malignant potential was described as well as different possible 
locations for the primary tumour.  

The previous classification that is still widely used among clinicians was 
proposed in 1963 by Williams and Sandler. They classified the tumours de-
pending on the localisation of the primary tumour and the embryonic origin 
of that organ. The tumours were divided into foregut (bronchus, thymus, 
stomach, proximal duodenum and pancreas), midgut (distal duodenum, jeju-
num, ileum, caecum and the mid-transverse part of colon) and hindgut (de-
scending colon and rectum). 

The different kinds of carcinoid tumours have common features such as 
originating from neuroendocrine cells, positive argyrophilic staining reaction 
and the presence of secretory granules. However, they differ in specific hor-
mone production. The main hormone produced by midgut carcinoid tumours 
is serotonin. 

One of the most common midgut carcinoid tumours is that of the appen-
dix. It is usually benign, discovered at the tip of the appendix during appen-
dectomy and is smaller than two cm. If the tumour is larger than two cm or 
located at the base, there is a higher risk for malignant behaviour and more 
extensive surgery should be considered (Moertel et al 1987). Midgut tu-
mours outside the appendix are prone to be malignant and give rise to metas-
tases. The incidence of malignant midgut carcinoids is 0.7-2.1/100.000 (Nor-
heim et al 1987). The most common sites for metastases are regional and 
mesenteric lymph nodes and the liver. In the literature, about 80% of midgut 
carcinoids outside the appendix have lymph node metastases and 40% have 
liver metastases at diagnosis. The most common presenting symptom is the 
carcinoid syndrome which is present in about 50% of the patients. The sec-
ond most frequent symptom is abdominal pain and/or intestinal obstruction 
which is present in about 40% of the patients at diagnosis (Janson et al 
1997).

 The survival of midgut carcinoid patients has improved over the years. In 
historical studies the median survival among those who died from their dis-
ease was only about two years. In later studies, survival and prognosis has 
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been shown to correspond to certain factors. For instance, the ten-year sur-
vival is 60% in the absence of liver metastases while, if present, only 15-
25%. Five year survival has been reported to be 55% when localized or re-
gional disease is present but only 35% in patients with distant metastases. In 
the largest material studied the five-year survival regardless of extent of 
disease was 60% (Strodel et al 1983, McDermott et al 1994 and Modlin et al 
2003). In a study from Janson et al (1997), the median survival of midgut 
carcinoid tumours was 92 months, poor prognostic factors were, amongst 
others, old age, more than five liver metastases and high hormone levels. Zar 
et al (2004) showed in a large historical material that positive prognostic 
factors were young age at diagnosis and diagnosis in recent years. Removal 
of the primary tumour also seems to be of positive prognostic value (Hell-
man et al 2002). 

The carcinoid syndrome 

Flush, diarrhoea, right-sided heart failure and bronchial constriction are the 
four symptoms included in the carcinoid syndrome, which was partly de-
scribed by Isler and Hedinger in 1953 and fully by Thorson et al 1954. The 
carcinoid syndrome is most commonly associated with midgut carcinoid 
tumours and is present in about 50 % of patients recently diagnosed with a 
midgut carcinoid tumour. However, it might, in rare cases, occur in patients 
with bronchial carcinoids and endocrine pancreatic tumours. When a patient 
suffers from the carcinoid syndrome, multiple liver metastases are usually 
present. The diarrhoea is attributed to high serotonin production (Feldman 
and O´Dorisio 1986). However, recent data suggest that tachykinins may be 
involved as well. The flush has been regarded as induced by tachykinins 
such as neuropeptide K (NPK) (Norheim et al 1986). For many years, the 
cause of the carcinoid heart disease was unknown. However, in 2001, Raja-
mannan et al showed that serotonin increased valvular proliferation in vitro 
in a dose-dependent manner. In 2005, Gustafsson et al showed that continu-
ous infusion with serotonin induced carcinoid heart disease in rats. Previ-
ously, there have been reports that some medical agents such as ergotamine, 
fenfluramine and phentermine involved in serotonin metabolism may also 
cause valvular dysfunction resembling the carcinoid heart disease (Connolly 
et al 1997). 
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Hormone analysis 
Urinary 5-hydroxyindoleacetic acid 
In 1953, Lembeck et al were able to extract serotonin from a carcinoid tu-
mour. Two years later, Page et al reported increased levels of the serotonin 
metabolite 5-hydroxyindoleacetic acid (5HIAA) in the urine of carcinoid 
patients. It is still one of the most important markers in diagnosing and as-
sessing midgut carcinoid patients. 

Plasma chromogranin A 
Chromogranin A (CgA) belongs to a group of proteins that was found in the 
adrenal medulla during the 1960s, and, in 1967, Blaschko et al showed that it 
is a significant marker of neuroendocrine secretion. It has been shown to be 
present in almost all neuroendocrine organs such as, the pituitary, parathy-
roid, adrenal medulla, endocrine pancreas and neuroendocrine cells of the 
gut. It is stored in large dense core vesicles in neuroendocrine cells. CgA is 
stored and released together with the more specific peptide hormones and 
might be increased and detected before the more bioactive hormones give 
symptoms. 

Nowadays, it is used in the diagnosis of neuroendocrine tumours. CgA 
has 11 points where it may be cleaved depending on what organ that is in-
volved. This results in several different fragments that are possible to meas-
ure in the plasma. Stridsberg et al (2003) showed that commercial kits for 
measurement of P-CgA have different sensitivities depending on what epi-
tope is targeted by the method. 

Plasma levels of CgA have been shown to correlate with tumour burden 
in neuroblastoma (Hsiao et al 1990). It has also been shown to correlate with 
tumour burden in midgut carcinoid tumours, both in animal studies (Kolby et 
al et al 2004) and humans (Janson et al 1997). In midgut carcinoid tumours it 
has also been proven to be a better biochemical marker than U-5HIAA in 
patients with limited disease (Eriksson et al 1991).  

There are some benign conditions that may cause increased levels of P-
CgA without the presence of a neuroendocrine tumour. Among those are 
treatment with proton pump inhibitors (Sanduleanu et al 1999), chronic atro-
phic gastritis (Borch et al 1997) and renal insufficiency (Hsiao et al 1990). 
These are common conditions and must be regarded when diagnosing new 
patients and evaluating treatments. 

Tachykinins 
NPK and substance P can be found in high plasma concentrations in patients 
with midgut carcinoid tumours. When inducing a flush in midgut carcinoid 
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patients with pentagastrin, NPK increases two-fold and this test may there-
fore be used as an indicator of carcinoid disease in early cases. Besides being 
suspected to induce the flush, NPK is often increased in patients with carci-
noid heart disease (Norheim et al 1987). Substance P is not associated with 
increasing values during pentagastrin stimulation and does not seem to play 
a role in the carcinoid flush (Ahlman et al 1985). In dogs, substance P has 
been described to increase intestinal secretion of water and electrolytes 
(McFadden et al 1986). In recent studies, there is a correlation between lev-
els of tachykinins and diarrhoea in midgut carcinoid tumours and all sero-
tonin producing tumours express tachykinin in immunohistochemical inves-
tigations (Cunningham et al manuscript). 

Somatostatin receptors 
Somatostatin acts through specific membrane-bound receptors. Five differ-
ent receptor subtypes have been characterised. Somatostatin receptor subtype 
1 (sst1) and sst2 were identified by Yamada et al (1992), and the same group 
also reported the cloning of sst3-5 in 1993. The receptors belong to the G-
protein coupled receptor family with seven trans-membrane spanning seg-
ments (Bell et al 1993).  The receptors are widely distributed in the body. All 
receptors are found in the brain, pancreas and stomach while sst1 is found in 
the liver, pituitary and kidney, sst2 in the pituitary and kidney, sst3 in the 
thyroid and pituitary, sst4 in the lungs and placenta and sst5 in the thyroid and 
pituitary (Schaer et al 1997, Caron et al 1997, Taniyama et al 2005).  

The activation of the different receptors results in different actions. One 
of the most important actions is to inhibit hormone secretion and this is me-
diated through sst2 and sst5 (Chen et al 1993). Both octreotide and lanreotide 
bind with high affinity to these two receptor subtypes explaining their effect 
on biochemical markers and symptoms in peptide hormone producing tu-
mours (Lamberts et al 1996). 

 Anti-tumoural actions have been associated with all receptors in in vitro 
studies. Anti-proliferative effects have been shown for sst1-2 and sst4-5        
(Reardon et al 1997, Florio et al 1999, Pages et al 1999 and Sharma et al 
1999). Apoptosis have been shown to be mediated through sst2 and sst3
(Sharma et al 1996 and Teijeiro et al 2002). Almost all of the studies have 
been made in vitro and in animals. Since there are species differences in 
somatostatin receptors, one should be careful in translating the results to 
humans. In clinical reality, radiological responses are rare and seen in only 
5-10% of patients. 

 Since octreotide and lanreotide have a low binding affinity to sst1 and
sst3-4 efforts have been made to develop an sst agonist with a broader recep-
tor binding profile. SOM-230 binds with high affinity to all receptor sub-
types except sst4 (Bruns et al 2002). It is hoped that treatment with SOM-230 
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will have a better anti-proliferative effect than the first generation soma-
tostatin analogues which are used at present, but this still has to be evaluated 
in clinical trials. 

Tyrosine kinase receptors 
With the knowledge that tyrosine kinase receptor (TKR) actions may play a 
role in inducing malignant transformation and promoting growth of several 
different malignancies, molecular targeting directed towards these receptors 
has become a hot topic in anti-cancer treatment. Some of the most interesting 
receptors are platelet derived growth factor receptor (PDGFR), epidermal 
growth factor receptor (EGFR) and c-kit. 

PDGFR
PDGFRs are abundant in connective tissue, bone marrow, endothelial and 
glia cells but are usually not present in epithelial cells. The expression of 
PDGF and PDGFR has been demonstrated in a number of neoplasms such as 
glioblastoma (Hermanson et al 1992), ovarian cancer (Henriksen et al 1993) 
and prostate cancer (Fudge et al 1994). Several studies implicate that PDGF 
has a role in solid tumour development. Several PDGF actions that may be 
of interest in tumour genesis are development of angiogenesis, autocrine 
stimulation of tumour cell growth and control of interstitial pressure of the 
stroma surrounding the tumour (Board et al 2005). 

In midgut carcinoid tumours, Funa et al (1990) found a positive staining 
in 66% of tumours for PDGFR . Two years later, Chaudhry et al found the 
same receptor in 85% of midgut carcinoid tumours and 83% had positive 
staining for PDGFR  in stoma cells. In endocrine pancreatic tumours (EPT), 
Fjällskog et al (2003) reported that all 38 investigated tumours expressed 
PDGFR  while 74% expressed PDGFR . In tumour stroma surrounding the 
tissue, 57% were positive for PDGFR  and 97% for PDGFR . This year, 
Kulke et al presented an abstract where they had treated 39 carcinoids and 52 
endocrine pancreatic tumours with SU11248, a tyrosine kinase receptor in-
hibitor (TKRI) targeting vascular endothelial growth factor receptor 
(VEGFR), PDGFR and c-kit. Radiological responses were seen in two of the 
carcinoid patients (5.1%) and seven (13.5%) of the EPTs and only mild side 
effects were noted.  

EGFR 
EGF is known to increase cell proliferation, induce angiogenesis and de-
crease apoptosis, actions which all may lead to increased mito-genesis and 
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cancer development (Schlessinger et al 2000 and Yarden et al 2001). Several 
malignancies have up-regulated EGFR, including breast, colon, non-small 
cell lung cancer and head-and-neck cancers. Over-expression also often cor-
responds to a poor prognosis (Salomon et al 1995). Because of this the 
EGFR has drawn much attention during recent years and efforts to inhibit 
the receptor, and thereby hopefully find effective anti-tumour treatments, 
have been conducted. Both small molecules blocking the receptor and 
monoclonal antibodies have been tried. At the moment, a preparation of 
monoclonal antibodies against EGFR is registered in Sweden for treatment 
of breast, colon and head-and-neck cancer. 

In neuroendocrine tumours, Nilsson et al (1995) reported a positive im-
munohistochemical staining for EGFR in 27 out of 30 patients with neuro-
endocrine tumours and, in another study, three out of nine midgut carcinoid 
tumours examined expressed EGFR (Wulbrand et al 1998). A recent study 
from Papouchado et al (2005) reported positive EGFR staining in 91% of 
midgut carcinoid tumours. 
In three different neuroendocrine tumour cell-lines, Höpfner et al (2003) 
showed that gefitinib, a small TKRI molecule induced growth inhibition, 
apoptosis and cell-cycle arrest. No studies or reports of midgut carcinoid 
patients treated with EGFR inhibitors have been published to our knowledge. 

C-Kit
The c-kit receptor is expressed in mast cells, melanocytes, spermatogonia 
and breast epithelium. C-kit belongs to class III TKR. The receptor contains 
an extra-cellular part, a single trans-membrane and a cytoplasmic part. The 
activated receptor is involved in several actions such as haematopoiesis, 
mast cell development and function, gametogenesis and melanogenesis 
(Rönnstrand et al 2004). In certain tumours such as germ cell tumours, gas-
trointestinal stromal cell tumours (GIST), mast cell tumours, small cell lung 
cancer and breast cancer, dys-regulation of c-kit plays a role (Tsuura et al 
1994, Hirota et al 1998, Tian et al 1999 and Palmu et al 2002). A c-kit muta-
tion with a gain of function has been shown in mast-cell tumours, germ-cell 
tumours and GIST’s (Hirota et al 1998 and Tian et al 1999). We have not 
found any reports about the expression of c-kit in midgut carcinoid tumours. 
However, in endocrine pancreatic tumours, Fjällskog et al (2003) report a 
positive staining in 92% of the 38 investigated tumours. 
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Treatment 
Surgery 
One of the most important treatments in midgut carcinoid tumours is sur-
gery. Abdominal pain due to intestinal obstruction is one of the most com-
mon symptoms by which the midgut carcinoid tumour presents. The tumour 
itself is most often not large enough to obstruct the lumen of the intestine. 
Instead the lymph node metastases, located in the mesentery, cause a retrac-
tion of the mesentery which eventually will give rise to an obstruction of the 
small bowel. Sometimes this arises before liver metastases have evolved and 
surgery with a radical approach may be performed. However, even in such 
cases, it has been shown that most patients will develop a recurrence of their 
disease though it might take decades before they are diagnosed and medical 
treatment is needed (Moertel et al 1987). The mesenteric lymph node metas-
tases are sometimes difficult to remove since they often grow near the supe-
rior mesenteric artery, surrounding it and giving rise to intestinal ischemia. 
Previously this ischemia was one of the major causes of death by carcinoid 
tumours and is still a problem. It has been shown that resection of the mesen-
teric lymph node metastases with or without liver metastases improves sur-
vival (Hellman et al 2002). A surgical procedure was described by Öhrvall et 
al in 2000, indicating how to remove the mesenteric lymph nodes, also those 
that seemed impossible to resect. 

 Most patients with midgut carcinoid tumours have multiple liver metas-
tases at diagnosis. With new techniques, it has become more safe and feasi-
ble to do liver surgery. It has been shown that aggressive surgery prolongs 
survival and liver resection is now recommended to perform in cases with 
uni-lobar disease or when 90% of the tumour volume can be excised. Today 
it is also common to combine surgery with radiofrequency (RF) ablation to 
reduce tumour volume (Hellman et al 2005).  

Liver transplantations have been performed in a small number of cases of 
endocrine tumours. The reports that have been presented are heterogeneous 
regarding tumour diagnosis. In a study from Gothenburg, two midgut carci-
noid patients were included. One had a recurrence after nine months and the 
second patient was still free of disease 24 months after transplantation 
(Ahlman et al 2004). In a study from France, five midgut carcinoid tumour 
patients had liver transplantation (Le Treut et al 1997). Two had recurrences 
while three were still free of disease 32, 70 and 77 months after surgery. 
Since most midgut carcinoid patients also have extra-hepatic disease, trans-
plantation should be considered only in selected cases. Since modern imag-
ing techniques such as PET with 11C-5-HTP find tumours less than five mm, 
it is recommended performing such investigations if available before consid-
ering transplantation. 
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Alpha-interferon
Interferon (IFN) was discovered almost fifty years ago (1957) by Isaacs and 
Lindmann. It is involved in the immune system for viral defence. There are 
three different types of IFN, alpha ( ), beta ( ) and gamma ( ) IFN, which 
bind to two different receptors.  -IFN and -IFN bind to a common receptor 
and -IFN to a separate one. Recombinant IFN is used in the treatment of 
several different diseases. Alpha-IFN is most commonly used in tumours 
(myelom, hairy cell leukaemia, malignant melanoma, renal cell cancer and 
neuroendocrine tumours) and viral diseases such as hepatitis B and C. It acts 
by stimulating natural killer cells and, in neuroendocrine tumours, controls 
hormone secretion and tumour growth. This was shown by Öberg et al, who 
in 1983, reported the use of -IFN in nine patients with midgut carcinoid 
tumours. Eight of these responded with a reduction of both U-5HIAA and 
symptoms. In 1986, the same author reported an objective biochemical re-
sponse in 47% of 36 patients treated with human leukocyte IFN after long-
term treatment. These results have been confirmed by other authors (Biesma 
et al 1992, di Bartolomeo et al 1993). Radiological responses vary between 
5-20% in most studies. In 1989, Moertel et al treated 24 patients with higher 
doses than previously had been done. The response rate was about the same 
but the patients experienced more side-effects. They also reported that the 
effect lasted for a median of only seven weeks. The frequent side-effects and 
the lack of evidence of an increased survival rate with IFN treatment have 
made the role of IFN in carcinoid treatment questionable. Large randomised 
trials have been difficult to perform. One study that randomised patients 
after embolisation to octreotide or octreotide + IFN could not show any sig-
nificant difference regarding survival between the two treatment regimens 
(Kölby et al 2003). The study did however show an increase in time to pro-
gression giving the advantage to the group given the combination. In a Nor-
wegian, study, patients who responded to IFN treatment were randomized to 
continue with IFN or to stop the IFN treatment. There was a significantly 
improved survival in those patients who continued with IFN treatment 
(Jacobsen et al 1995). A few other randomized studies have been performed, 
however the study populations have been heterogeneous and therefore re-
sults should be interpreted with care (Frank et al 1999 and Faiss et al 2003).  

IFN interferes with the immune-system and this is also the cause for some 
of the side-effects induced by IFN treatment. A transient fever and flu-like 
symptoms arise when starting treatment. Other well-known side effects are 
myalgia, fatigue, anorexia and autoimmune diseases. Among the autoim-
mune diseases, thyroid diseases are the most common (Rönnblom et al 
1991).
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Somatostatin and its analogues 
Somatostatin was first described in 1973 by Brazeau et al. It was described 
as a hypothalamic hormone that inhibited growth hormone (GH) secretion. 
Two biological active forms of somatostatin have been described, soma-
tostatin-14 derived from the c-terminal of a propeptide in the hypothalamus 
and the amino terminally extended somatostatin-28 discovered in the gut by 
Pradayrol et al (1978). Somatostatin is found predominantly in the central 
nervous system and the gastrointestinal tract. However, somatostatin has also 
been found in the placenta, the kidney and cells of the immune system 
(Caron et al 1997, Reubi et al 1999, and Balster et al 2001). 

One of the functions first described for somatostatin was inhibition of 
hormone secretion from endocrine cells and, therefore, it was soon consid-
ered for treatment of endocrine disorders. In carcinoids, the first report came 
from Thulin et al, who, in 1978, reported successful use in a patient with 
severe carcinoid syndrome. However, native somatostatin has a very short 
half-life of about two to three minutes and it is therefore not practical for 
prolonged use. In 1982, the first long-acting somatostatin analogue, octreo-
tide (SMS 201-995), was synthesized by Bauer et al. Its half-life was almost 
forty times longer (113 minutes) (Del Pozo et al 1986). In 1987, another 
compound, lanreotide (BIM-23014C), was synthesized by Heiman et al and 
both analogues are still the most frequently used in clinical practice. 

One of the first reports concerning clinical use of octreotide came from 
Kvols et al in 1986 who reported a biochemical response in 72% of 25 pa-
tients with a malignant midgut carcinoid tumour treated with octreotide three 
times a day. Even more patients had symptomatic improvement. The median 
duration of response was 12 months. During the years, several reports have 
shown about the same response rates (Ruzniewski et al 1996, and Wymenga 
et al 1999). In many patients, there is a recurrence in symptoms after some 
time of somatostatin analogue treatment. This phenomenon called tachyfy-
laxis was described first by Wynick et al in 1989. The reason for its occur-
rence is not yet known. When increasing doses, a new symptomatic response 
is often seen for a period of time. 

Anti-proliferative effects by somatostatin have been studied by several 
groups. Arnold et al (1995), treated 53 patients in a German multicenter 
study with neuroendocrine tumours in a progressive phase with octreotide 
200 µg 3 times daily. Stabilisation of tumour growth was achieved in 36.5% 
with a median duration of 18 months. However, tumour reduction is rarely 
seen at standard doses. There has been a discussion whether this lack of tu-
mour shrinkage is a question of dosage. In a clinical study by Anthony et al 
(1993) they reported 31% radiological responses in a group of neuroendo-
crine tumours treated with higher doses than normal, lanreotide 2250-9000 
µg/day or octreotide 1500-6000 µg/day. In 1997, Eriksson et al presented a 
high-dose study with lanreotide up to 12 mg/day. Disappointingly, only 1 
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patient (5%) had a partial tumour size response. However, in tumour tissue 
from the patients, apoptosis increased during treatment, a feature which is 
not seen when standard doses are used (Imam et al 1997).  

Today slow release formulas of these compounds are most frequently 
used. They are administrated as intramuscular (i.m.) or deep subcutaneous 
(s.c.) injections once a month. The prolonged interval between injections has 
improved the quality of life for patients. Thirty mg of octreotide acetate and 
120 mg of lanreotide are equipotent doses. In the late 1990´s, octreotide 
pamoate was produced. The difference between ordinary octreotide and this 
new compound was that you could load the pamoate with more octreotide, 
160 mg. This compound was tested in several tumour groups. Treatment of 
breast cancer was studied in a randomized trial where tamoxifen was used 
with or without octreotide pamoate. The study was stopped in advance as 
there were no differences in response but there were more gastrointestinal 
side effects in the octreotide pamoate arm (Bajetta et al 2002). Another study 
was performed on a mixture of pancreatic, colonic and gastric adenocarci-
nomas. No tumour responses were seen, however, the treatment was well 
tolerated (Helle et al 1998). 

Octreotide and lanreotide both bind with high affinity to sst2 and sst5 and
with intermediate affinity to sst3, but not to sst1 and sst4. Some of the interest-
ing effects such as apoptosis are believed to be mediated through sst3 and 
other cell-cycle inhibitory effects through sst1. Efforts have been made to 
develop a somatostatin analogue which binds with high affinity to more of 
the receptors. In 2002, Bruns et al succeeded in producing a new compound 
that binds with high affinity to sst1-3 and sst5, SOM230. The first results in 
midgut carcinoid patients who had symptoms, which were refractory to Oc-
treotide LAR treatment were presented in an abstract at the ASCO gastroin-
testinal meeting 2006. This showed that one patient (4%) had complete re-
mission regarding symptoms and another 25% had partial response. Radio-
logical and biochemical results were not reported. 

In the gastrointestinal tract, somatostatin can induce reduction in blood-
flow to the intestine, impaired gallbladder and intestinal motility and inhibi-
tion of the secretion of the exocrine pancreas (Lembcke et al 1987). This is 
the cause to the usually mild adverse reactions seen during treatment with 
somatostatin analogues. The most common are nausea, transient abdominal 
pain, flatulence, diarrhoea and the development of gallstones which almost 
always remain asymptomatic (Trendle et al 1997).  

Liver embolisation 
In patients with inoperable disseminated disease and multiple liver metasta-
ses, hepatic artery embolisation can be performed to reduce tumour mass and 
hormone production. Usually, the embolisation is performed selectively in 
one of the liver lobes, reducing the risk of serious side effects. Overall radio-
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logical response rates of about 50% have been seen in midgut carcinoid pa-
tients with a median duration of 12 months. The procedure can be repeated 
several times. Side effects such as post-embolic pain, fever and nausea is 
seen in 50-90% of patients whereas severe side effects such as liver necrosis, 
renal failure, intestinal ischemia and cholecystitis is seen in less than 10% of 
the patients (Ruszniewski et al 1993, Ajani et al 1988 and Eriksson et al 
1998).  

Radiofrequency ablation 
Radiofrequency (RF) ablation is a local treatment using a needle which is 
placed within the liver metastases. Radiofrequency is used to heat the metas-
tasis until it becomes necrotic. This is used in patients with limited disease in 
the liver (Elvin et al 2005). The impact of the procedure on survival has not 
been investigated in neuroendocrine tumours. 

Peptide receptor radionuclide therapy 
In patients with high radio-ligand uptake at sst-scan, radionuclide therapy 
can be an option. Radionuclides that have been used are 111In-Pentetreotide
or [111In-DTPA] Octreotide, 90Y-DOTATOC and [177Lu-DOTA0,Tyr3] Oc-
treotate. Radiological partial responses (PR) for 111In-Pentetreotide have 
been 0-17% (Anthony et al 2002, Valkema et al 2002 and Buscombe et al 
2003). Better responses have been obtained with 90Y-DOTATOC and [177Lu-
DOTA0,Tyr3] Octreotate. In 90Y-DOTATOC studies a few patients (3-6%) 
have been reported to have complete remission (CR) (Waldherr et al 2002) 
and another 6-37% had PR (Otte et al 1999 and Waldherr et al 2002). There 
are few studies reporting the responses to [177Lu-DOTA0,Tyr3] Octreotate 
treatment. In one of the latest studies published, 2% had CR and 26% PR 
(Kwekkeboom et al 2005). Side effects reported are usually transient and 
include nephrotoxicity and bone marrow suppression. A few cases with 
myelo-dysplastic syndrome have been reported. Further studies to find opti-
mal radionuclide and doses have to be performed. 
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Aims of the investigation 

The aims of the present investigation were to: 

Investigate the proportion of radically operated midgut carcinoid tumours 
that have a recurrence and which method first identifies the recurrences.  

Evaluate overall and five-year survival in patients with malignant midgut 
carcinoid tumours and to identify factors that influence survival. To 
evaluate the effect of first-line medical treatment and the time to progres-
sion.

Evaluate the effect on symptoms, hormone levels and tumour size of oc-
treotide pamoate using a high-dose regime and to investigate changes in 
tumour biology during such treatment. 

Investigate the expression of the tyrosine kinase receptors, PDGFR  and 
, EGFR and c-kit in midgut carcinoid tumours in order to identify possi-

ble targets for future therapy studies.
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Material and methods 

Patients

Paper I 
We identified 61 patients referred to our centre between 1985 and 2004 who 
were considered radically operated by both the surgeon and the pathologist. 
There were 33 men and 28 women and their median age at diagnosis were 
59 years (range 26-84). All had a histopathologically confirmed diagnosis of 
midgut carcinoid tumour not originating in the appendix. Ki-67 index was 
calculated in 24 patients and was less than two percent in all of them. All 
patients had lymph node metastases, two had single liver metastases that 
were removed at surgery. Acute surgery was performed in 43 patients (73%) 
whereas 18 (27%) underwent elective surgery by an experienced endocrine 
surgeon. Agreement in the surgical report and the pathology report on the 
radicality of the operation was an inclusion criterion. 

Paper II 
All patients diagnosed with a malignant midgut carcinoid tumour and re-
ferred to the Department of Endocrine Oncology, Uppsala University Hospi-
tal from January 1990 until February 2006 were included in this retrospec-
tive analysis. Medical records were reviewed and data collected for further 
analysis.  

We identified 284 patients (133 women and 151 men) with a histopa-
thologically confirmed midgut carcinoid tumour. Patients with tumours 
originating in the appendix were excluded. The median age at diagnosis was 
61 years (range 25-84).  All patients were evaluated for disease characteris-
tics and other epidemiological factors. Sixteen patients were lost to follow-
up but the remaining 268 patients were included in the calculation of overall 
survival. In another 41 patients, the primary medical treatment could not be 
evaluated due to change of therapy before evaluation (11), stop of treatment 
before evaluation (10) or no tumour visible at radiology and normal hormone 
levels (20). In the remaining 227 patients calculations of best response and 
time to progression were compared between groups of patients treated with 
only somatostatin analogue or IFN alone or the combination of the two. 
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Paper III 
Twelve patients, seven men and five women, with malignant midgut carci-
noid tumours were included. The median age at diagnosis was 50 years and 
the median time from diagnosis to study inclusion was 64.5 months. All had 
a positive somatostatin receptor scintigraphy (sst-scan) and liver and lymph 
node metastases. Four had bone metastases and two had ovarian metastases. 
All had progressive disease during standard treatment at the time of inclu-
sion. All but one had undergone debulking surgery and all had been treated 
with -IFN. Ten out of twelve were previously treated with somatostatin 
analogues. Three patients had undergone liver embolisation and two patients 
had been treated with [111In-DTPA] Octreotide.  

Paper IV 
Tumour tissue was obtained from 36 patients, 24 women and 12 men, with 
malignant midgut carcinoid tumours. Their median age at diagnosis was 60 
years. All had metastatic disease. Fifteen had received -IFN before the bi-
opsy was taken and 21 had been treated with somatostatin analogues. 
Twenty-nine had performed an sst-scan and 83% had a pathological tracer 
uptake. Twenty-nine of the samples were from liver metastases, seven from 
lymph node metastases and one came from a primary tumour. 

Tumour tissue 
Tumour tissue for histopathological diagnosis and immunohistochemical 
staining was collected using a 1.2 mm needle with ultrasound guidance. The 
tissue sample was immediately frozen in liquid nitrogen and kept at -70ºC 
until further use or was fixed in formalin and embedded in paraffin wax.  

Paper III 
Tumour tissue was collected before treatment was initiated and thereafter 
every sixth month until end of study. 

Paper IV 
Tumour tissue was gathered from the tumour tissue bank in our research 
department from 36 patients with a verified histopathological diagnosis of a 
malignant midgut carcinoid tumour. 

Immunohistochemistry
Immunostaining was performed using the streptavidin-biotin complex tech-
nique (Vector Laboratories, Burlinghame, CA, USA). Regarding antibodies, 
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purchasers and dilutions see Table 1. The immune reaction was visualised 
using Vectastatin Elite ABC kit (Vector Laboratories), 3-amino-9-
ethylcarbazole was used as chromogen and 0.02% hydrogen peroxide as 
substrate. The sections were counterstained with Mayer’s haematoxylin 
(Apoteksbolaget, Stockholm, Sweden). 

Table 1.  Antibodies, dilutions and producers in immunohistochemical analysis in 
paper III and IV 

Antibody Dilution Producer Paper 
CgA 1:2000 M Stridsberg Uppsala Sweden III, IV 
VEGF 1:50 Santa Cruz Biotech. Inc. CA USA III 
P27 1:100 Santa Cruz Biotech. Inc. CA USA III 
P16 1:40 Santa Cruz Biotech. Inc. CA USA III 
Flt-1 1:600 Santa Cruz Biotech. Inc. CA USA III 
Ki67 1:100 Dako Copenhagen Denmark III 
Cleaved
caspase 3 

1:100 Cell Sign. Techn. Inc. MA USA  III 

PDGFR  1:400 Santa Cruz Biotech. Inc. CA USA IV 
PDGFR  1:100 Santa Cruz Biotech. Inc. CA USA IV 
EGFR 1:150 Santa Cruz Biotech. Inc. CA USA IV 
c-kit 1:250 Santa Cruz Biotech. Inc. CA USA IV 
Sst1 1:1200 M Stridsberg Uppsala Sweden III 
Sst2 1:5000 M Stridsberg Uppsala Sweden III 
Sst3 1:5000 M Stridsberg Uppsala Sweden III 
Sst4 1:1000 M Stridsberg Uppsala Sweden III 
Sst5 1:5000 M Stridsberg Uppsala Sweden III 

Cell cultivation 
Human neuroendocrine pancreatic tumour cells, BON1, were cultivated in 
50% Dulbecco´s modified Eagle´s medium and 50% F12 supplemented with 
10% foetal bovine serum (FBS) and penicillin/streptomycin. Cells were cul-
tivated at 37°C in a humified atmosphere containing 5% CO2.

Cell stimulation and fluorescence microscopy.
Cells were seeded in chamber slides and cultivated for 48 hours. Prior to 
stimulation, the cells were incubated in medium devoid of FBS over night. 
Cells were stimulated with PDGF-BB (100 ng/ml) for 15 minutes at 37°C. 
After stimulation, the chamber slides were fixed in 3.8% formaldehyde in 
phosphate-buffered saline (PBS) for 30 minutes at 25°C and washed in PBS. 
The cells were permeabilized in 0.2% Triton X-100 in PBS for five minutes 
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and washed in PBS. Incubation with TRITC-labeled phalloidin (Sigma) in 
PBS was performed for one hour at 25°C and subsequently the cells were 
washed in PBS. The slides were mounted with cover slips by the use of Vec-
tashields (Vector Laboratories). Cells were photographed by an Axiocam 
HRm camera employing the Axiovision Imaging Software using a 63x plan-
apochromat objective and a Zeiss Axioplan2 microscope. 

Tunel
For apoptotic studies of tumour tissue in study III, we used the TUNEL 
method which is based on specific binding of terminal deoxynucleotidyl 
transferase to the 3'-OH ends of DNA breakage. The method was described 
by Gavrieli et al in 1992. 

Biochemistry

Paper I-II 
At the patient’s first visit, P-CgA and two 24-hour collections of U-5HIAA 
were performed as well as routine biochemistry. During treatment and fol-
low-up P-CgA and U-5HIAA as well as routine biochemistry were moni-
tored every third to fourth month. Patients treated with IFN were examined 
for thyroid dysfunction, liver enzymes and bone marrow function at follow 
up.

Paper III 
P-CgA and U-5HIAA were analysed at screening and prior to first injection 
with octreotide pamoate. P-CgA was analysed before every injection during 
the treatment period. U-5HIAA was calculated as the mean of two 24-hour 
urine collections and measured every second month during treatment. In 
addition, haematology, liver enzymes, kidney function and electrolytes were 
checked before every injection. 

Radiology

Paper I, II 
At the patient’s first visit after surgery, a contrast-enhanced computer tomo-
graphy (CT) and ultra-sonography (US) were performed. At the following 
visits, these two investigations were usually alternately used at every second 
follow-up.
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Paper III 
A contrast-enhanced CT was performed at baseline and then every third 
month. The examinations were reviewed by a senior consultant in radiology. 
US was performed at baseline and every sixth month to monitor develop-
ment of gallstones during treatment. 

Somatostatin receptor scintigraphy 
Sst-scan was performed as previously described (Westlin et al 1992). In 
summary, [111In-DTPA-D-Phe1]-octreotide was injected. Twenty-four hours 
after injection, static anterior-posterior whole body images were taken. 
SPECT (Single Photon Emission Tomography) was also performed on the 
abdomen.  

Paper I,II 
Since 1992, sst-scan has usually been performed at the first visit to our cen-
tre. It has also been performed in radically operated patients having new 
symptoms, increased hormone levels or suspicious radiological findings and 
sometimes to follow treatment responses. 

Paper III 
Sst-scan was done prior to start of treatment and every sixth month during 
treatment. 

Positron emission tomography 

Paper I 
PET-scan with 11C-5-HTP has been performed since 1991 in selected cases. 
Most often it has been used in radically operated patients to rule out remain-
ing tumour tissue and before stopping adjuvant treatment for the same rea-
son. It has also been used in patients with new symptoms, increased hor-
mone levels or suspicious radiological findings and sometimes to follow 
treatment response. 

Definition of response 
A radiological response was defined as a reduction by >50% in tumour size 
and was calculated as the sum of the products of the largest perpendicular 
diameters of measurable lesions. Stable disease was regarded as a reduction 
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by <50% or an increase of <25% in tumour size. Progressive disease was 
defined as >25% increase in tumour size and/or new lesions. Biochemical 
response was defined as >50% reduction in one tumour marker. Stable dis-
ease was defined as <50% reduction but <25% increase of a tumour marker 
and progressive disease was thus defined as > 25% increase in one tumour 
marker.

Definition of recurrence 
Our current clinical praxis which was used in this study defines recurrent 
disease as one of the following events: 1) tumour cells are detected in a new 
tissue specimen obtained by surgery or biopsy 2) a tumour lesion is visual-
ized by two radiological methods (US, CT, MRI, sst-scan or 11C-5-HTP
PET) or 3) a tumour lesion is shown by one radiological method in combina-
tion with at least one biochemical tumour marker increased above the upper 
reference level. 

Therapy

Paper II 
In 254 patients, resection of the primary tumour had been performed. 
Twenty-nine patients were treated with octreotide 100-500 µg 1-3 times/day, 
octreotide LAR 10-30 mg/3-4week, lanreotide PR 30 mg/7-14 day or lanreo-
tide autogel 60-120 mg/3-4 weeks alone as first-line medical treatment. Al-
pha-IFN 3-5 MU s.c. 3-5 days/week was given to 85 patients and the combi-
nation of the two treatments were given to 113 patients as first-line medical 
treatment. 

Paper III 
The patients were treated with octreotide pamoate 160 mg i.m. every two 
weeks for two months and thereafter once a month. Treatment continued 
until progressive disease or any other reason for discontinuing the study. 

lpha-IFN had to be withdrawn at least two months before the first injec-
tion of octreotide pamoate. Long-acting somatostatin analogues were discon-
tinued at least two months prior to study start. If the patient was unable to 
manage without somatostatin analogues, short-acting analogues could be 
used until 72 hours prior to the first injection in the study.  
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Statistics

Paper II 
Survival was calculated with the Kaplan Meier method with censoring for 
non-carcinoid related deaths. Proportional hazards were assumed and Cox 
regression method for uni- and multivariate analysis was performed. 
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Results

Recurrences in radically operated midgut carcinoid 
tumors (paper I) 
We found that 38/61 patients (62%) had disease recurrence during follow-
up. The median follow-up of all patients was 90 months (range 15-270). 

 Five patients of those with recurrences had their recurrence already at the 
first follow-up after surgery. One patient was re-operated due to adherences 
and residual disease was found. He had an increased P-CgA but no radio-
logical findings prior to surgery. The other four had radiological findings 
with at least one method. Three out of these four also had elevated P-CgA. 

In the remaining 33 patients, the median time from surgery until a con-
firmed recurrence was established was 35 months (range 6-217).  

P-CgA was the first indicator in 28 of these 33 (84%) patients. Radiology 
was simultaneously positive in three and U-5HIAA in four patients. In the 
remaining patients, P-CgA continued to be elevated for a median time of 39 
months before the recurrence was confirmed by radiology. 

 In only three patients, radiology was the first method to identify a recur-
rence. In the remaining two patients, U-5HIAA was the first method to indi-
cate recurrent disease. 

The five-year survival for the whole group was 96%, whereas the ten- and 
15-year survival rates were the same (92%). 
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Table 2. Summary of patients with radically operated midgut carcinoid tumors who 
had a relapse. The table indicates which method that first indicated the recurrence.

First method that indicated 
recurrence 

No. of 
patients 

Median time 
after surgery 

Median time until 
confirmed recurrence 

P-CgA 23 5 months (2-
148) 

39 months (6-217) 

P-CgA+Radiology 5 5 months (2-96) 5 months (2-96) 

P-CgA+U-5HIAA 3 5 months (3-8) 18 months (10-33) 

P-CgA+Radiology+ U-
5HIAA 

1 21 months 21 months 

U-5HIAA 2 37 months (2-
72) 

58 months (25-91) 

Radiology  4 14 months (2-
76) 

27,5 months (2-80) 

Survival and Clinical Characteristics in 284 Patients 
with Malignant Midgut Carcinoid Tumors (Paper II) 
In this material, the overall survival was 115.5 months from diagnosis and 
the five-year survival was 77%.  

The carcinoid syndrome was present in 68% of the patients but only 
30/284 (11%) had signs of carcinoid heart disease. Lymph node metastases 
were seen in 99% of the patients and liver metastases in 73%. Sst-scan was 
performed in 89% of the patients and, of those investigations, 90% were 
positive.

Biochemical response was achieved in 13%, 43% and 65% of the patients 
treated with IFN, a somatostatin analogue or the combination as first-line 
treatment. The response lasted for 22, 27 and 30 months, respectively. Ra-
diological response was only seen in a minor population (5%) in the combi-
nation treatment group.  

In the multivariate overall survival analysis with tumour related death as 
the endpoint, high age (p<0.0001), extent of disease (liver metastases) 
(p=0.005) and carcinoid heart disease (p=0.0041) were statistically signifi-
cant as poor prognostic factor. 
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Table 3. Best response to treatment 
 CR+PR Duration 

(median) 
SD Duration 

(median) 
PD

Interferon-
alpha 

11/85 
(13%) 

22 months 
(2-141) 

67/85 
(79%) 

23 months 
(4-141) 

7/85 
(8%) 

Somatostatin 
analogue

12/28   
(43%) 

27 months 
(4-60) 

14/28 
(50%) 

27 months 
(5-60) 

2/28 
(7%) 

Combination 74/113 
(65%) 

30 months 
(5-118) 

38/113 
(34%) 

26.5 months 
(5-116) 

1/113 
(<1%) 

CR = complete response, PR = partial response, SD = stable disease, PD 
=progressive disease 

Treatment with high-dose octreotide pamoate (paper III) 
Biochemical and radiological responses 
Nine of twelve patients (75%) with progressive malignant midgut carcinoid 
tumour achieved stable disease for a median of 12 month. Minor tumour 
shrinkage was seen in five of the patients. Four patients (25%) had a PR of 
P-CgA with a median duration of five months, and two patients had PR of 
U-5HIAA for a median of 13.5 months. Another seven patients (58%) had 
stabilisation of P-CgA for a median duration of six month, whereas nine 
patients (75%) had stabilisation of U-5HIAA for a median of nine months. 
Ten of the 12 patients had symptomatic improvement. Few side-effects were 
noted.

Immunohistochemistry 
All tumour specimens showed immunoreactivity for CgA. Sst1-3 and sst5 was 
also expressed in all tissues, while sst4 was expressed in nine out of twelve 
(75%) patients. The sst expression did not change during treatment. Apop-
tosis, which was investigated by the TUNEL-method and cleaved caspase 3, 
as well as markers for angiogenesis, investigated by VEGF and FLT-1, and 
the expression of the cell-cycle regulating protein P16 remained unchanged 
during treatment. The expression of P27, a marker for cell cycle inhibition, 
showed a tendency to decrease during treatment. The proliferation marker 
Ki67 index was low (<2%) in four of 12 patients before treatment. Three 
patients had an unchanged Ki67 index for a median of 24 months. In those 
with Ki67 index >10%, two patients continued to progress, one of the two 
developed a severe carcinoid heart disease, and was withdrawn from the 
study and soon thereafter, he progressed. Two patients decreased their Ki67 
index from high to low figures and were stabilized, see Table 4. 
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Table 4. Immunohistochemical data for Ki67 index (%) 
Pat no Before 

Treatment  
During 
Treatment  

1 20% N.D. 
2 1% 1% 
3 1% 1% 
4 15% N.D. 
5 2% N.D. 
6 15% 50% 
7 10% 7% 
8 4% 3% 
9 15% 7% 
10 8% 5% 
11 22% 2% 
12 2% N.D. 
N.D. = not done.

Tyrosine kinase receptor expression (paper IV) 
Thirteen out of 34 (38%) tumour samples expressed PDGF  receptor and 
29/33 (88%) had expression of PDGFR . The EGFR staining was positive in 
24/33 (73%) of the investigated tissues. None of the samples showed immu-
noreactivity for c-kit (examples shown in Fig. 1). In the stroma surrounding 
the tumour, 35%, 94% and 9% of the tumours were positive for PDGFR ,
PDGFR  and EGFR, respectively. In normal intestine, PDGFR  was seen in 
the muscularis layer while PDGFR  and EGFR were expressed in the mus-
cularis, vessels and intestinal epithelial cells. In Fig. 2, it is shown that 
PDGF induces actin reorganization in BON1 cells. The cells become flat and 
develop lamellopodia, a well-known response in cells stimulated with this 
growth factor as shown by Mellström et al 1983. By western blot, PDGFR
but not PDGFR  was detected in BON1 cells.
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 .

Figure 1. Immunohistochemical stainings in malignant midgut carcinoid tumours. 
Positive stainings for PDGFR   (A), PDGFR  (B), EGFR(C) and ChromograninA 
(E). Negative staining for c-kit (D). 

Figure 2. PDGF induces cytoskeletal reorganization in BON1 cells. The actin cy-
toskeleton of control cells and cells stimulated with PDGF-BB were visualized by 
using TRITC-phalloidin. 

.
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Summary

Study I 
In the first study, we retrospectively identified 61 patients who were consid-
ered to have had radical surgery for their malignant midgut carcinoid tumour 
assessed both by the surgeon’s description and the pathology report. The 
patients were followed and different methods for detecting recurrent disease 
were evaluated. A recurrence was subsequently diagnosed in 38/61(62%) of 
the patients, the median time of observation being 90 months. P-CgA alone 
or in combination with other methods was the first method to detect recur-
rence in 32/38 (84%) of the patients. Time to first sign of a recurrence was 
35 months. However, this was a median of 39 months before the diagnosis of 
the recurrence was established. 

Study II 
In the second study, we identified 284 patients diagnosed with a malignant 
midgut carcinoid tumour between 1990 and 2006 and referred to our national 
referral centre. We collected data concerning tumour characteristics, sur-
vival, best response to first-line medical treatment and factors that could 
influence survival. We found, amongst other things, that carcinoid heart 
disease was present in 11% of the patients while carcinoid syndrome was 
present in 68% of the patients and liver metastases in 73%.  

The median survival was 115.5 months and the five-year survival 77%. 
Biochemical responses to first-line medical treatment were for IFN 13%, 
somatostatin analogues 43% and for the combination 65%. Durations of 
biochemical response were 22, 27 and 30 months, respectively. 

Carcinoid heart disease, liver metastases and old age were poor prognos-
tic factors. 

Study III 
In the third study, 12 patients with disseminated malignant midgut carcinoid 
tumours in a progressive phase were treated with ultra-high doses of octreo-
tide pamoate; 160 mg twice a month for two months and after that, once a 
month. All patients had previously received several different treatments. 
Nine of twelve patients (75%) achieved stable radiological disease for a me-
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dian of 12 months. The treatment was well tolerated and few side effects 
were observed.

Tumour cell biology studies on tumour specimens obtained before and 
during treatment could not identify any changes in apoptotic markers 
(TUNEL and cleaved caspase3), cell-cycle inhibition (p21 and p27) or an-
giogenesis (VEGF, Flt1).

The sst subtype expression was analyzed by immunohistochemistry in all 
tumour specimens obtained in study III. All tumours expressed sst1-3 and sst5
and 9/12 expressed sst4. There was no change in expression during treat-
ment.

Study IV 
In the fourth study, we analyzed the expression of four different TKR with 
immunohistochemistry in 36 patients with malignant midgut carcinoid tu-
mours. Thirty-eight percent of the patients had positive staining for PDGFR
in tumour tissue. Corresponding figures for the other receptors were 88% for 
PDGFR , 73% for EGFR while none were positive for c-kit. Examples 
shown in Fig. 1. In Fig. 2, it is shown that PDGF induces actin reorganiza-
tion in BON1 cells. The cells become flat and develop lamellopodia, a well 
known response in cells stimulated with this growth factor shown by Mell-
ström et al (1983). By western blot, we could detect PDGFR  but not 
PDGFR  in BON1 cells. Thus, BON cells may be a good model in future 
studies of inhibition of PDGF stimulated tumour growth. 
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Discussion

Study I 
In the first study, we investigated which method that was the most sensitive 
for detecting recurrent disease in radically operated midgut carcinoid tumour 
patients. Retrospective data of biochemical markers (U-5HIAA and P-CgA) 
and radiological investigations (US, CT, sst-scan and 11C-5-HTP PET) were 
collected and evaluated. 

 Most patients with midgut carcinoid tumours have disseminated disease 
at diagnosis. One of the most common presenting symptoms at diagnosis is 
abdominal pain. Sometimes there is an indication for acute surgery.  In a 
minority of patients, it is possible to perform surgery with a radical intent. 
From a previous study by Moertel (1987), we know that 77% of the 72 pa-
tients with a malignant midgut carcinoid tumour who underwent curative 
surgery had a recurrence within a median of 16 years from surgery. In an-
other study by Wängberg et al (1996) where 14 patients were operated with 
curative intent and had normal U-5HIAA postoperatively, 50% had a recur-
rence when investigated with sst-scan. In our material of 61 patients who 
were reported by the surgeon and the pathologist to be radically operated, we 
identified 38 patients (62%) who had recurrent disease. The median follow-
up time in our study was 90 months which is shorter than Moertel´s and this 
is probably the reason why there are a higher number of recurrences in his 
material. 

We found that the most sensitive method for detecting a recurrence was 
P-CgA. It was the first method to indicate a recurrence alone in 23/38 
(60.5%) patients and, in combination with other methods, in another 9/38 
(23.7%) patients. Altogether, P-CgA was the first method to indicate recur-
rent disease in 32/38 (84%) patients. In those cases where P-CgA was the 
only method to indicate a recurrence, it took a median of 39 months before 
the recurrence was confirmed either by radiology or, in one patient, by sur-
gery due to adherences. P-CgA has previously been shown to be a better 
biochemical marker than U-5HIAA in patients with limited disease of a 
midgut carcinoid tumour (Eriksson et al 1991). It has also been shown to 
correlate with tumour volume in midgut carcinoid tumours both in animals 
(Kölby et al 2004) and humans (Janson et al 1997). However, to our knowl-
edge, there are no studies comparing the efficacy of radiological and bio-
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chemical investigations in detecting recurrences of midgut carcinoid tu-
mours.  

This study is retrospective and all radiological methods have not been 
performed at every check-up. However, CT and/or US was performed at the 
first follow-up and then every three to six month. Both radiological investi-
gations were equally good as 11C-5-HTP PET in confirming recurrences. 
However, 11C-5-HTP PET was not performed in all patients and not repeat-
edly and thus, may be superior to the other radiological investigations in 
detecting or confirming recurrences. We know from a previous study by 
Örlefors et al (2005) that 11C-5-HTP PET is superior to CT and sst-scan in 
detecting small lesions of endocrine tumours. However, 11C-5-HTP PET is a 
very expensive investigation and few centers have the possibility to synthe-
size 11C-5-HTP. It is therefore not suitable to perform as a repeated investi-
gation in the work-up of a radically operated midgut carcinoid patient. It 
should be restricted to selected cases where there is suspicion of a recurrence 
and where other methods have failed to detect a tumour. Sst-scans have been 
performed in almost all the patients, however not repeatedly, and therefore 
perhaps the efficacy of this method is underestimated in this study. However, 
one of the known situations where there is a problem with this method is in 
detection of small lesions (<1cm). Today many work-up schedules include 
biochemical and radiological investigations several times a year. With the 
knowledge that P-CgA is the most sensitive method to detect recurrences, 
we suggest that an asymptomatic patient with a radically operated malignant 
midgut carcinoid tumour should be monitored by P-CgA twice a year and, in 
suitable patients, US otherwise CT annually. In patients with increased P-
CgA or symptoms of a carcinoid tumour (carcinoid syndrome or abdominal 
pain), available imaging techniques (US, CT, sst-scan and/or 11C-5-HTP
PET) should be used in order to localize the tumour. 

Study II 
The second study was performed to investigate if new treatment options 
have improved survival in malignant midgut carcinoid patients. Patient char-
acteristics were recorded as well as response rate and duration of the re-
sponses on first-line treatment. In previous studies from the 1960´s, median 
survival was five years from diagnosis (Moertel et al 1961). In studies from 
the 1990´s, the five-year survival in patients with liver metastases was re-
ported to be 45-50% (Janson et al 1997, and Kölby et al 2003) whereas those 
with limited disease had a five-year survival of 100% (Wängberg et al 1996). 
In a recent study including more than 13 000 carcinoid patients comprising 
patients from 1959 to 2003, the five-year survival in small intestine midgut 
carcinoid tumours, regardless of extent of disease, was 60% (Modlin et al 
2003). In a study from Pape et al 2004, they report of a five-year survival of 
70%. However, in the study there are only 88 midgut carcinoid patients in-
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cluded and the median duration of follow-up is only two years.  Most studies 
have included patients diagnosed prior to the time when IFN and soma-
tostatin analogues became available and therefore we chose to include pa-
tients diagnosed when these compounds were available.  

The five-year survival was 77% in our material which is better than re-
ported in other homogenous malignant midgut carcinoid materials. The me-
dian age at diagnosis is the same as in previous studies and earlier diagnosis 
is therefore probably not the cause of the improved survival rate. Instead, 
improved medical treatment is more likely to be one of the reasons for this 
prolonged survival. However, no study has been performed comparing sur-
vival between treated and untreated patients. Other new treatment options 
have also become available during the observation time such as RF ablation 
of liver metastases and PRRT with 111In-Pentetreotide or [111In-DTPA] Oc-
treotide, 90Y-DOTATOC and [177Lu-DOTA0,Tyr3] Octreotate. Resection of 
liver metastases has also become more feasible during the period of follow-
up. The only method that has been shown to increase survival is surgery with 
removal of the primary tumour, removal of the mesenteric lymph node me-
tastases and aggressive resection of liver metastases (Hellman et al 2002, 
and Yao et al 2001) and, even in these studies, there is no randomization. We 
have used all these methods in a multidisciplinary way and we believe that 
this concept is the reason for the increased survival. 

Carcinoid heart disease is part of the carcinoid syndrome which usually 
develops when liver metastases are present. In our material, we have more 
patients with both liver metastases and the carcinoid syndrome than are usu-
ally present in studies. Despite this fact, the frequency of carcinoid heart 
disease in our study (11%) is lower than in other studies (30-70%) (Norheim 
et al 1987, and Westberg et al 2001). Recently, a Norwegian group showed 
that continuous infusion of serotonin in rats gave pathological changes in the 
heart similar to that found in carcinoid heart disease (Gustafsson et al 2005). 
Both IFN and somatostatin analogues reduce serotonin production and, since 
almost all our patients had either of the compounds and often both, this 
might be the reason for the lower frequency in our study compared to previ-
ous ones. However, in a multivariate analysis, presence of carcinoid heart 
disease is still an independent poor prognostic factor in carcinoid patients. 

Comparison of responses between different first-line treatments in retro-
spective studies is difficult. First-line treatment is often selected with regard 
to treatment side-effects, other concurrent diseases and preference of the 
doctor. In our material, patients with high age, autoimmune diseases, coro-
nary heart disease and those with severe psychiatric disorders have received 
a somatostatin analogue as single treatment while patients with minimal 
disease and no carcinoid syndrome have received IFN. Those with more 
severe symptoms and probably with the largest tumour bulk have received 
the combination of alpha-IFN and a somatostatin analogue. There were no 
significant differences in survival between the treatment groups in our study. 
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However, it is interesting to note that the largest group of radiological re-
sponders was found in the combination treatment group (5%) and that this 
group also had the highest frequency of biochemical responders (65%).  

Previous randomized studies with IFN and somatostatin analogues have 
not shown any advantage in survival for IFN-treated patients as compared 
with those treated with a somatostatin analogue alone. However, in two of 
the studies there was a heterogeneous patient material with other tumors than 
midgut carcinoids included (Frank et al 1999 and Faiss et al 2003) and, in a 
sub-analysis, midgut carcinoid tumours responded better to IFN treatment 
than other tumours. In another patient material similar to ours with malig-
nant midgut carcinoid tumours only, there was a significantly longer time to 
progression in patients treated with the combination than in those treated 
with octreotide alone (Kölby et al 2003). It has also been shown that, in pa-
tients responding to IFN, survival is prolonged if treatment is continued with 
IFN compared to those who stopped treatment (Jacobsen et al 1995). As with 
all rare diseases, it is difficult to recruit patients to studies. Many centers 
collect patients with tumours that have different features and many of the 
patients should probably receive other kinds of treatments. Because of the 
heterogeneity of groups, it is difficult to identify differences in survival be-
tween different treatments. In our material, we found a higher five-year sur-
vival than has previously been described in a pure malignant midgut carci-
noid tumour material. We cannot however say what causes this and therefore 
randomized multicentre studies with homogeneous materials need to be per-
formed in order to answer the question of what treatment should be pre-
ferred.

Study III 
In the third paper, a study was performed to explore if an ultra-high dose of 
octreotide could increase the response rate as compared to the response 
achieved by regular doses. Tumour biology studies of tumour tissues were 
also performed to investigate if octreotide affected tumour growth. In previ-
ous studies, cell-cycle inhibition, apoptosis and anti-angiogenesis have been 
shown to be induced by octreotide (Imam et al 1997, Pages et al 1999, and 
Garcia de la Torre 2002).  

In this study, there were no radiological responses. However, this study 
included patients with disseminated metastatic disease who had failed on 
several standard treatments; nine out of 12 achieved stable radiological dis-
ease for a median of 12 months. The success of this treatment could of 
course be debated since there were no radiological responses. However, one 
should remember that all patients were in a progressive phase of their dis-
ease at the time of inclusion in the study and most of them had received all 
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available treatments for midgut carcinoid tumours. Eight of twelve had a 
Ki67 index that was much higher than is usually seen in midgut carcinoid 
tumours (>1%). This indicates that the patients included had tumours with a 
high proliferation. In this severely ill group of patients octreotide pamoate 
160 mg was able to stabilize the tumour growth in 75% of the patients for a 
median of 12 months. Regarding the biochemical responses, all but two con-
tinued on high doses of somatostatin analogues until three days prior to base-
line. It is therefore possible that there was a suppression of the biochemical 
markers still present due to that medication. Still, an positive effect for most 
of the patients was obtained. The Ki67 index decreased in several patients 
while tumour growth was stabilized. To obtain such good results in this 
group of late stage patients with almost no side-effects may be considered as 
an important step forward in the management of midgut carcinoid tumours. 

Study IV 
In paper four, we identified TKRs that could be targeted with TKRI. Several 
different tumours have been reported to respond to TKRI treatment (colon, 
head-and-neck, GIST and CML).  It has been shown that for small molecules 
such as imatinib you do not only need the expression but also a mutation in 
the receptor to achieve a response. This also seems to be true for gefitinib in 
non-small cell lung cancer where it was shown that responders had a muta-
tion in the EGFR. However, on the other hand, some of the monoclonal anti-
bodies used do not seem to need the EGFR expression to be effective in 
treatment. An example of this is colon cancer. There is only scattered infor-
mation about TKR expression in midgut carcinoid tumours in the literature 
and most studies performed so far have included few patients. In our study, 
we showed that 38% of the tumours had expression of PDGFR , 88% of 
PDGFR , 73% of EGFR while none expressed c-kit. This indicates, together 
with previous observations, that midgut carcinoid tumours express at least 
three out of the four receptors tested. The expression of c-kit receptor has not 
yet been reported in any other studies but our results indicate that it is proba-
bly not frequently expressed in midgut carcinoid tumours. 

Treatment studies with TKRI in midgut carcinoid tumours have not been 
published. In an abstract, Yao et al (2003) reported early data of 15 unde-
fined carcinoids treated with imatinib. No radiological responses were re-
ported but ten patients had stable disease. In paper four, we report of a pa-
tient who was in a progressive phase although treated with several of the 
available treatments. He was stabilized for more than a year when treated 
with imatinib in addition to -IFN and octreotide. Unfortunately, the TKR 
expression in his tumour could not be investigated due to complicating dis-
ease making it impossible to take a biopsy. Thus, we can only speculate 
about how imatinib acted on the tumour. One mechanism could of course be 
a direct effect on the receptor, inhibiting further cell proliferation. Another 
possible mechanism could be that imatinib through binding to PDGFR in the 
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tumour stroma, might reduce the intra-tumoural stromal pressure and thereby 
allow more of the anti-tumoural treatment to reach the tumour cells. Such an 
effect has been proposed by Pietras et al (2002) in animal experiments. It is 
still unknown if there are mutations in the EGFR in midgut carcinoid tu-
mours. However, in a study from Höpfner et al (2003), three different neuro-
endocrine tumour cell-lines responded to gefitinib treatment. In a study by 
Papouchado et al (2005), an activated EGFR was reported to occur in a high 
frequency in midgut carcinoid tumours. They claimed to have started clinical 
trials with gefitinib in midgut carcinoid patients but there is no report on the 
outcome of such treatment yet. If midgut carcinoid tumours fail to respond to 
small molecules, it would also be interesting to try monoclonal antibodies 
directed towards EGFR, since these have shown responses in several tu-
mours also without the expression of EGFR.  
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Conclusion

P-CgA is more sensitive than U-5HIAA and imaging techniques (US, CT, 
sst-scan) to detect recurrent disease in radically operated malignant mid-
gut carcinoid tumours. 

The median survival in 284 malignant midgut carcinoid tumours treated 
at our centre 1990-2006 is 115.5 months and the five-year survival rate is 
77%. These figures are higher than those previously reported for malig-
nant midgut carcinoid tumours. 

Carcinoid heart disease seems to be less common in our material as com-
pared with historical reports.  

Carcinoid heart disease, liver metastases and old age were identified as 
independently poor prognostic factors in the multivariate analysis. 

Treatment with octreotide pamoate in advanced malignant midgut carci-
noid tumours stabilised the disease for a long period of time without any 
severe side effects and may be an important addition to the therapeutic ar-
senal for patients with advanced disease. 

Malignant midgut carcinoid tumours express PDGFR  and EGFR in more 
than 70% of cases. PDGFR  was expressed in 38% of the examined tu-
mours. C-kit was not expressed in any midgut carcinoid tumour. 

BON-1 cells expressed PDGFR  in western blot analysis and, after stimu-
lation with PDGF, there was an activation of the receptor, indicating that 
it is a possible target for anti-tumoural treatment. This will have to be ex-
plored in future studies. 
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