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GeneralGeneral introduction 

Introductio nn and epidemiology: 

Carcinoidd tumours were first described in 1888 by Lubarsch, who found multiple tumours 
inn the distal ileum of two patients at autopsy.1 The term "karzinoide tumoren" was first 
usedd in 1907 by Oberndorfer to describe a similar tumour which was morphologically 
distinctt and less aggressive in behaviour than classical adenocarcinomas. Carcinoid 
tumourss are neuroendocrine tumours derived from enterochromaffin or Kulchitsky cells 
whichh are widely distributed in the body. For this reason they may be found at any 
locationn in the body, but they are traditionally described as originating from the foregut, 
midgutt and hindgut. 
Thee annual incidence rate of carcinoid is around 2 cases per 100,000 inhabitants and 
variess with gender, age and race. However, in autopsies the incidental finding of these 
tumourss is much higher (up to 0.5-1%) with the main location in the small intestine. ' 
Carcinoidss appear to have an increased overall incidence in the past decades " , possibly 
ass a result of changes in detection rate.9 In the age-specific incidence rates a peak between 
15-255 years and another between 65-75 years can be found. Under the age of 50 years the 
incidencee is approximately twice as high in females compared with men. At higher ages a 
malee predominance is observed with a doubled rate for men compared to women. ' For 
alll  sites, age-adjusted incidence rates are higher in black males (4.48 cases per 100,000 
people).6 6 

Thee sites most often affected in carcinoids are the gastrointestinal tract (about 65%) 
followedd by the bronchopulmonary tract (about 25%). In about 10% the primary tumour 
remainss unknown. Presentation with distant metastases is found in 22%, half of those with 
unknownn primaries. 
Overalll  5-year survival rate for all carcinoid tumours (regardless of site or stage) is 70-

8QO/00 6;8;io A s m j g n t be expected, stage of disease influences the prognosis significantly 
withh the best 5-year survival in localised disease (93%) and a poor 5-year survival in 
distantt metastatic disease (20-30%). The best overall 5-year survival rates are observed in 
patientss with appendiceal and lung carcinoid tumours (95 and 80% respectively) due to a 
loww rate in invasive growth or metastatic spread. 
Survivall  has improved over the last decades.6;7;1° In a study of Quaedvlieg et al.10 the 
introductionn of octreotide therapy was suggested to be a factor in the improvement of 
survivall  in patients with metastatic disease. 

Hereditaryy predisposition: 

Informationn about risk factors in carcinoid tumours is scarce and most carcinoids are 
assumedd to be sporadic. In a minority of patients with a carcinoid tumour, there is a 

11 1 



relationshipp with the multiple endocrine neoplasia type 1 (MEN-1). This is an autosomal, 
dominantlyy inherited disorder, with the MEN-1 gene localised on chromosome 11 
( l lq l3) .. The classical syndrome includes neoplasia of the parathyroid glands, pancreas, 
anteriorr pituitary and neuroendocrine tumours of the lungs, thymus and stomach 
(foregut).11"133 A family history of carcinoid tumours is reported in less than 1% of the 
patientss and some case reports have been published on this subject.14"17 However, the 
relativee risk of developing a carcinoid tumour in an individual with one affected first-
degreee relative is 3.6 (95% CI 3.3-4.1) and with two affected offspring more than 12 (95% 
CII  3.2-27.4). ' ' A study performed in familial pulmonary carcinoid tumours not 
associatedd with MEN-1, did not reveal a specific genetic disorder20, although lung 
carcinoidss are more prone to have deletions on chromosome llq . In sporadic midgut 
carcinoidss a high frequency in deletions of chromosome 18 is described.21 These findings 
mightt indicate different pathways in development for carcinoids from foregut and 
midgut.22;23 3 

Histologyy and classification: 

Inn the last decades several classification systems for endocrine tumours have been applied. 
Inn 1980 the WHO classification of endocrine tumours applied the term "carcinoid" to all 
tumourss of the diffuse neuroendocrine system, excluding islet cell tumours, medullary 
carcinomaa of the thyroid, paraganglioma, small cell lung cancer and Merkel cell tumours 
off  the skin. Subdivision in carcinoids was made on the basis of various silver and other 
stainingg techniques. In the following years this classification system was overtaken by the 
developmentt of more detailed immunohistochemical testing methods and a growing 
demandd for a classification focused on prognostic histological features. Probably the most 
usefull  classification to predict prognosis of neuroendocrine tumours originating from the 
gastro-intestinall  tract, is the revised classification of neuroendocrine tumours of the lung, 
pancreass and gut by Capella et al.24 In this classification tumours are graded as: benign, 
low-gradee malignant and high-grade malignant. The criteria used in this subdivision are 
histologicall  differentiation, tumour size, angioinvasion, and infiltrative growth. This is 
combinedd with the primary tumour site and production of hormones. 
Histologicall  features related to prognosis in pulmonary neuroendocrine tumours are 
describedd in a study of Travis et al.25 A combination of morphology, mitotic index and 
necrosiss proved to be useful in the prediction of prognosis. 

Ann attempt to improve the prognostic power of the classification system was made by Van 
Eedenn et al.26 who investigated whether a combination of both systems resulted in a fine-
tuningg of the prediction of prognosis of midgut tumours and unknown primaries. 
Subdivisionn of these low-grade tumours appeared to be of less value compared to this 
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GeneralGeneral introduction 

subdivisionn in neuroendocrine tumours of the lung. In this thesis the term "carcinoid" was 
usedd to indicate low-grade neuroendocrine tumours of the foregut, midgut and hindgut. 

Pathophysiologyy and serotonin metabolism 

Dependingg on their site of origin, carcinoid tumours can have the ability to secrete 
vasoactivee peptides. Serotonin production is the most prominent, especially in midgut 
tumours.. However, 5-hydroxytryptophan (5-HTP), bradykinins, tachykinins, histamine, 
substancee P, ACTH and several other peptides are also reported to be produced by 
carcinoids. . 

Underr normal conditions about 99% of dietary tryptophan is metabolised by the oxidative 
pathwayy into nicotinic acid, and less than 1% is converted into 5-HTP. In carcinoid 
tumourss a disequilibrium of tryptophan metabolism results in 5-hydroxylation of most of 
thee tryptophan with the production of large quantities of 5-HTP, serotonin (5-HT) and 5-
hydroxyindoleaceticc acid (5-HIAA).27-29 If there is a deficiency in aromatic amino acid 
decarboxylasee in carcinoid tumour cells, conversion of 5-HT in serotonin will not occur 
andd the tumours excrete 5-HT instead of serotonin.30 Due to this shift a reduction in 
nicotinicc acid pools can cause pellagra in carcinoid patients.31" Urinary 5-HIAA, the 
breakdownn product of serotonin, is still an important marker for carcinoid tumours. 

5-Hydroxytryptophan n 
(5-HTP) ) 

00 acid decarboxylase 

Serotoninn (5-HT) 

Monoaminee oxidase * aldelmk- dcli>Jroycii;ise 

5-Hydroxyindoleaceticc acid (5-HIAA) 
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Clinicall  presentation and complications 

Carcinoidd tumours have a relatively slow growing pattern and even in the presence of 
metastaticc disease patients can survive for several years. Unless secretory products are 
directlyy secreted in the systemic circulation, systemic signs and symptoms are usually not 
present.. Paracrine secretion of hormonal products in the intestine can cause diarrhoea. If 
theree is a release of vasoactive peptides in the systemic circulation (in case of liver 
metastasess or e.g. bronchus carcinoid tumours) patients often present with the 
characteristicc symptoms of the carcinoid syndrome, such as diarrhoea, flushing and less 
frequentlyy wheezing. Overproduction of serotonin seems to cause the complaints of 
diarrhoea.. 4'35 The correlation between serotonin production and symptoms of flushes is 
nott convincing and probably other hormones like tachykinins are of importance in the 
pathogenesiss of this symptom.36"40 The cause of wheezing is less clear. It has been 
supposedd that the release of histamine and serotonin can play a role in this symptom, but 
clearr evidence is not found in literature. 

Carcinoidd heart disease (CHD) is a late complication and occurs in 20-70% of the patients 
withh metastatic carcinoid tumours.41"44 In many patients the cause of death is attributed 
directlyy to the cardiac disease.45 The pathogenesis of carcinoid heart lesions has not yet 
beenn fully elucidated, but serotonin plays an important role. This is supported by the 
findingg of similar valve lesions in patients using appetite-suppressants, such as 
fenfluraminee or dexfenfluramine, and anti-migraine drugs, such as ergotamin and 
methysergide,, agents which all act via the serotonin pathway.46"48 

Inn several studies urinary 5-HIAA excretion, being indicative for the amount of serotonin 
production,, was significantly higher in patients with carcinoid heart disease compared 
withh those without. "4 '4 '5 Not only a high serotonin level, but also the duration of 
exposuree to serotonin is important in the development of CHD.50 

Carcinoidd crisis with severe flushes and diarrhoea leading to dehydration, hypotension and 
arrhythmias,, along with unconsciousness is a potential life-threatening complication. It 
mightt be provoked by anaesthetic of invasive procedures and is probably caused by an 
excessivee release of vasoactive peptides into the circulation. Therefore, it is important that 
prophylacticc measures (such as continuous intravenous octreotide infusion and extra 
hydrationn started simultaneously with the intervention) are taken during these procedures 
too prevent a carcinoid crisis. 

Inn a substantial number of patients the primary tumour remains unknown despite extensive 
diagnosticc investigations. However, primary tumours in the small bowel can cause 
complicationss such as bowel obstruction or fibrosis with shrinkage of the mesentery 
duringg follow-up. Due to mesenterial fibrosis patients can suffer from disabling abdominal 
painn with malnutrition and kinking of the bowel. Additionally, fibrosis can lead to 
intestinall  ischaemia with finally necrosis and perforation of the bowel wall.51"54 
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GeneralGeneral introduction 

Metastasess to the skin seem to be a late manifestation of advanced disease, but data in the 
literaturee are scant and limited to single case reports only.55"58 These metastases may 
presentt as painless subcutaneous nodules55, but sometimes they are extremely painful.58'59 

Thee pathogenesis of the severe pain encountered in these often tiny metastatic deposits 
remainss difficult, as neural involvement is not a consistent finding. Pain can be difficult to 
managee with analgesics, but local excision demonstrated to provide satisfactory long-term 
palliation.59 9 

Thee incidence of skeletal metastases in neuroendocrine tumours has been reported to be 
approximatelyy 10%.60"62 Although bone metastases arise more often from bronchial or 
hindgutt primaries compared to midgut carcinoid tumours63;64, recent studies show no 
preferentiall  primary site.61;62 The axial skeleton is the most commonly affected site.6l;65;66 

Bonee scintigraphy is the most sensitive nuclear imaging technique to detect bone 
metastasess in carcinoid disease compared to n,In-pentetreotide and ' 'i-meta-
iodobenzylguanidinee (MIBG) scintigraphy.61'62 Pain is the main symptom of bone 
metastasess and radiotherapy provides satisfactory long-term palliation in majority of 
patients. . 

Diagnosis s 

Pathology: Pathology: 
Inn most patients the diagnosis is based on tissue examination, mostly a biopsy from a liver 
metastasis.. However, in some patients attempts to collect histologic material can fail and 
inn these cases diagnosis can be based on symptoms combined with radiologic and 
scintigraphicc findings. The biopsy material should be examined by a pathologist familiar 
withh the diagnosis carcinoid to prevent confusion with an adenocarcinoma with 
neuroendocrinee markers. Depending on the presence of necrosis and/or mitosis, tumours 
cann be graded as: low-grade malignant and high-grade malignant, which is useful in the 
predictionprediction of prognosis. 

TumourTumour markers: 
Urinaryy 5-HIAA, the breakdown product of serotonin, has been the golden standard for 
diagnosiss and follow-up of carcinoid patients for many years. The specificity of this 
determinationn is almost 100%, but the sensitivity is reported to be much lower (35%).67 

Urinaryy 5-HIAA levels can be influenced by food (e.g. bananas, avocados, pineapple and 
walnuts)) and medication.68;69 

Platelett serotonin level is a more sensitive marker for the detection of small amounts of 
serotonin.. However, in cases with a high rate of serotonin excretion, serotonin in platelets 
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reachh a maximum and can no longer be used for a quantitative determination and hence 
evaluationn during follow-up.7071 

Chromograninn A (CgA) is an acidic, hydrophilic protein of 49 kDa present in the 
chromaffinn granules of neuroendocrine cells. In contrast to urinary 5-HIAA levels and 
platelett serotonin it can be used in the detection of functioning as well as non-functioning 
tumours.. Although specificity is lower compared to urinary 5-HIAA levels (86 and 100% 
respectively),, the sensitivity is much higher (35 and 68% respectively).67 and reported to 
bee the highest in foregut and functioning tumours.72 Levels of CgA are correlated to 
tumourr burden72'73 and a direct comparison between serum CgA and urinary 5-HIAA 
levelss showed a higher accuracy of CgA for the detection of a relapse in carcinoid 
patients.. A significantly worse survival is described in patients with very high levels of 
CgAA (> 5000 ug/L).75 Data concerning the value of CgA in the follow-up of carcinoid 
patientss to monitor treatment effects is scarce and limited to small series.727677 

NuclearNuclear scintigraphy: 
1' '' In-pentetreotide scintigraphy (Octreoscan®): 
Somatostatinn receptors (SSR) are located on the cell membrane of carcinoid tumours 
(especiallyy subtype 2 and 5). Octreotide analogues have a high affinity for the SSR 2 and 
55 and a much lower binding to the SSR 1, 3 and 4.78 niIn-pentetreotide (a radioactive 
labelledd octreotide analogue) shares the receptor-binding profile of octreotide, which 
makess it a good radiopharmaceutical for the imaging of carcinoid tumours.79 The 
sensitivityy of this scintigraphy has been reported to be 80-90%.80;8i Apart from 
informationn about the localisation of the tumour, a positive octreoscan also predicts 
responsee to octreotide therapy.82 

131I-meta-iodobenzylguanidinee (MIBG) scintigraphy (MIBG-scan): 
I-MIB GG is an analogue of a biogenic amine precursor and is taken up by chromaffin 

cellss and stored in the neurosecretory granules. Using 131 I-MIBG for the detection and 
imagingg of neuroendocrine tumours was reported in the 80's83 followed by papers about 
therapeuticc applications of '31 I-MIBG.84"86 The sensitivity of the MIBG-scan is reported to 
bee a littl e lower compared to the octreoscan (70 vs. 85%).81 However, a direct comparison 
betweenn these two modalities showed comparable results with a sensitivity of about 
84%.80,877 A combination of these scans increases the sensitivity to 95%.80 

Bonee scintigraphy: 

Althoughh niIn-pentetreotide scintigraphy and the 131 I-MIBG scintigraphy are positive in 
70-80%% in carcinoid tumours, in the detection of bone metastases these scans are only 
positivee in 50% and 20% respectively.61 Bone scintigraphy has a high sensitivity for the 
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GeneralGeneral introduction 

detectionn of these metastases of 90-100% and can be used in patients with the suspicion of 

bonee metastases.61;62 

Positronn emission tomography (PET): 
PETT scanning using [18F]fluoro-deoxy-glucose (FDG) is widely used as a powerful 
imagingg technique in clinical oncology. Unfortunately, increased FDG uptake in carcinoid 
tumourss is limited due to the low proliferative activity and high differentiation. Therefore, 
severall  tracers directed towards the specific characteristics of carcinoid tumours like 6-
[18F]fluorodopaminee (18F dopa) and 5-hydroxy-L-tryptophan (5-HTP) were developed 
forr PET imaging in these tumours.88* 9 Although the availability of PET scanning for the 
clinicall  diagnosis of carcinoid tumours is still limited, promising results have been 
describedd in diagnosing small lesions and lymph node metastases with a sensitivity of up 
too 65% for the 18F dopa PET.90 

Apartt from the role in staging of carcinoid tumours, uptake of 5-HTP as a tracer in PET 
scanningg is also of value in follow-up and therapy monitoring.91 

Radiography: Radiography: 
Computerisedd tomography scan (CT-scan) can be used for visualizing liver metastases, 
extraa hepatic tumour localisation in the abdomen (lymph nodes, mesenterial tumour 
deposition)) and localisation in mediastinum and lungs. In addition to follow-up, the 
findingss on CT-scan can also be applied for decision making of local treatment options 
likee resection of metastases in the liver and mesenterium or radiofrequency ablation of 

liverr metastases. 
Primaryy tumours in the small bowel can be demonstrated with barium follow-through 
althoughh small primaries are easily missed by this technique. 

VideoVideo capsule endoscopy: 
Videoo capsule endoscopy is a new promising technique for the visualization of the mucosa 
off  the small bowel.92 The first reports on application in patients with small bowel bleeding 
aree promising and results are better compared to push endoscopy.93;94 In the diagnosis of 
Crohn'ss disease this technique seems to be superior to barium follow-through and CT-
scan.955966 Experience with the application of the video capsule in carcinoid patients is 
limited,, but the detection of primary carcinoid tumours in the small bowel and early 
resectionn is a potential indication for this technique. 

CardiacCardiac evaluation: 
Detectionn of carcinoid heart disease in an early stage is important to adjust therapy and 
hencee improve prognosis. Echocardiography in the follow-up and monitoring of carcinoid 
patientss is the cornerstone for the detection of valvular lesions. However, performing an 
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echocardiographyy is laborious, expensive and not always readily available as referral to a 
cardiologistt is necessary. A new development is the detection of cardiac damage by using 
natriureticc peptide (e.g. brain natriuretic peptide, BNP) levels in blood. A regular 
screeningg of BNP levels might direct the use of cardiac ultrasound and guide treatment 
strategies.97 7 

Treatment t 

SupportiveSupportive care: 

Ass quality of life is severely impaired in patients suffering from the carcinoid syndrome 
withh flushes and diarrhoea, supportive care in these patients is essential. 
Flushess can be reduced by avoiding stress and foods known to provoke symptoms (e.g. 
alcoholicc beverages, spicy meals). Diarrhoea can be treated with simple anti-diarrhoeal 
medications,, such as loperamide and codeine. Severe diarrhoea can lead to vitamin 
deficienciess and due to the extensive production of serotonin, a depletion in nicotinic acid 
cann occur which can cause pellagra. Suppletion of vitamins and nicotinic acid is 
recommended. . 

OctreotideOctreotide analogues: 

Somatostatinn interferes with the release of hormones and neurotransmitters through 
activationn of membrane receptors. It's short half-life (2-4 minutes) limits the clinical 
application.. Octreotide, a somatostatin analogue, has a half life of 90-120 minutes and can 
bee administered subcutaneously every 6-8 hours. Octreotide can induce symptomatic 
improvementt in up to 80% of patients, although a good clinical response is not always 
reflectedd by a reduction of 5-HIAA excretion in urine, as biochemical response is present 
inn 70%.98"100 A positive '''In-pentetreotide scintigraphy may be predictive for a clinical 
responsee to treatment with somatostatin analogues.82 A major disadvantage is the need for 
subcutaneouss injections twice (or sometimes thrice) daily. This drawback may be 
overcomee by slow-release preparations (one intramuscular injection per 2-4 weeks).10t;102 

Inn addition to improvement of symptoms, somatostatin analogues have also been reported 
too inhibit tumour growth.I00;103;104 However, reduction in tumour volume is only 
occasionallyy observed. 

Interferon-a: Interferon-a: 

Interferonn (IFN) has been introduced in 1982 as a treatment modality for carcinoid 
tumours.. Although IFN is now widely used in the treatment of carcinoid tumours, the 
exactt mechanism of actions is not yet understood. Possible mechanisms are inhibition of 
celll  proliferation, immune cell mediated cytotoxicity, inhibition of angiogenesis and 
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reductionn in tumour growth by blocking the cell cycle.106 The biochemical and subjective 
responsess are reported in respectively 40 and 70% of the patients.107;l08 A reduction in 
tumourr size is reported in a small minority of patients (about 10-20%) and administration 
off  higher dosages of IFN does not increase this response number.108 Development of 
antibodiess during treatment with IFN is described in about 5-20% of the patients and 
seemss to be higher with the use of interferon-a 2A (Roferon®) compared to interferon-a 
2BB (Intron-A®).109 The role of these antibodies is controversial. Studies in patients with 
hepatitiss B or C did not reveal a relationship between antibody development and 
therapeuticc response.u0;111 However, in a study among 327 carcinoid patients high titres 
off  antibodies were associated with a failure of response to treatment, but this phenomenon 
occurredd late in the disease after a median of 25 months. 

AA synergism in antiproliferative effects of the combination of octreotide and IFN was 
reportedd earlier.112;113 However, in a recent published prospective study of Faiss et al. 
theree were no differences in response rates by comparing a combination of octreotide and 
IFNN with either therapy alone.77 

Meta-iodobenzylguanidineMeta-iodobenzylguanidine (MIBG): 
Usingg a tracer dose of  131I-MIB G for the detection and imaging of neuroendocrine 
tumourss was reported in the 80's83 followed by papers about therapeutic applications of a 
higherr dose 131I-MIBG.84"86 MIBG is a biogenic amine precursor which resembles 
noradrenalin.. Due to its high affinity for the noradrenalin transporter protein, it is taken up 
byy chromaffin cells and stored in neurosecretory granules.81 Although about 70% of 
carcinoidd tumours are MIBG-avid, tumour uptake is not always sufficient for therapy. 
Variouss applications of MIBG can be used in the treatment of carcinoid patients. Apart 
fromm its help in tumour imaging, successful treatment of carcinoid tumours with I-
MIBGG was described in a small series of patients in 1987.84;85 131I-MIB G was applied in a 
muchh higher dose (200 mCI=7.4 GBq) to provide a selective local effect by internal 
radiationn in the tumour cells in patients with a positive l31I-MIB G scan. Significant 
symptomaticc responses were reported in 60% of the patients with a duration of 8 months 
inn a prospective study of Taal et al.115 The main disadvantage of this treatment is the need 
forr isolation as legally required. Application of unlabelled MIBG was reported in 1996; in 
carcinoidd patients it resulted in symptomatic responses in 60% of the patients with a short 
mediann duration of 4-5 months.115 The cytotoxic effect of unlabelled MIBG is related to 
inhibitionn of mitochondrial respiration and is dependent on anaerobic glycolysis, resulting 
inn enhanced glucose consumption, increased lactic acid production, inhibition of oxygen 
consumptionn and decreased adenosine triphosphate levels. 

Finally,, the radioactive ("hot") MIBG after predosing with the unlabelled ("cold") MIBG 
resultedd in improved biodistribution with more intense MIBG uptake in the tumour. In 
addition,, more patients were eligible for the radioactive treatment after predosing. 
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RadioactiveRadioactive labelled somatostatin analogues: 

Thee somatostatin analogue octreotide has been used since the nineties for imaging and 
treatmentt of carcinoid tumours. Recently several radioactive labelled somatostatin 
analoguess have been developed for application in neuroendocrine tumours with a positive 

In-pentetreotidee scintigraphy, '"in-pentetreotide has a limited radiation range and is 
suitablee for treatment of small tumours or micrometastases. However, clear tumour 
reductionn is only reported in a minority of patients while symptomatic improvement is 
observedd more frequently.119"121 Side-effects are mild and restricted to minor 
haematologicall  toxicity and renal function impairment.122 Higher tumour radiation can be 
achievedd by application of  90Y and 177Lu which are p-particles with a wider range of 
radiationn and possibly a higher tumour uptake in neuroendocrine tumour lesions.123 First 
reportss of these modalities show a tumour reduction in about 15-30% of the patients with 
clinicall  benefit up to 60%.124"128 Observed toxicities are nausea and vomiting, 
haematologicall  toxicity and some renal function impairment. However, there are some 
paperss reporting development of end-stage renal failure or myelodysplastic 
syndrome/leukaemiaa after application of radioactive labelled somatostatin analogues.129;130 

SystemicSystemic chemotherapy: 

Thee indication for chemotherapy in neuroendocrine tumours is limited and it is reserved 
forr the high-grade malignancies, which represent only a small minority in this tumour 
group.. Single-agent chemotherapy is not very useful in the treatment of carcinoid tumours 
duee to the very low response rates of about 5-10%.131 Although schedules with a 
combinationn of chemotherapy have a slight better response rate (15-30%), these results are 
stilll  disappointing.132"135 A direct comparison between IFN and chemotherapy did not 
resultt in a better response with the application of chemotherapy.136;137 Therefore, 
chemotherapyy is not considered to be the first line of treatment in carcinoid tumours. 

HepaticHepatic artery (chemo) embolisation (HA(C)E): 

Locall  treatment of hepatic metastases of carcinoid is attractive because of the slow and 
localisedd growth pattern. Liver metastases are usually diffuse at the time of diagnosis, and 
surgicall  resection is rarely feasible. Hepatic artery embolisation (HAE) is a local treatment 
modalityy of the liver, which not only may ameliorate symptoms but also might reduce 
tumourr burden. An objective or biochemical response up to 50% and a median duration of 
effectt of 12 months have been reported in cases of failing systemic therapy.138;139 Reports 
onn chemoembolisation show a slightly better biochemical and tumour response.140;141 

Side-effectss are pain in the liver region, renal toxicity and elevation of liver enzymes with 
feverr (post-embolisation syndrome). 
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RadiofrequencyRadiofrequency ablation (RFA): 
Radiofrequencyy ablation (RFA) is a fairly new technique which can be used in case of 
noduless up to 4 cm diameter in the treatment of unresectable primary and secondary 
hepaticc tumours.142'144 The complication rate is 5-10% and the mortality rate is low with a 
reductionn in complications with increasing experience with this technique.145;146 

Applicationn of RFA in metastases of neuroendocrine tumours has been reported in small 
series.. Local tumour control is reported in almost all patients and a symptomatic and 
biochemicall  response in about 60-80% of the patients. However, local recurrence and 
developmentt of new metastases is frequently reported.147"150 

Conclusions: : 

Prognosiss of metastatic carcinoid tumours has improved during the last decade. Due to a 
longerr survival, complications such as carcinoid heart disease and new metastatic patterns 
likee skin and bone metastases may become a more important feature in carcinoid disease. 
Follow-upp should be focused on monitoring tumour size and extension of metastases by 
CT-scann and nuclear scanning. Special attention should be given on unexpected metastatic 
patternss like bone metastases. As survival is poor in patients with carcinoid heart disease 
treatmentt should be focused on reducing elevated levels of hormonal excretion even if 
theree are no symptoms of the carcinoid syndrome. During follow-up hormonal activity has 
too be monitored on a regular basis. Routine examinations every 6-12 months to detect 
carcinoidd related heart disease in an early stage is important to adjust therapy and hence 
improvee prognosis. Combining new diagnostic and treatment modalities in metastatic 
carcinoidd patients may result in a better quality of life and a longer survival. The 
increasingg number of therapeutic options and diagnostic procedures requires a 
multidisciplinaryy approach with a team consisting of an oncologist, surgeon, pathologist, 
gastroenterologist,, cardiologist, radiologist and nuclear medicine. Decisions should be 
madee in multidisciplinary meetings focused on "tailor-made" therapy based on patients' 
specificc conditions. 
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Abstract t 

Background::  Bone metastases are assumed to be rare in carcinoid disease and to be 
associatedd mainly with bronchial primaries. The aim of the present study was to evaluate 
thee occurrence of bone metastases in patients with metastatic carcinoid tumours, and the 
rolee of various nuclear medicine modalities (bone scintigraphy, niIn-pentetreotide and 

I-MIBG)) in its detection and clinical management. 

Methods::  Nine (2 women, 7 men, median age 65 years) out of 86 consecutive carcinoid 
patientss treated between 1987 and 1998 developed bone metastases (10%) with a median 
intervall  of 37 months between the diagnosis of metastatic carcinoid and bone metastases. 
Sevenn of them had non-bronchial primaries. 

Results::  1]1In-pentetreotide scintigraphy failed to detect the bone lesions in 50% of the 
cases,, and 131I-meta-iodobenzylguanidine (MIBG) scintigraphy in almost 80% of cases. 
Standardd bone scintigraphy, however, was positive in all. Pain relief of bone metastases by 
meanss of radiation therapy was obtained in 5 of 6 patients. In another patient palliation of 
painn symptoms was obtained with Rhenium-186-hydroxyethylidene diphosphonate. 
Octreotide,, interferon or MIBG were ineffective for this purpose. 

Conclusion:: Bone metastases in carcinoid patients may be missed on 131 I-MIBG and 
In-pentetreotidee scintigraphy. Bone scintigraphy is a sensitive imaging technique. 

Diagnosticc nuclear medicine modalities may be helpful in the clinical management of 
carcinoidd disease. 
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Introductio n n 

Carcinoidd tumours are often indolent, slowly growing tumours. They predominantly 
originatee in the gastrointestinal tract and bronchi.1"4 Carcinoid patients often present with 
metastaticc disease in the liver, while the primary tumour does not cause symptoms. 
Carcinoidd tumours derived from the midgut are well-known for their peptide hormone 
production,, mainly serotonin. In the presence of liver metastases, this is leading to the 
characteristicc symptoms of diarrhoea and flushing, i.e. the carcinoid syndrome. Other 
metastaticc sites such as lung and skeleton, which are prominent in adenocarcinomas, are 
unusual.. Information on skeletal metastases is scarce. They are most frequently associated 
withh localisation of the primary tumour in the bronchial tree.5"7 We evaluated the 
occurrence,, detection and clinical management of bone metastases in patients with 
metastaticc carcinoid using tumour seeking radionuclide studies (n,In-pentetreotide and 
13II-MIBG)) as well as bone scintigraphy with 99mTc-diphosphonate. 

Patientss and methods 

Amongg 86 consecutive patients with carcinoid tumours and liver metastases treated in The 
Netherlandss Cancer Institute/Antoni van Leeuwenhoek Hospital between 1987 and 1998, 
bonee metastases occurred in nine patients (10%). Bone metastases were identified by pain 
suggestingg a clinical diagnosis of skeletal involvement or detected by coincidence during 
follow-up.. Clinical data as well as diagnostic procedures were reviewed in these nine 
patients. . 

Radionuclidee imaging was performed using a dual head gamma camera (ADAC) and a 
Pegasyss system. Studies with ,3II-MIB G and inIn-pentetreotide were performed following 
aa previously described protocol.8 For 131I-MIB G 10-min images (256 x 256 x 16 matrix) 
weree made at 24, 48 and 72 hours after intravenous injection of 37 MBq of the 
radiopharmaceutical.. A potassium-iodide solution was administered orally for 5 days to 
preventt 131I concentration in the thyroid. For niIn-pentetreotide whole body acquisition 
(5122 x 1024 matrix) during 50 min was performed at 24 hours after injection of 130 MBq 
off  the tracer. Bone scintigraphy was performed 2 to 3 hours after injection of 500-700 
MBqq 99mTc-MDP using whole body acquisition (9 cm/min). 
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Results s 

Inn nine patients (2 women and 7 men) with a median age of 65 years (range 50-81) bone 
metastasess appeared based on localised pain in six and found by coincidence in three 
(Tablee 1). The median interval between the initial diagnosis of metastatic carcinoid and 
thee detection of bone metastases was 37 months (range 0-95). The primary tumour was 
locatedd in the foregut in two patients, in the midgut in two and in the hindgut in one 
patient.. In 4 out of 9 patients the primary tumour remained unknown. Seven patients 
expressedd the carcinoid syndrome with flushes and/or diarrhoea accompanied by an 
elevatedd urinary 5-hydroxyindoleacetic acid (5-HIAA) excretion. In two patients without 
symptomss of carcinoid syndrome the urinary 5-HIAA excretion was not increased; the 
diagnosiss was based on histology. In all nine patients liver metastases were diagnosed and 
inn six of them metastases at other sites were also present. 

X-rayss of the skeleton revealed lesions in only three out of 8 patients, which were 
scleroticc in nature. In an additional patient the X-ray showed an irregular and difficult to 
interprett aspect of the thoracic and lumbar spine (Table 2). In eight patients a CT-scan of 
thee abdomen was performed to evaluate liver metastases; in one case ultrasound was 
appliedd for this purpose. Although CT-scan gives only information on the pelvic area and 
nott the complete skeleton, sclerotic lesions were seen in three patients. In one patient the 
lesionss on the CT-scan were the first symptom of skeletal involvement. MRI was 
performedd indicated by localised pain symptoms and revealed in an additional two 
patients,, with negative findings on CT-scanning, sclerotic bone metastases. 
Bonee scintigraphy using 99mTc-MDP showed multiple metastases in all patients. The axial 
skeletonn and the pelvis were affected in all and the extremities were involved in more than 
halff  of the patients. Most of the patients with clearly positive findings on bone 
scintigraphyy did not have skeletal abnormalities on other radionuclide imaging studies 
(Figuree 1). 
131I-meta-iodobenzylguanidinee (MIBG) scintigraphy showed retention in the liver 
metastasess of all patients. However, uptake in bone metastases was only seen in two out of 
ninee patients (Table 2). 
niIn-pentetreotidee scintigraphy was available in eight cases, and showed the liver 
metastasess in all eight patients. One patient (nr.8) was admitted in 1987, when i nIn-
pentetreotidee scintigraphy was not yet performed on a regular basis. Bone metastases were 
detectedd with this technique in four out of 8 patients. In patient 2, the bone scintigraphy 
showedd accumulations, which in retrospect were vaguely shown on the mIn-pentetreotide 
scintigramm (Figure 2). 

Inn two patients the bone metastases could only be recognized because the localisation was 
provenn before by bone scintigraphy (Figure 3). 
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BoneBone metastases in carcinoid tumours 

Figuree 1. Bone scintigraphy (A) of patient 1 with carcinoid syndrome revealing multiple "hot 
spots""  in the vertebral axis, the right and left humerus, the left femur and the right toe. n lIn-
pentetreotidee scintigraphy (B) as well as the '31I-MIB G images (C) show metastases in 
liver,, but no retention in the affected skeletal areas 

Medicall  treatment for the metastatic carcinoid tumour was given in all patients to achieve 
symptomaticc improvement. MIBG, either non-radioactive or radioactive, was given in 
eightt patients. Seven patients were treated with octreotide or long-acting octreotide and 
fivefive patients received interferon injections. A combination of more than one treatment 
modalityy was given in eight patients. Although symptomatic improvement of symptoms of 
thee carcinoid syndrome was achieved in most of the patients, no pain relief of the bone 
metastasess was obtained. In six patients irradiation of the painful skeletal metastases was 
performedd with a short schedule of one to five sessions. All but one experienced 
improvementt of pain in a few weeks. In two patients a second course of radiotherapy was 
givenn because of new painful localisations with the same fair palliation of pain. A second 
coursee of radiotherapy at the same lesions was not needed in any patient. In one of the 
patientss Rhenium-186- hydroxyethylidene diphosphonate (HEDP) led to some palliation 
off  the pain symptoms (Figure 4). 

Afterr the diagnosis of bone metastases the median survival was 15 months (range 11-19) 
forr the five patients who died. In the four patients still alive the median follow-up after the 
bonee metastases were diagnosed was 27 months (range 15-38). 
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Figuree 2. Bone scintigraphy (A) showing accumulations in ribs, vertebral axis, humeri 
andd pelvis. I31I-MIB G (B) shows only intense accumulation in liver metastases, "' in-
pentetreotidee (C) shows intense uptake in liver metastases and faint activity in some 
affectedd skeletal areas of the thorax 

Figuree 3. Bone scintigraphy (A) shows increased uptake in vertebral metastases and one 
off  the left distal ribs. n l In-pentetreotide (B) show also uptake in bone metastases as well 
ass in liver and right side of the neck. 131 I-MIBG (C) show only uptake in non-skeletal 
metastases s 

AA B C 



BoneBone metastases in carcinoid tumours 

Figuree 4. Posterior image of bone scintigraphy (A) showing increased accumulation of 
99mTc-MDPP in bone metastases in vertebral spine, pelvis, ribs. A similar pattern of 
distributionn is seen on Rhenium-186 HEDP image (B) which enables palliation of pain 
symptoms.. By contrast, '3II - MIBG scintigraphy (C) shows extensive liver and lung 
metastasess but only some of the affected skeletal areas 

Discussion n 

Thee diagnosis of bone metastases of carcinoid tumours may be difficult as is illustrated by 
thee evaluation reported here. Bone metastases are reported to arise more often from 
bronchiall  or hindgut primaries compared with patients with midgut carcinoid tumours. ' 
Inn our patients there was no preferential primary site and in four out of 9 patients the 
primaryy tumour remained unknown. Recently the incidence of skeletal metastases in 
neuroendocrinee tumours has been reported to be 13%.9 In our series this figure is 10% 
(ninee out of 86), but probably underestimated as bone scintigraphy was mainly performed 
inn case of symptoms. 
Thee radiographic signs of bone metastases are often subtle and easily missed. They may 
appearr as osteoblastic or osteolytic lesions similarly to metastatic deposits in other 
malignanciess as prostate or breast cancer.5;10"13 They can even mimic a benign condition 

43 3 



ChapterChapter 1 

ass osteomyelitis.14 In our patients the X-ray of the symptomatic sites showed sclerotic 
lesionss in three patients. Literature data on the diagnostic impact of CT and MRI-scan is 
lacking.. In the present series of nine cases the CT-scan performed to measure the liver 
metastases,, accidentally detected sclerotic lesions in only two patients. The additional 
MRI-scann performed in two patients indicated by pain, detected lesions in both without 
positivee findings on CT-scan. 

Inn metastatic carcinoma bone scintigraphy is known to be a sensitive imaging technique to 
detectt skeletal involvement before X-ray abnormalities appear. In metastatic carcinoid 
tumours,, however, data are limited. In a French study9 in 19 patients with CT or MRI 
provenn bone metastases from endocrine gastroenteropancreatic tumours (GEP) bone 
scintigraphyy was positive in 17 (89%). In our study all patients showed clear abnormalities 
onn mTc-MDP bone scintigraphy. The axial skeleton is the most commonly affected site, 
ass is described in the literature.14'15 In all our patients, there were lesions in the axial 
skeletonn on bone scintigraphy. In addition, the pelvis was positive in all nine patients too, 
aa localisation that has not been described as a preferential site of skeletal lesions of 
carcinoidd tumours. 

Thee specific tumour seeking image technique of  l3lI-MIB G scintigraphy has shown a 
sensitivityy of 60-75%.16;17 Whether 131I-MIB G easily detects bone metastases is not 
clearlyy known from the literature as data are limited. A German study reported the 
diagnosticc value of  131I-MIB G scintigraphy in a small group of 9 carcinoid patients as a 
stagingg procedure compared with abdominal CT-scanning.18 Only one patient was found 
withh bone metastases at CT-scan and did not show clear 131I-MIB G retention. In our series 
thee 13,I-MIB G scintigraphy demonstrated the bone metastases in only two of the nine 
patients,, despite the liver metastases did show clear retention. A possible explanation for 
thee absence of I-MIBG retention in skeletal lesions may be a variation in differentiation 
off  tumour cells at different sites or a different local blood supply to the bone cortex. This 
iss also in line with the observations in 131I-MIB G therapy of neuroblastoma, 
pheochromocytomaa and paraganglioma, that non-skeletal metastases respond better to l31I -
MIBGG therapy than bone metastases despite adequate scintigraphic detection of these 
lesions.19 9 

Thee somatostatin receptor imaging by ' '' In-pentetreotide scintigraphy is reported to have 
aa sensitivity of 80-92% in various endocrine tumours.20 A high sensitivity for bone 
metastasess have been reported in a series of 19 patients, which were all positive.9 In 
contrast,, in our series this modality picked up the skeletal metastases in only half of the 
patients.. Whether this might be explained by a difference in technique is unlikely. The 
patientt population, however, is different. Lebtahi et al. scanned mainly at presentation, 
whilee our patients were detected during follow-up; maybe there is a dedifferentiation in a 
laterr stage of the disease. A comparative study21 among 21 carcinoid patients, including 
twoo cases with bone metastases, described the superiority of scintigraphy with i nIn-
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pentetreotidee over l31MIBG. In our present series both modalities, and specially MIBG, 
resultedd less sensitive than bone scintigraphy to detect bone metastases. With respect to 
1' '' In-scintigraphy this is in agreement with the findings of Banzo et al.22 

Inn metastatic carcinoid, scintigraphy is important to manage therapy. In case of a positive 
1' '' In-pentetreotide scintigraphy octreotide is useful in the prevention of hormone release 
leadingg to improvement of symptoms as diarrhoea and flushes in 60-68%.23"25 A possible 
antiproliferativee effect to induce tumour reduction, as needed for the treatment of bone 
metastases,, has so far only occasionally been seen. If  131I-MIB G is positive, a therapeutic 
dosee has been used for local irradiation based on selective concentration and prolonged 
retentionn of  131I-MIB G in the tumour cells. This resulted in fair palliation in 65% at the 
costt of minimal side effects.26 In our nine patients no palliative effect was observed for the 
painn of bone metastases by MIBG despite successful palliation of the carcinoid syndrome. 
Similarly,, a therapeutic dose of octreotide can be applied. The preliminary data are 
promising.277 As the niIn-pentetreotide scintigraphy was often negative this was not an 
optionn in the presented cases. 

Thee role of radiation therapy by external beam is thought to be limited in carcinoid 
disease,, probably because the liver is the main site of metastases and not amenable for 
radiation.. However, irradiation may be effective for several other metastatic sites such as 
skeletall  localisations of carcinoid tumours.5;28;29 Schupak describes worthwhile palliation 
inn a series of 44 patients with localised tumour in e.g. the lung, brain and the spinal cord, 
includingg 8 patients with bone metastases.30 In our present series a simple radiotherapy 
scheme,, performed in six patients, proved effective in five of them. A second course of 
radiotherapyy on the same site was not needed. In two patients new painful skeletal lesions 
developedd with an interval of 9 and 14 months, they responded well to irradiation. One 
patientt in our series was treated with Rhenium- 186-HEDP with moderate result. Although 
externall  beam radiotherapy can be used in patients with limited localisation of skeletal 
symptoms,, radioactive treatment with Rhenium-186-HEDP can be considered in patients 
withh multifocal bone symptoms or with pain symptoms persisting after radiotherapy with 
externall  beam. 

Inn conclusion, bone metastases may be underestimated and easily be missed by 
conventionall  radiography and even by scintigraphy using specific tumour seeking agents 
suchh as H'In-pentetreotide and 13II-MIBG. This in contrast with the detection of carcinoid 
metastasess using these tracers in other organs, such as the liver, in which the findings of 
bothh radionuclide studies may be thee key to treatment.8 

Bonee scintigraphy is a very sensitive and reliable nuclear imaging technique to detect 
bonee metastases in carcinoid disease and provides additional information to manage 
treatmentt for pain. 
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Abstract t 

Background::  Serotonin excretion is presumed to play a role in the development of 
carcinoidd heart disease (CHD), but the exact pathogenesis has not yet been elucidated. We 
thereforee evaluated 24-hours urinary 5-hydroxyindoleacetic acid (5-HIAA) excretion, 
plasmaa levels of transforming growth factor-p (TGF-f5), fibroblast growth factor (FGF) 
andd atrial natriuretic peptide (ANP) in patients with and without CHD determined by 
ultrasoundd examination. 

Methods::  In 37 patients urine and plasma samples were obtained and cardiac ultrasound 
wass performed during follow-up in 1999 and 2000. Median 5-HIAA excretion was 
calculatedd for the period between diagnosis and ultrasound examination. CHD was defined 
ass thickening of the tricuspid valve with additional III-IV/I V tricuspid valve regurgitation. 

Results::  CHD was found in 9/37 patients (24%). No significant differences were found 
forr age, gender, presence and duration of liver metastases. All CHD patients had 
symptomss of the carcinoid syndrome compared with 71% of the non-CHD patients 
(p=0.159).. Median 5-HIAA excretion was significantly higher in the CHD group 
comparedd with the non-CHD group: 576 u\mol/24h versus 233 (imol/24h (p=0.02). No 
differencee in TGF-p and FGF plasma levels was observed between both groups (p=0.139 
andd p=0.985, respectively), nor was there a correlation with morphology of the tricuspid 
valvee or degree of dilatation of the right atrium/ventricle. However, the CHD group had 
higherr median ANP levels than the non-CHD group: 48 and 25 ng/L respectively, 
p=0.026. . 

Conclusion::  High levels of 5-HIAA excretion and plasma ANP are associated with CHD. 
Noo significant relation with TGF-(3 or FGF has been found. 
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Introductio n n 

Carcinoidd tumours are neuroendocrine tumours (NET) that derive mostly from the midgut. 
Patientss often present with liver metastases, which lead to the characteristic carcinoid 
syndromee with diarrhoea and flushes caused by overproduction of serotonin. Carcinoid 
heartt disease (CHD) occurs in 20-70% of the patients with metastatic carcinoid 
tumours.1'44 In many patients, the cause of death is attributed directly to the cardiac 
disease.55 Serotonin plays a key role in the development of CHD, but to our knowledge the 
exactt pathogenesis has not yet been elucidated. In several studies, urinary 5-
hydroxyindoleaceticc acid (5-HIAA) excretion, which is indicative for the amount of 
serotoninn production, was significantly higher in patients with CHD than in patients 
withoutt the disease.2"4 Although the sensitivity of elevated serotonin levels for heart valve 
lesionss is almost 100%, the specificity is much lower.6 Therefore, it is likely that other 
factorss are associated with CHD. In experimental studies, the development of fibrosis is 
relatedd to transforming growth factor-p" (TGF-p).7;8 In addition, fibroblast growth factor 
(FGF)) has been reported to be related to pulmonary and renal fibrosis.9 For patients with 
carcinoidd disease with fibrosis of the heart valves, there currently are no reports regarding 
thee association between CHD and the presence of TGF-P and FGF. Atrial natriuretic 
peptidee (ANP) has been shown to be a diagnostic and prognostic marker in heart failure 
patientss of any origin.10;11 In carcinoid patients ANP may also be a marker for CHD12 as 
CHDD eventually leads to heart failure. 

Inn the current study, we compared the urinary 5-HIAA excretion and the blood levels of 
ANP,, TGF-P and FGF in patients with and without carcinoid heart disease to investigate 
thee relation between hormonal activity and markers of fibrosis. We compared these values 
inn patients with severe cardial abnormalities as an expression of late valvular damage with 
patientss with moderate valvular changes. We regarded this latter group as having earlier 
damage. damage. 

Patientss and methods 

CardiacCardiac ultrasound studies were performed for 37 consecutive carcinoid patients (19 
womenn and 18 men) who visited the outpatient department of The Netherlands Cancer 
Institute/Antonii  van Leeuwenhoek Hospital in 1999 and 2000 for follow-up. An NET 
diagnosiss was confirmed by histology for 34 patients. Fine needle aspiration biopsy led to 
thee diagnosis in 2 patients. One patient refused a biopsy and the diagnosis was based on 
stronglyy elevated 5-HIAA excretion. The mean age was 61 years (range 34-77 years). The 
mediann interval between the diagnosis of metastatic carcinoid disease and the cardiac 
investigationn plus laboratory testing was 28 months (range 2-121 months). 
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CardiacCardiac ultrasound imaging 

Two-dimensionall  echocardiography with continuous wave Doppler and colour flow 
Dopplerr studies were performed using standard techniques (Hewlett Packard Sonos 5500 
orr Sonos 2000 with 2.0/2.5 MHz probes). The echocardiographic parameters analysed 
were:: valve morphology (normal or thickened), valve mobility (normal, mildly, 
moderately,, severely diminished, fixed), valve regurgitation (none, I-IV/IV) , valvular 
stenosiss and atrial/ventricular dimensions. The criteria for CHD were: a thickened 
tricuspidd valve with additional III/I V or IV/IV tricuspid valve regurgitation. We also 
appliedd a modified scoring system introduced by Westberg et al.4 and expressed CHD as 
ann index. This index is calculated as a summation of structural tricuspid valve 
abnormalitiess (0: no abnormalities; 1: mild thickening; 2: moderate thickening; 3: severe 
thickening;; 4: severe thickening and retraction) and tricuspid valve regurgitation (0: no 
regurgitation;; 1: mild regurgitation; 2: moderate; 3: severe; 4: extreme). A high cut-off 
pointt (index >4) is indicative for morphological fibrosis of the valve as well as functional 
disturbancee comparable to the strict definition we used and was considered as severe (and 
mostt likely late) valvular damage. A lower cut-off point (index 2-4) is applied to detect 
minorr heart disease and is comprised of either a moderate morphological defect or a 
moderatee functional abnormality as an early expression of CHD. 

LaboratoryLaboratory techniques 

Urinaryy 5-HIAA excretion and blood levels of ANP, TGF-p*  and FGF were determined at 
thee same time as the cardiac investigation. Twenty-four-hour urine samples were collected 
routinelyy and evaluated qualitatively for 5-HIAA using a high-performance liquid 
chromatographyy assay (normal < 40 (imol/24h). Median urinary 5-HIAA excretion and 
areass under the curve (AUC) were calculated for the period between diagnosis and cardiac 
ultrasoundd examination. Serum levels of TGF-p and FGF were determined by 
immunoassayss provided by R&D systems (Minneapolis, USA; TGF-pJ normal < 3.2 |ig/L 
andd FGF normal < 6.9 ng/L). ANP was measured in plasma samples using an 
immunoradiometricc assay (IRMA) manufactured by CIS Bio International (Gif-sur-
Yvette,, France; normal value < 43 ng/L). 

Histology Histology 

Histologyy was classified as low-grade (<10 mitoses/2mm2 without necrosis) and high-
gradee NET (>10 mitoses/2mm2 and/or necrosis) according to the revised classification of 
Capellaa et al.13 
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Statistics Statistics 
Comparisonss between the CHD and the non-CHD group were made by the Mann-Whitney 
testt or the Kxuskal-Wallis test in case of a continuous variable. Dichotomous variables 
weree evaluated by the Fisher exact test. 

Results s 

Inn this study, 9 out of 37 patients (24%) met our criteria for CHD (i.e. they had tricuspid 
valvee lesions combined with regurgitation) (Table 1). 
Additionall  pulmonary valve pathology was detected in 5 of these CHD patients, but the 
inspectionn was difficult and insufficient in 23 patients. Seventeen patients had mild 
regurgitationn without tricuspid valve thickening and were included in the non-CHD group. 
Severee dilatation of the right atrium was present in seven of nine patients with CHD, and 
inn one patient without valvular lesions. Severe dilatation of the right ventricle was found 
lesss frequently (three patients) (Table 1). Valvular lesions of the left ventricle (aortic or 
mitrall  valve regurgitation grade III/I V or IV/IV ) were only present in two CHD patients, 
bothh with severe dilatation of the right atrium and ventricle. Liver metastases were 
manifestt in all but three patients. The three patients without liver metastases all had a 
normall  ultrasound of the heart. No significant differences between the CHD and non-CHD 
groupp were noted with respect to age, gender, and the presence and duration of liver 
metastasess (Table 2). 

Althoughh the median time between initial diagnosis and ultrasound examination as a 
measuree of carcinoid disease duration was longer in the CHD group (40 months) 
comparedd with the non-CHD group (22 months), this finding was not statistically 
significantt (p=0.178). All CHD patients were found to have the carcinoid syndrome 
(flushes,, diarrhoea, or wheezing) compared with 71% of the non-CHD patients (p=0.159). 
CHDD was not present in 4 patients (11%) with a foregut localisation. There were no 
significantt differences in the distribution of the primary between the CHD and the non-
CHDD group (Table 2). Histology was scored as low-grade in 28 and high-grade in 6 
patients.. None of the 6 patients with high-grade tumours met the criteria for CHD, in 
contrastcontrast to 8 of the 28 (29%) in the low-grade group. However, these differences failed to 
reachh statistical significance (p=0.297) (Table 2). A total of 33 of 37 patients were treated 
withh somatostatin analogues, 22 at the time of laboratory tests. Pharmacological doses of 
meta-iodobenzylguanidinee (MIBG) was administered to 20 patients, 2 of them during 
samplee collection. Ten patients received a combination with radioactive-labelled MIBG14, 
alll  but one at least 3 months before blood collection. Fourteen patients were treated with 
interferon,, 4 during the collecting time. There were no significant differences with regard 
too these treatment modalities between the CHD and non-CHD group. 
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Tablee 1. Echocardiography findings in carcinoid patients (n=37) according to the 
presencee of heart disease 

Tricuspi dd valve 
Thickened d 
Normal l 

Pulmonaryy valve 
Thickened d 
Normal l 
Nott visible* 

Tricuspi d d 
regurgitatio n n 
None e 
I/IV V 
II/I V V 
III/I V V 
IV/I V V 

Rightt  atriu m 
Normal l 
Mildl yy dilated 
Moderatelyy dilated 
Severelyy dilated 

Rightt  ventricle 
Normal l 
Mildl yy dilated 
Moderatelyy dilated 
Severelyy dilated 

Withoutt carcinoid heart 
disease e 

(n=28)) (%) 

1(4) ) 
277 (96) 

0(0) ) 
9(32) ) 
19(68) ) 

111 (39) 
9(32) ) 
8(29) ) 
0(0) ) 
0(0) ) 

23(81) ) 
3(11) ) 
1(4) ) 
1(4) ) 

26(93) ) 
2(7) ) 
0(0) ) 
0(0) ) 

Carcinoidd heart 
disease e 

(n=9)) (%)* 

9(100) ) 
0(0) ) 

5(56) ) 
0(0) ) 

4(44) ) 

0(0) ) 
0(0) ) 
0(0) ) 
2(22) ) 
7(78) ) 

0(0) ) 
1(11) ) 
1(11) ) 
7(78) ) 

1(11) ) 
2(23) ) 
3(33) ) 
3(33) ) 

**  Defined as: thickening of the tricuspid valve with additional III/I V or IV/I V tricuspid valve regurgitation 
## The pulmonary valve could not be visualized properly 

Mediann urinary 5-HIAA excretion between diagnosis and cardiac ultrasound examination 
wass significantly (p=0.02) higher in the CHD group (576 (imol/24h) compared with the 
non-CHDD group (233 umol/24h) (Figure 1). 
Thee calculated area under the curve (AUC) of the 5-HIAA excretion during the complete 
diseasee period underscored the difference between both groups (p<0.001). Serum TGF-p 
wass elevated (>3.2 ug/L) in all 37 patients and ranged from 3.4 to 24.0 ug/L. The median 
levell  in the CHD group was 13.2 ug/L compared with 15.6 u.g/L in the non-CHD group 
(p=0.139).. The level of FGF was elevated (>6.9 ng/L) in only 4 of 37 patients. Three of 
thesee four cases did not meet our criteria for CHD. No significant differences for the level 
off  FGF in the CHD group compared with the non-CHD group were found (median 3.6 vs. 
3.55 ng/L; p=0.985) (Table 3). 
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Tablee 2. Clinical characteristics in carcinoid patients according to the presence of heart 

disease e 

Agee at cardiac ultrasound (years) 
meann (range) 
Sex x 
Male e 
Female e 
Durationn of carcinoid disease at 
echocardiogram m 
(months) ) 
Mediann (range) 
Liverr  metastases 
Durationn of liver  metastases 
(months) ) 
Mediann (range) 
Symptomss of carcinoid syndrome 
Yes s 
No o 
Primar yy tumour 
Foregut t 
Midgut t 
Hindgut t 
Unknown n 
Pathology y 
Low-gradee NET* 
High-gradee NET 
Cytologicall  punction 
Noo histology 

Totall  group 

(n=37) ) 

611 (34-77) 

18(49%) ) 
19(51%) ) 

28(2-121) ) 
344 (92%) 

266 (2-96) 

299 (78%) 
88 (22%) 

4(11%) ) 
16(43%) ) 
11 (3%) 

16(43%) ) 

288 (76%) 
6(16%) ) 
22 (5%) 
11 (3%) 

Withoutt carcinoid heart 
disease e 
(n=28) ) 

611 (34-76) 

144 (50%) 
144 (50%) 

22(2-121) ) 
255 (74%) 

211 (2-96) 

20(71%) ) 
88 (29%) 

4(14%) ) 
133 (47%) 
00 (0%) 

111 (39%) 

20(71%) ) 
66 (22%) 
22 (7%) 
00 (0%) 

Carcinoidd heart disease* 

(n=9) ) 

600 (44-77) 

44 (45%) 
55 (55%) 

400 (9-85) 
9(100%) ) 

400 (9-85) 

9(100%) ) 
00 (0%) 

00 (0%) 
33 (33%) 
11 (10%) 
55 (57%) 

88 (89%) 
00 (0%) 
00 (0%) 
11 (11%) 

P-value e 

0.589 9 

1.000 0 

0.178 8 
0.562 2 

0.111 1 

0.159 9 

0.166 6 

0.297 7 

**  Defined as: thickening of the tricuspid valve with additional III/I V or IV/IV tricuspid valve regurgitation 
## NET= neuroendocrine tumour 

Betweenn low-grade and high-grade tumours no significant difference was found for the 
plasmaa levels of TGF-p and FGF (p=0.85 and p=0.76, respectively). The level of ANP 
wass significantly higher in the CHD group (48 ng/L) compared with the non-CHD group 
(255 ng/L; p=0.026) (Figure 2). 
Thee degree of right atrium dilatation was associated with high levels of ANP, although 
thiss was not statistically significant (p=0.15). 
Survivall  (Figure 3) was significantly (p=0.026) longer for the patients in the non-CHD 
groupp (median 23 months) compared with the CHD patients (13 months), who died within 
22 years. In the non-CHD group, 68% of the patients were long-term survivors. 
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Tablee 3. Urinary 5-HIAA excretion and markers of fibrosis in carcinoid heart disease 
usingg various definitions 

Criteriaa CHD Index score * Index score * 
Thickenedd TV Moderate (2-4) >4 

andd additional TV regurgitation Severe (>4) 
III/I VV or IV/I V NoCHD(<2) 

Ultrasoundd findings 
No.. of patients (%) 
CHDD 9(24%) 10(27%) 
ModerateModerate 8 (22%) 
SevereSevere 9 (24%) 
Noo CHD 28(76%) 20(54%) 27(73%) 
Mediann 5-HIA A 
(n<40umol/24h) ) 
Mediann (range) 
CHDD 576(87-1028) 576(87-1028) 
ModerateModerate 239(17-502) 
SevereSevere 576(87-1028) 
Noo CHD 233(17-1616) 233(21-1616) 233(17-1616) 
P-valuee (p=0.O2) (p=0.032) (p=0.031) 
TGF-p p 
(n<3.2ug/L) ) 
Mediann (range) 
CHDD 13.2(8.7*17.0) 13.2(8.7-17.0) 
ModerateModerate 14.5(6.5-17.9) 
SevereSevere 13.2(8.7-17.0) 
Noo CHD 15.6(3.4-24.0) 17.8(3.4-24.0) 15.6(3.4-24.0) 
P-valuee (p=0.139) (p=0.141) (p=0.139) 
FGF F 
(n<6.9ng/L) ) 
Mediann (range) 
CHDD 3.6(1.0-9.8) 3.6(1.0-9.8) 
ModerateModerate 4.1 (1.0-12.0) 
SevereSevere 3.6(1.0-9.8) 
Noo CHD 3.5(1.0-12.0) 3.6(1.0-8.0) 3.5(1.0-12.0) 
P-valuee (p=0.985) (p=0.985) (p=0.900) 
ANP P 
(n<43ng/L) ) 
Mediann (range) 
CHDD 48(16-89) 48(16-89) 
ModerateModerate 26(12-37) 
SevereSevere 48(16-89) 
Noo CHD 25(10-57) 22(10-57) 25(10-57) 
P-valuee (p=0.026) (p=0.085) (p=0,026) 

**  The score index is a summation of structural tricuspid valve abnormalities (0, no abnormalities; 1, mild 

thickening;; 2, moderate thickening; 3, severe thickening; 4, severe thickening and retraction) and tricuspid valve 

regurgitationn (0, no regurgitation; 1, mild regurgitation; 2, moderate; 3, severe; 4, extreme). 
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Wee also employed a scoring system that included the severity of the morphologic and 
functionall  abnormalities of the tricuspid valve.4 Using a cut-off value of >4 to detect 
severee heart disease resulted in 10 out of 37 patients with CHD (Table 3). Only one 
additionall  CHD patient was defined. Subsequently, we divided our patients in three 
groups:: severe, moderate, or no CHD. A cut-off value of 2-4 to detect early (moderate) 
valvularr damage found 8 of 37 patients. Nine of 37 patients had an index >4 and were 
consideredd to have late (severe) valvular damage. 

Itt did not appear to make a difference whether our patients were divided into two or three 
subgroupss according to a scoring system or whether they were divided on our strict 
definition.. The 5-HIAA excretion remained significantly associated with heart disease, 
whereass the markers of fibrosis still were not significant. 

Figuree 1. Median urinary 5-HIAA excretion between diagnosis of carcinoid disease and 
cardiacc ultrasound examination 

noo CHD CHD D 
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Figuree 2. Median ANP levels in patients with and without CHD 

noo CHD CHD D 

Figuree 3. Survival of patients with and without CHD 
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Discussion n 

ThickeningThickening of the right heart valves caused by formation of fibrotic plaques eventually 
followedd by regurgitation is a characteristic feature of CHD. In the current series of 37 
patients,, the incidence of CHD is 24%, which is rather low compared with the reported 
20-70%% incidence in patients with metastatic carcinoid tumours.1*4 This most likely is 
becausee of the strict criteria we used for CHD in our patient population. Another 
explanationn may be the extensive treatment focused on reducing the excretion of serotonin 
givenn to our patient group. 

Too our knowledge the pathogenesis of carcinoid heart lesions has not yet been elucidated 
fully,, but serotonin plays an important role. This is supported by the finding of similar 
valvee lesions in patients using appetite suppressants, such as fenfluramine or 
dexfenfluramine,, and anti-migraine drugs such as ergotamin and methysergide, which all 
actt via the serotonin pathway.15"17 We found a significant correlation between CHD and 
elevatedd urinary 5-HIAA excretion, which is indicative of serotonin production. This is 
comparablee to findings reported in the literature.2"4 No significant difference was found 
forr 5-HIAA excretion between non-CHD patients and patients with moderate valvular 
lesions.. However, non-CHD patients reported in literature have significantly lower 
serotoninn release, but these levels still are elevated.3;4;l8 Apart from using median values 
off  the urinary 5-HIAA excretion, we also estimated the serotonin load over the years by 
calculationn the AUC for the period between diagnosis and ultrasound examination. The 
effectt of 5-HIAA excretion was even more significant using the AUC calculation. This 
supportss the theory that not only a high serotonin level, but also the duration of exposure 
too serotonin is important in the development of CHD. 

TGF-PP affects the growth and differentiation of cells and stimulates fibroblasts to produce 
extracellularr matrix components. Expression of TGF-p was found in a pancreatic 
carcinoidd tumour cell line, as well as in freshly excised midgut tumours from six carcinoid 
patients.88 An interesting finding in this respect is an increased expression of TGF-P in 
fibroticc plaques on the heart valves reported in tissue specimens obtained from nine CHD 
patientss undergoing valve replacement surgery.7 It suggests a role for TGF-p in the 
developmentt of CHD. 

FGFF belongs to a family of polypeptide growth factors. They stimulate angiogenesis and 
formationn of granulation tissue, thus facilitating wound healing. In non-malignant 
conditions,, such as pulmonary and renal fibrosis, a relationship between TGF-P and FGF 
wass reported and suggested that there might be a role for FGF as well.9;19;20 Analysis of 
tissuee samples of normal gastrointestinal mucosa of 7 subjects and of 41 endocrine 
tumourss of the gut revealed a positive relation between expression of FGF and the amount 
off  fibrous stroma in the tumours, suggesting an involvement of FGF in the proliferation 
andd activation of fibroblasts.21 

59 9 



ChapterChapter 2.1 

AA literature survey did not reveal prior reports about plasma levels of FGF and TGF-p 
relatedd to CHD. Therefore, we tested for the first time whether increased plasma levels 
playedd a role in the development of changes of the tricuspid valve in CHD patients. In our 
study,, plasma TGF-0 was elevated in all patients, but no relationship was found between 
thickeningg and regurgitation of the tricuspid valve. The plasma levels of FGF were 
elevatedd in only 4 patients (11%). In contrast to what might be expected, a cardiac 
ultrasonographyy was normal in 3 of them. We hypothesized FGF and TGF-p help to 
initiatee the process of fibrosis before clinical symptoms or valvular lesions are detected or 
thatt they are only of importance in the early phase of valvular damage. In addition to our 
strictt criteria for CHD, we also applied a score system to detect moderate (early) and late 
(severe)) valvular damage. This subdivision also failed to detect a significant association of 
elevatedd levels of FGF and TGF-p with heart valve fibrosis, but the numbers are too small 
forr a definite conclusion. Another explanation might be that the level of TGF-P and FGF 
inn the systemic circulation is not an adequate reflection of the local level and effect of 
thesee markers of fibrosis. TGF-p is secreted by different cells in a latent form. This pro-
TGF-pp does not appear to bind to its receptor until it is activated by proteolytic cleavage. 
IncreasedIncreased production of TGF-p is only biologically significant if activation also occurs.22 

Inn our samples, we determined the active form of TGF-P which was elevated in all 
patients.. Although a relation between increased levels of TGF-P and different fibrotic 
diseasess is described22, we could not demonstrate this for our CHD patients. 
Cardiacc natriuretic peptide hormones (e.g. ANP) are synthesized and secreted by the heart 
intoo the right atrium. They play a key role in volume homeostasis and are highly activated 
duringg heart failure. Two recent reports10;11 showed that ANP and fragments of ANP can 
bee used as powerful diagnostic and prognostic markers in patients with heart failure due to 
myocardiall  infarction or cardiomyopathy. In 50 carcinoid patients, ANP levels were 
reportedd to be significantly higher in patients with the most severe right ventricular 
failure,, whereas the levels remained in the normal range among patients without cardiac 
failure.122 Plasma ANP levels, as a reflection of heart failure, were significantly higher in 
ourr CHD group. There was also a tendency towards an association between the degree of 
rightt atrium dilatation and ANP. 

Ass might be expected, survival was significantly shorter in CHD patients, who died within 
22 years, compared with the non-CHD patients, who had a 3-year survival rate of 68%.5;18 

Thee median survival period was 13 months in the CHD group and 23 months in the non-
CHDD group. 

Inn the current study, CHD was found in 24% of the carcinoid patients in our series. ANP 
wass a useful marker of heart failure. A clear role for markers of fibrosis, such as TGF-p 
andd FGF, in the development of heart disease was not demonstrated. Urinary 5-HIAA 
excretionn as a marker of serotonin production appears to be related to the development of 
CHD.. Because survival is poor in patients with CHD, treatment should be focused on 
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reducingg elevated levels of hormonal excretion. This can be realized by a combination of 
differentt treatment modalities such as octreotide analogues, unlabelled or radioactive 
MIBG,, and interferon. Even in the absence of severe symptoms of the carcinoid 
syndrome,, it is highly recommended that serotonin levels be reduced. 

61 1 



ChapterChapter 2.1 

References s 

1.. Tornebrandt K, Eskilsson J, Nobin A. Heart involvement in metastatic carcinoid disease. 

Clin.Cardiol.Clin.Cardiol. 1986;9:13-9. 

2.. Lundin L, Norheim I, Landelius J et al. Carcinoid heart disease: relationship of circulating vasoactive 

substancess to ultrasound-detectable cardiac abnormalities. Circulation 1988;77:264-9. 

3.. Robiolio PA, Rigolin VH, Wilson JS et al. Carcinoid heart disease. Correlation of high serotonin 

levelss with valvular abnormalities detected by cardiac catheterization and echocardiography. 

CirculationCirculation 1995;92:790-5. 

4.. Westberg G, Wangberg B, Ahlman H et al. Prediction of prognosis by echocardiography in patients 

withh midgut carcinoid syndrome. Br.J.Surg. 2001;88:865-72. 

5.. Ross EM, Roberts WC. The carcinoid syndrome: comparison of 21 necropsy subjects with carcinoid 

heartt disease to 15 necropsy subjects without carcinoid heart disease. Am.J.Med. 1985;79:339-54. 

6.. Bajetta E, Ferrari L, Martinetti A et al. Chromogranin A, neuron specific enolase, carcinoembryonic 

antigen,, and hydroxyindole acetic acid evaluation in patients with neuroendocrine tumors. Cancer 

1999;86:858-65. . 

7.. Waltenberger J, Lundin L, Oberg K et al. Involvement of transforming growth factor-beta in the 

formationn of fibrotic lesions in carcinoid heart disease. Am.J.Pathol. 1993;142:71-8. 

8.. Beauchamp RD, Coffey RJ, Jr., Lyons RM et al. Human carcinoid cell production of paracrine 

growthh factors that can stimulate fibroblast and endothelial cell growth. Cancer Res. 1991;51:5253-

60. . 

9.. Li CM, Khosla J, Hoyle P et al. Transforming growth factor-beta( 1) modifies fibroblast growth 

factor-22 production in type II cells. Chest 2001;120:60S-1S. 

10.. Hammerer-Lercher A, Puschendorf B, Mair J. Cardiac natriuretic peptides: new laboratory 

parameterss in heart failure patients. Clin.Lab 2001;47:265-77. 

11.. Cappellin E, Gatti R, Spinella P et al. Plasma atrial natriuretic peptide (ANP) fragments proANP (1-

30)) and proANP (31-67) measurements in chronic heart failure: a useful index for heart 

transplantation?? Clin.Chim.Acta 2001;310:49-52. 

12.. Lundin L, Oberg K, Landelius J et al. Plasma atrial natriuretic peptide in carcinoid heart disease. 

Am.Am. J.Cardiol. 1989;63:969-72. 

62 2 



EtiologyEtiology of carcinoid heart disease 

13.. Capella C, Heitz PU, Hofler H et al. Revised classification of neuroendocrine tumours of the lung, 

pancreass and gut. Virchows Arch. 1995;425:547-60. 

14.. Taal BG, Hoefnagel CA, Valdes Olmos RA et al. Palliative effect of metaiodobenzylguanidine in 

metastaticc carcinoid tumors. J.Clin.Oncol. 1996;14:1829-38. 

15.. Connolly HM, Crary JL, McGoon MD et al. Valvular heart disease associated with fenfluramine-

phentermine.. N.Engl.J.Med. 1997;337:581-8. 

16.. Wee CC, Phillips RS, Aurigemma G et al. Risk for valvular heart disease among users of 

fenfluraminee and dexfenfluramine who underwent echocardiography before use of medication. 

Ann.Ann. Intern. Med. 1998;129:870-4. 

17.. Hendrikx M, Van Dorpe J, Flameng W et al. Aortic and mitral valve disease induced by ergotamine 

therapyy for migraine: a case report and review of the literature. J.Heart Valve Dis. 1996;5:235-7. 

18.. Pellikka PA, Tajik AJ, Khandheria BK et al. Carcinoid heart disease. Clinical and echocardiography 

spectrumm in 74 patients. Circulation 1993;87:1188-96. 

19.. Strutz F, Zeisberg M, Renziehausen A et al. TGF-beta 1 induces proliferation in human renal 

fibroblastss via induction of basic fibroblast growth factor (FGF-2). Kidney Int. 2001;59:579-92. 

20.. Kadono T, Kikuchi K, Kubo M et al. Serum concentrations of basic fibroblast growth factor in 

collagenn diseases. J.Am.Acad.Dermatol. 1996;35:392-7. 

21.. La Rosa S, Chiaravalli AM, Capella C et al. Immunohistochemical localization of acidic fibroblast 

growthh factor in normal human enterochromaffin cells and related gastrointestinal tumours. Virchows 

Arch.Arch. 1997;430:117-24. 

22.. Oppenheim JJ, Feldmann M. Cytokine reference, Volume 1. London, Academic Press, 2001. 

63 3 





Chapterr  2.2 

Carcinoidd heart disease 

J.M.. Zuetenhorst, B.G. Taal 

DepartmentDepartment of Gastroenterology, 

NetherlandsNetherlands Cancer Institute/'Antoni van Leeuwenhoek Hospital, Amsterdam 

NewNew England Journal of Medicine 2003; 348: 2359-2361 





CarcinoidCarcinoid heart disease 

ReplyReply to: 

"Factors"Factors associated with progression of carcinoid heart disease'* 

(Möller(Möller  et al, N Engl J Med 2003; 348:1005-1015) 

Möllerr et al.1 reported that a high peak level of urinary 5-hydroxyindoleacetic acid (5-
HIAA )) excretion is a predictor of carcinoid heart disease. However, the duration of 
exposuree to elevated serotonin levels might be an even more important factor in the 
valvularr fibrosis. 

Thee serotonin load can be assessed as the area under the curve for urinary 5-HIAA 
excretion.. In our series of 37 consecutive patients (19 women and 18 men) with carcinoid 
disease2,, the median interval between the diagnosis and cardiac ultrasonography was 28 
monthss (range 2-121 months). There was a significant correlation between the presence of 
carcinoidd heart disease and median level of urinary 5-HIAA excretion during the interval 
betweenn diagnosis and cardiac ultrasonography (5-HIAA level, 576 umol/24h in the 
patientss with carcinoid heart disease, as compared with 233 u.mol/24h in the those 
without;; p=0.02). However, there was an even stronger relation between carcinoid heart 
diseasee and the serotonin load over time (i.e. the area under the curve for urinary 5-HIAA 
excretionn during this interval) (pO.001). 

Thiss finding supports the theory that total exposure to serotonin is even more important 
thann the level of serotonin in the development of carcinoid heart disease. 
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Abstract t 

Background::  Carcinoid heart disease (CHD) occurs in 20-70% of the patients with 
metastaticc well-differentiated neuroendocrine tumours (NET). We evaluated whether 
natriureticc peptides (ANP or NT-proBNP) are useful in early detection of CHD. 

Methods::  Blood samples from 32 patients with NET were compared with cardiac 
ultrasoundd follow-up. CHD was defined as thickening of the tricuspid valve in the 
presencee of grade III-IV/I V tricuspid valve regurgitation. 

Results::  CHD was found in nine of 32 patients (28%), all with symptoms of the carcinoid 
syndromee compared with 65% in the 23 patients without CHD (p=0.04). Median levels of 
NT-proBNPP and 5-HIAA were significantly higher in patients with CHD (894 ng/L and 
8155 umol/24h) compared with those without (89 ng/L and 206 ng/L, p<0.001 and 
p=0.007).. No significant differences were detected in ANP levels (p=0.11). Dilatation of 
thee right atrium and ventricle as well as thickening of the tricuspid valve and degree of 
regurgitationn were statistically significant correlated with NT-proBNP levels. The 
accuracyy of NT-proBNP in the diagnosis of CHD was higher than that of ANP. A 
significantlyy better survival was observed in case of normal NT-proBNP values. 

Conclusion::  NT-proBNP is helpful as a simple marker in the diagnosis of CHD. Survival 
iss better in patients with normal levels of NT-proBNP. 
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Introductio n n 

Inn 1981, De Bold et al.1 first described the endocrine function of the heart with natriuretic 
andd diuretic effects. These hormonal activities were later linked to peptides such as atrial 
natriureticc peptide (ANP) and brain natriuretic peptide (BNP). The peptides are produced 
primarilyy within the atria and ventricles of the heart and are released into the circulation in 
responsee to increased wall tension, thus reflecting increased intravascular volume. Both 
ANPP and BNP are produced as propolypeptides (pro-ANP and pro-BNP) and are cleaved 
afterr excretion into the biological active peptides (ANP and BNP) and an inactive N-
terminall  fragments (NT-proANP and NT-proBNP). Both active and inactive peptides can 
bee isolated from the blood, but the stability of the prohormones and NT-terminal 
fragmentss is much higher compared with the activated form. After activation, natriuresis 
startss and a decrease in blood pressure occurs as a result of shifting intravascular fluid into 
thee extravascular compartment and suppression of the renin-angiotensin-aldosteron axis. 
Well-differentiatedd neuroendocrine tumours (NET) with liver metastases can give 
symptomss of the characteristic carcinoid syndrome with diarrhoea and flushes caused by 
thee overproduction of serotonin. Carcinoid heart disease (CHD) is a well known 
complicationn of long-lasting exposure to high levels of serotonin.2"6 Many carcinoid 
patientss die from cardiac causes7 and the detection of carcinoid heart disease in an early 
stagee is important to adjust therapy and hence improve prognosis. 

Largee studies in the general population or in non-cardiac patients showed that measuring 
natriureticc peptides might be an effective screening method for left-ventricular systolic 
dysfunction.8"100 In patients with the suspicion of heart failure several other studies showed 
natriureticc peptides to be useful indicators for the detection of heart failure.11"16 In the 
follow-upp of patients with an acute cardiac event levels of natriuretic peptides were 
provedd to be of prognostic value for outcome.17"21 

Studiess about the role of natriuretic peptides in patients with NET are rare. In a report of 
Lundinn et al. ultrasound studies were performed in 50 patients and combined with blood 
atriall  natriuretic peptide concentrations. In patients with clinical findings of right-
ventricularr failure significantly higher levels of ANP were found. However, no studies 
havee been performed to determine the diagnostic value of BNP in patients with CHD. 
Inn this study, we investigated the relationship between CHD and the blood levels of NT-
proBNPP and ANP as markers for cardiac (dys)function. We also examined survival of 
patientss with and without elevated levels of these natriuretic peptides in order to evaluate 
thee prognostic value of these hormones. 
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Patientss and methods 

Cardiacc ultrasound studies were performed in 32 consecutive patients with NET (18 
womenn and 14 men) who visited the outpatient department of The Netherlands Cancer 
Institute/Antonii  van Leeuwenhoek Hospital in 1999 and 2000 for follow-up. The mean 
agee was 61 years (range 34-77 years). The median interval between the diagnosis of 
metastaticc NET and the cardiac investigation plus laboratory testing was 22 months (range 
2-1211 months). 

CardiacCardiac ultrasound imaging 

Two-dimensionall  echocardiography with continuous wave Doppler and colour flow 
Dopplerr studies were performed using standard techniques (Hewlett Packard Sonos 5500 
withh 2.0/2.5 MHz probes). Echocardiographic parameters analysed were: valve 
morphologyy (normal or thickened), valve mobility (normal, mildly-, moderately-, severely 
diminished,, fixed), valve regurgitation (none, I-IV/IV) , valvular stenosis and 
atrial/ventricularr dimensions. The criteria for carcinoid heart disease (CHD) in our study 
was:: a thickened tricuspid valve with additional III/I V or IV/IV tricuspid valve 
regurgitation.6 6 

LaboratoryLaboratory techniques 

Urinaryy 5-HIAA excretion and levels of NT-proBNP and ANP were determined at the 
samee time as the cardiac investigation. A routine of 24-hours urine samples were collected 
andd qualitatively evaluated for 5-HIAA and analysed by reversed-phase HPLC (normal < 
400 nmol/24h). A fluorescence detector was used for detection and quantification.23 

Serumm levels of NT-proBNP were determined in serum by an electrochemiluminescence 
immunoassayy used on the Modular Analytics E170 (Roche Diagnostics, Mannheim, 
Germany).. Normal levels of NT-proBNP are affected by age (under or above 50 years) 
andd gender. According to instructions of manufacturer, in patients above 50 years the cut-
offf  value for healthy women is 155 ng/L and for men 222 ng/L. For practical reasons we 
decidedd to use a cut-off value of 200 ng/L, because all our patients except two had an age 
abovee 50 years. 
Atriall  natriuretic peptide (ANP) was measured in plasma samples using an IRMA assay 
manufacturedd by CIS Bio International, Gif-sur-Yvette, France (normal value < 43 ng/L). 
Determinationn of NT-proBNP was performed in all patients, ANP in 27/32 patients (8 
withh CHD and 19 without CHD). 
Chromograninn A levels were determined in serum using a solid-phase two site 
immunoradiometricc assay (normal < 120 ug/L). Two monoclonal antibodies were 
preparedd against sterically remote sites on the CgA molecule. The first one is coated on 
thee tube and the second one, radiolabelled with iodine 125, is used as a tracer (CIS bio 
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international,, Gif-sur-Yvette, France).24 

Histology Histology 
Histologyy was classified in low-grade (<10 mitoses/2mm2 without necrosis) and high-
gradee neuroendocrine tumours (>10 mitoses/2mm2 and/or necrosis) according to the 
revisedd classification described by Capella et al. 

Statistics Statistics 
Comparisonss between the CHD and the non-CHD group were made by the Mann-Whitney 
testt or the Kruskal-Wallis test in case of a continuous variable. Dichotomous variables 
weree tested by means of the Fisher's exact test. 

Results s 

Tricuspidd valvular lesions combined with regurgitation as described in our criteria for 
CHDD were found in nine out of 32 patients (28%). Additionally, severe dilatation of the 
rightt atrium was present in almost all (eight out of nine) patients with CHD, while severe 
dilatationn of the right ventricle was found in three CHD patients (Table 1). 

Tablee 1. Echocardiographic findings in carcinoid patients (n=32) according to the 
presencee of heart disease 

Rightt  atriu m 
Normal l 
Mildl yy dilated 
Severelyy dilated 
Rightt  ventricle 
Normal l 
Mildl yy dilated 
Severelyy dilated 
Tricuspidd valve 
Thickened d 
Normal l 
Tricuspid d 
regurgitation n 
None e 
I/1V V 
II/I V V 
III/I V V 
IV/I V V 

Withoutt carcinoid heart 
disease e 
(n=23) ) 

211 (91%) 
22 (9%) 
00 (0%) 

222 (96%) 
11 (4%) 
00 (0%) 

22 (9%) 
211 (91%) 

88 (35%) 
88 (35%) 
77 (30%) 
00 (0%) 
00 (0%) 

Carcinoidd heart 
disease e 
(n=9)* * 

00 (0%) 
11 (11%) 
88 (89%) 

11 (11%) 
55 (56%) 
33 (33%) 

99 (100%) 
00 (0%) 

00 (0%) 
00 (0%) 
00 (0%) 
33 (33%) 
66 (67%) 

**  Defined as: thickening of the tricuspid valve with additional III/I V or IV/IV tricuspid valve regurgitation 
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Inn 29 out of 32 patients (91%) liver metastases were present. In six patients urinary 5-
HIAAA excretion was normal, while it was elevated in 26 patients (median 369 umol/24h, 
rangee 54-1185 umol/24h). Patients with CHD had a significant longer history of liver 
metastasess compared with those without CHD (median duration 40 and 14 months 
respectively,, p=0.02) (Table 2). All CHD patients suffered from the carcinoid syndrome 
(flushes,, diarrhoea or wheezing) compared with 65% of the non-CHD patients (p=0.04). 
Noo significant differences were seen between the CHD and non-CHD group in respect to 
age,, gender, presence of liver metastases (Table 2). 

Duringg sample collection a total of 20 out of 32 patients were treated with somatostatin 
analogues.. Pharmacological doses of meta-iodobenzylguanidine (MIBG) were 
administeredd in 18 patients, two of them during sample collection. Nine patients received 
aa combination with radioactive labelled MIBG26;27, all but one at least 3 months before 
bloodd collection. Fourteen patients were treated with interferon, none of them during 
collectionn time. There were no significant differences in these treatment modalities 
betweenn CHD and non-CHD patients. ' l ' In-pentetreotide scintigraphy was available in 31 
outt of 32 patients. A positive scan was found in 26 out of 32 (81%) patients and five 
patientss had a negative scan. In four of these five patients the primary tumour was located 
inn the midgut and in one patients in the foregut. 

Significantlyy higher median levels of NT-proBNP and urinary 5-HIAA were found in the 
patientss with CHD (894 ng/L and 815 u.mol/24h, respectively) compared to those without 
CHDD (89 ng/L and 206 umol/24h; p<0.001 and p= 0.007, respectively) (Figure 1 and 
Tablee 2). Median CgA levels were also found to be significantly higher in patients with 
CHDD (1958 ng/L) compared with the non-CHD group (684 ug/L, p=0.05). No significant 
differencesdifferences were detected in the levels of ANP between both groups (p=0.11) (Figure 1). 
Althoughh levels of NT-proBNP are affected by age (under or above 50 years) and gender, 
wee applied a fixed cut-off value of 200 ng/L because all our patients except two had an 
agee above 50 years. In two patients (both women) with an age under 50 years (34 and 47, 
respectively)) the NT-proBNP levels were beneath 60 ng/L. The advised cut-off value for 
thiss groups is 155 ng/L, using our cut-off point of 200 ng/L did not make any difference in 
ourr study population. For ANP, no differences in levels between men and women are 
describedd and a correlation with age is weaker than described in BNP.28 The serum 
concentrationn of NT-proBNP was elevated in all patients with CHD. ANP levels were 
elevatedd in four out of seven CHD patients. Elevated levels of NT-proBNP in patients 
withh reported normal echocardiographic findings were found in four out of 23 patients 
(mediann 575 ng/L, range 266-1449). In three of these patients thickening of the tricuspid 
valvee with grade II/IV tricuspid regurgitation was already present. During follow-up one 
yearr later, one of these patient met our criteria for CHD. The other two died before a new 
echocardiographyy could be performed. The fourth patient suffered from dilatation of the 
rightt atrium after a myocardial infarction. 
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Tablee 2. Clinical characteristics in carcinoid patients according to the presence of heart 

disease e 

Agee at cardiac ultrasound 
(years) ) 
meann (range) 
Sex x 
Male e 
Female e 
Durationn of carcinoid disease 
att  echocardiogram 
(months) ) 
Mediann (range) 
Liverr  metastases 
Durationn of liver  metastases 
(months) ) 
Mediann (range) 
Symptomss of carcinoid 
syndrome e 
Yes s 
No o 
Primar yy tumour 
Foregut t 
Midgut t 
Hindgut t 
Unknown n 
Pathology y 
Low-gradee NET* 
High-gradee NET 
Cytologicall  punction 

NT-proBNP P 
(normall  < 200 ng/L) 
Mediann (range) 

ANP P 
(normall  < 43 ng/L) 
Mediann (range) 

5-HIA A A 
(normall  < 40 umol/24h) 
Mediann (range) 

CgA A 
(normall  < 120 ug/L) 
Mediann (range) 

Totall  group 
(n=32) ) 

611 (34-77) 

144 (44%) 
18(56%) ) 

22(2-121) ) 
299 (91%) 

311 (2-96) 

244 (75%) 
88 (25%) 

22 (6%) 
15(47%) ) 
11 (3%) 

144 (44%) 

244 (75%) 
55 (16%) 
33 (9%) 

1555 (23-4432) 

266 (10-89) 

292(19-1185) ) 

7777 (24-22282) 

Withoutt carcinoid 
heartt disease 

(n=23) ) 

611 (34-76) 

99 (39%) 
144 (61%) 

20(2-121) ) 
211 (88%) 

144 (2-84) 

15(65%) ) 
88 (35%) 

22 (9%) 
11(48%) ) 
00 (0%) 

10(43%) ) 

166 (69%) 
55 (22%) 
22 (9%) 

899 (23-1449) 

255 (10-57) 

206(19-1116) ) 

684(24-9115) ) 

Carcinoidd heart 
disease* * 

(n=9) ) 

65(51-77) ) 

55 (55%) 
44 (45%) 

400 (9-96) 
99 (100%) 

400 (9-96) 

99 (100%) 
00 (0%) 

00 (0%) 
44 (45%) 
11 (10%) 
44 (45%) 

88 (90%) 
00 (0%) 
11 (10%) 

8944 (328-4432) 

411 (12-89) 

815(87-1185) ) 

19588 (506-22282) 

P-value e 

0.81 1 

0.41 1 

0.08 8 
0.36 6 

0.02 2 

0.04 4 

0.16 6 

0.33 3 

<0.001 1 

0.11 1 

0.007 7 

0.05 5 

**  Defined as: thickening of the tricuspid valve with additional III/I V or IV/IV tricuspid valve regurgitation 

## NET= neuroendocrine tumour 
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Figuree 1. The median NT-proBNP serum level is significantly higher in patients with 
CHDD compared with those without. The difference in ANP levels is not significant. Boxes 
aree median and interquartiles range, whiskers show ranges excluding outliers. Values 
beyondd the lines are considered outliers (+) 

+ + 

+ + 

+ + 
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NT-proBNPP was elevated in all patients with severe dilatation of either right atrium or 
ventriclee and the level of NT-proBNP was correlated with the degree of dilatation 
(p=0.0022 and p=0.005, respectively) (Figure 2 and Table 3). Elevated NT-proBNP levels 
weree found in four out of 21 patients with normal dimensions of the right atrium (range 
266-14499 ng/L) and in five out of 23 patients with normal right ventricle dimension (range 
266-25877 ng/L). No significant correlation was detected between the median levels of 
ANPP and the existence of atrial or ventricle dilatation (Table 3). Median NT-proBNP 
levelss were higher in patients with pathological thickening of the tricuspid valve (894 
ng/L)) compared with those with a normal aspect of the tricuspid valve (84 ng/L, p<0.001). 
Elevatedd levels of NT-proBNP were present in all patients with severe tricuspid valve 
regurgitationn and significantly correlated with the degree of regurgitation (p=0.007). Such 
significantt findings were not found in the levels of ANP (Table 3). 

Figuree 2. The median NT-proBNP serum level is significantly correlated with the degree 
off  dilatation of the right ventricle 
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Inn our patient group NT-proBNP had a positive predictive value (PPV) of 69% at a cut-off 
valuee of 200 ng/L and a negative predictive value (NPV) of 100%. No additional 
informationn was obtained by combining the NT-proBNP values with the ANP levels. To 
determinee the accuracy of both diagnostic tests a receiver operating characteristic (ROC) 
curvee was used, which showed an area under the curve for NT-proBNP of 0.94 (95% CI 
0.85-1.04)) and for ANP of 0.69 (95% CI 0.44-0.96) (Figure 3). The highest cut-off value 
off  NT-proBNP with retaining a sensitivity of 100% was 300 ng/L. 
AA significantly better survival was observed in patients with a normal NT-proBNP value 
comparedd with those with elevated levels (p=0.02). This difference was not seen in the 
groupp with a normal compared with an elevated ANP level (p=0.93) (Figure 4). 
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Tablee 3. Levels of NT-proBNP and ANP according to the echocardiographic findings 

Carcinoidd heart disease 

MedianMedian (range) 

Absentt (n=23) 

Present(n=9) ) 

P-value e 

Rightt  atriu m dilatation 

MedianMedian (range) 

Nonee (n=21) 

Mildl yy dilated (n=3) 

Severelyy dilated (n=8) 

P-value e 

Rightt  ventricle dilatation 

MedianMedian (range) 

Nonee (n=23) 

Mildl yy dilated (n=6) 

Severelyy dilated (n=3) 

P-value e 

Tricuspi dd valve morphology 

MedianMedian (range) 

Normall  (n=21) 

Thickenedd (n=l 1) 

P-value e 

Tricuspi dd valve regurgitation 

MedianMedian (range) 

Nonee (n=8) 

Mild(I/IV&II/IV)(n=15 ) ) 

Severee (III/I V &IV/IV ) (n=9) 

P-value e 

NT-proBNPP level (ng/L) 

(normall  < 200 ng/L) 

899 (23-1449) 

8944 (328-4432) 

p<0.001 1 

899 (23-1449) 

1955 (62-2587) 

7388 (328-4432) 

p-0.002 2 

844 (23-2587) 

407(153-1058) ) 

10811 (581-4432) 

p=0.005 5 

84(23-372) ) 

8944 (328-4432) 

p<0.001 1 

50(23-1349) ) 

153(52-1449) ) 

8944 (328-4432) 

p=0.007 7 

ANPP (ng/L) 

(normall  < 43 ng/L) 

25(10-57) ) 

411 (12-89) 

p=0.11 1 

26(10-57) ) 

255 (20-30) 

48(12-89) ) 

p=0.36 6 

25(10-55) ) 

49(12-62) ) 

52(16-89) ) 

p=0.13 3 

24(10-57) ) 

48(12-89) ) 

p=0.39 9 

18(10-28) ) 

266 (20-57) 

411 (12-89) 

p=0.13 3 
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Figuree 3. The Receiver-Operating-Characteristic curve shows that the accuracy to 
differentiatee between patients with and without heart disease is the best in NT-proBNP 
comparedd with ANP levels 

aa NT-proBNP 

Figuree 4. Kaplan-Meier curves show a significant better survival in patients with normal 
levelss of NT-proBNP compared with those with elevated levels. This does not apply for 
thee levels of ANP 
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Discussion n 

Thickeningg of the right heart valves caused by formation of fibrotic plaques eventually 
followedd by regurgitation and right ventricular failure is a characteristic feature of CHD. 
Inn metastatic NET with production of hormones the development of CHD is reported in 
20-70%% of the patients2;4"6 and in many patients attributed to the cause of death.7 In the 
presentt series of 32 patients the incidence of CHD is 28%, which is rather low compared 
withh the results reported in literature. This might be due to the strict criteria we used for 
thee definition CHD and the availability of octreotide the last decades has improved 
survivall  in these patients group with probably a less frequent development of CHD.29 

Inn the follow-up and monitoring of carcinoid patients the echocardiography is the 
cornerstonee in the diagnosis of CHD. However, performing an echocardiography is 
laborious,, expensive and not always readily available as referral to a cardiologist is 
necessary.. For these reasons, the cardiac evaluation of carcinoid patients without 
symptomss of heart failure is often performed less frequently than recommended. 
Clearly,, a screenings method allowing rapid and accurate differentiation between patients 
withh and without CHD would be desirable. In this study with 32 patients, we found NT-
proBNPP to be a reliable marker to make this differentiation with a sensitivity of 100% and 
aa specificity of 83%. This is comparable to the literature for diagnosis of cardiac 
dysfunctionn in the general population8110 or in patients suspected to have heart 
failure.11;15;16 6 

Thee PPV of 69% as described in our study is relatively high compared with studies in the 
generall  population with a PPV of approximately 30%9, but is in accordance with studies 
performedd in a population with a higher chance of cardiac dysfunction.11;13;15 In our 
carcinoidd population ANP was less reliable. An explanation could be thee application of the 
activatedd ANP, which is less stable compared with the pro-hormone and NT-terminal 
fragment.. However, earlier reports did show diagnostic values for activated ANP in 
carcinoidd patients.6'2 Tested by a ROC-curve, the diagnostic capacities of NT-proBNP 
weree better compared with ANP, and no additional information was obtained by 
combiningg NT-proBNP with ANP. Similar to our findings, in earlier studies with a direct 
comparisonn between atrial and brain natriuretic peptides an advantage for brain natriuretic 
peptidess was convincingly proved with no increased predictive power by addition of ANP 
too BNP determination.8111"13 

Natriureticc peptides are mainly produced and excreted in the atria of the heart in response 
too increased wall tension. BNP, in contrast to ANP, is not only secreted from the atria, but 
alsoo from the ventricles, especially in patients with heart failure. Moreover, there is a 
correlationn between the degree of dilatation and levels of natriuretic peptides. Similar to 
thee literature, we also found a significant correlation between the levels of NT-proBNP 
andd the degree of dilatation of the right atrium and ventricle. Although higher levels of 

80 0 



NatriureticNatriuretic peptides; new markers for carcinoid heart disease 

ANPP were detected in patients with severe dilatation of the right atrium and ventricle 
comparedd with those with only mild or no dilatation, this did not reach significance. Most 
studiess about the influence of cardiac dilatation and levels of natriuretic peptides are 
performedd in patients with left-sided heart failure. Information about natriuretic peptide 
excretionn in right ventricular pressure overload, such as in CHD, is scarce and therefore 
comparisonn of our findings with other studies is difficult. In two studies of Tulevski et al. 
aa relationship between levels of ANP and BNP with right ventricular dysfunction was 
reported.31;322 In our population elevated levels of NT-proBNP were present in all patients 
withh severe tricuspid valve regurgitation and a significant correlation between degree of 
regurgitationn and NT-proBNP levels was found. Several studies described the prognostic 
valuee of natriuretic peptides in patients with acute coronary syndromes and heart 
failure.18"211 Patients with elevated levels of BNP were at a higher risk of dying, developing 
heartt failure or undergoing a new myocardial event compared with those with normal 
levels.. As might be expected, we also found a significant better survival for patients with 
normall  levels of NT-proBNP compared with those with elevated levels. 
Inn conclusion, NT-proBNP is a reliable marker to make a rapid and accurate 
differentiationn between patients with and without CHD. Survival of patients with normal 
levelss of NT-proBNP is better compared with those with elevated levels. As many patients 
withh hormonal active NET die from cardiac causes, the detection of CHD in an early stage 
iss important to adjust therapy and improve prognosis. A regular screening of NT-proBNP 
levelss might direct the use of cardiac echography and guide treatment strategies. 
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Abstract t 

Background::  Vasoactive peptides produced by neuroendocrine tumours can induce 
characteristicc symptoms of the carcinoid syndrome (flushing, diarrhoea and wheezing). To 
whatt extent external factors provoke these symptoms and how 5-hydroxyindoleacetic acid 
(5-HIAA)) excretion (the degradation product of serotonin) varies throughout the day 
remainn unknown. In this study, we investigated whether symptoms and daily activity are 
relatedd to 5-HIAA excretion and whether 24-hours urine collection is needed. 

Methods::  In twenty-six patients with metastatic carcinoid (14 men and 12 women, median 
agee 60 years) urine was collected in portions of 4 or 8 hours during two days. Patients 
weree asked to keep a diary in which they noted symptoms of flushes, consistency of 
stools,, activities and food intake. 

Results::  Excretion of 5-HIAA in 24-hours urine was increased in 88% of the patients 
(mediann 515 umol/24h). Overnight collected urine appeared the most representative for 
24-hourss collection levels (correlation coefficient 0.85). We found no clear correlation 
betweenn symptoms of the carcinoid syndrome and degree of activity. Watery diarrhoea 
wass reported only by patients with strong variations in 5-HIAA excretion. One-half of the 
patientss (n=16) exhibited a high variability in urinary 5-HIAA excretion throughout the 
day,, with increased levels most prominent in morning collections (p=0.0074) and lower 
levelss in the evening (p=0.0034). In the other patients these curves were flat. 

Conclusion::  Cyclic changes were found in patients with high variability in 5-HIAA 
excretion.. Overnight collected urine can replace the 24-hours urine collection and strong 
variationss in 5-HIAA excretion seem to be associated with severity of diarrhoea. 
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Introductio n n 

Carcinoidd tumours (well-differentiated neuroendocrine tumours) are derived from the 
enterochromaffinn cells and predominantly originate from the gastro-intestinal tract and 
bronchi.. Carcinoids are rare and present with distant metastases in 22%.' These tumours 
havee the ability to secrete vasoactive peptides, especially serotonin, which induce the 
characteristicc symptoms of flushing and diarrhoea in patients with liver metastases. 
Serotoninn plays a key role in the development of fibrosis of the tricuspid heart valve.2 

Twenty-four-hourss concentrations of urinary 5-hydroxyindoleacetic acid (5-HIAA), the 
degradationdegradation product of serotonin, is the cornerstone in diagnosis and follow-up. Although 
thee metabolism of serotonin is regulated by rapid clearance3"6, urinary 5-HIAA excretion 
iss generally measured in a 24-hours collection7'8, which is troublesome for the patient and 
cann be unreliable in case of severe diarrhoea. It would be beneficial if an urine sample 
collectedd during a shorter interval reflects disease activity. It is our clinical impression 
thatt symptoms of the carcinoid syndrome are exacerbated by physical efforts, food intake, 
orr starting the day. Information about influences of these factors on hormonal excretion is 
scarce,, and clear-cut correlation between the severity of symptoms and the hormone 
excretionn are not convincing.9"12 

Inn this study we assessed whether a 4-hour urine sample is adequate compared with the 
traditionall  24-hours collection and whether cyclic changes in 5-HIAA excretion are 
present.. We investigated the relationship between symptoms of the carcinoid syndrome 
andd daily activity on 5-HIAA excretion during 4- and 8-hour intervals. In addition, we 
comparedd different assays for determination of urinary 5-HIAA excretion. The results of 
thiss study might have implications for urine collection instructions and optimal timing of 
medicall  treatment during the day. 

Patientss and methods 

Patients Patients 
Betweenn July 2001 and April 2002 a total of twenty-eight consecutive patients with 
metastaticc well-differentiated neuroendocrine tumours (carcinoid) who visited the 
outpatientt department of The Netherlands Cancer Institute/Antoni van Leeuwenhoek 
Hospitall  participated in the study (16 men and 12 women; median age 60 years, range 47-
744 years). The interval between the diagnosis of metastatic carcinoid and urine collection 
wass 19 months (range 5-121 months). Two patients were excluded from the analysis 
becausee urine collection failed. Written informed consent was obtained from all 
participants.. Advice to avoid serotonin-rich food like bananas, pineapple and walnuts two 
dayss before and during the sampling days was given to all participants. The diagnosis was 
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confirmedd by histology in 23 patients (88%), by fine needle aspiration in two patients, 
whereass in one patient several punctures from a mesenteric tumour failed. The carcinoid 
syndromee was present in 92% of the patients. Liver metastases were present in all except 
thee patient with the mesenteric tumour. In lOout of 26 patients (38%), the primary tumour 
wass located in the midgut. Despite imaging techniques, the primary tumour remained 
unknownn in one-half of the patients. During the study, the dosage of somatostatin 
analoguess administered in 23 patients was kept stable. Two patients received interferon-oc 
untill  two months before urine collections and in another two patients embolisation of the 
liverr was performed a few months before inclusion in this study (Table 1). 

CollectionCollection of urine samples 

Urinee samples were collected at 4-hour intervals during the day (07.00 -11.00, 11.00-
15.00,, 15.00-19.00 and 19.00-23.00) and an 8-hour interval (23.00-07.00) during the 
night,, for two days. The urine was collected in bottles that contained acetic acid as 
preservative. . 
Thee patients noted symptoms of flushes (none, moderate, severe), abdominal pain (yes or 
no),, consistency of the stools (none, solid, loose and watery), activities (none/sleeping, 
sitting,, moderate and severe) and food intake in a diary. 

LaboratoryLaboratory techniques 
Urinaryy 5-HIAA was measured by three different techniques. 
ELISAA (Enzyme-linked immunosorbent assay): The ELISA kit (DRG Instruments, 
Marburg,, Germany) measures the 5-Hydroxy-3-Indole Acetic Acid in human urine. This 
competitive-binding,, microtiter-plate assay has an intra-assay variation of 5% at a mean of 
200 pmol/1 and 7% at a mean of 200 pmol/1 and an inter-assay variation of 13% at a mean 
off  22 and 12% at a mean of 141 pmol/1. 
High-- performance liquid chromatography (HPLC): 5-HIAA was analysed by reversed-phase 
HPLCC with a fluorescence detector.13 

Spectrophotometricc (SPEC): The original assay is based on the absorbance measurement at 
5400 nm of the violet chromophore formed when 5-HIAA reacts with 1-nitroso-2-naphtol in 
nitrouss acid medium.14 In the present assay 2-mercaptoethanol is added to the reaction 
mixturee to improve the specificity.15 

Urinaryy creatinine: Urinary creatinine was measured on the Hitachi 917, Roche 
Diagnosticss (Mannheim, Germany) based on the Jaffé method.16 

Urinaryy 5-HIAA excretion is expressed as |imol/24h (normal < 40 |j,mol/24h, excretion 
ratess for 4- and 8-hour intervals are expressed in terms of excretion per 24 hours) or 
fimol/mmoll  urinary creatinine. If not otherwise specified, the 5-HIAA excretion described 
inn the results were determined by the ELISA technique. 
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Statistics Statistics 
Thee Mann-Whitney test or Fisher's exact test was used to compare categorical variables 
andd the Kruskal-Wallis test was used in case of continuous variables. Spearman 
correlationn coefficient was used for ordinal variables. To examine the variation of urinary 
5-HIAAA during the day in relation to the complete twenty-four-hours collection, we 
calculatedd differences between the excretion rates for 4- and 8-hour intervals and the full 
24-hourss excretion from the corresponding day for each patient. The resulting variable 
wass approximately normally distributed. The variance and confidence limits were 
estimatedd by using Proc Mixed (SAS system for windows 8.02) to model the repeated 
measurementss for patients over two days 
Wee observed a quadratic relationship for the variation in urinary 5-HIAA excretion rates 
fromm the overall 24-hours excretion rate for each patient. The sum of the absolute 
differencee in excretion rate for each time interval from the 24-hours excretion rate was 
usedd as a measure of variation in each patient. The relevant inflection point for the 
quadraticc relationship was found to be is around 16, 12 p:mol HIAA excretion /mmol 
creatinine.. From this, the patients with a variation lower than 16 were divided in a "low 
variationn group" (10 patients) and the others were placed in a "high variation group" (16 
patients). . 

Results s 

LaboratoryLaboratory values 
Thee measurements of 5-HIAA excretion by the HPLC and SPEC analysis, ELISA and 
SPECC and by the HPLC and ELISA method correlated well (correlation coefficients 0.98, 
0.966 and 0.95 respectively, slopes 0.96, 0.75 and 0.76 respectively, p=<0.001 for all three 
comparisons).. In one patient, all urinary 5-HIAA values were significantly higher when 
assayedd by the SPEC method. 
Increasedd concentrations of 5-HIAA in 24-hours urines were present in 22 out of 26 
patientss on both collecting days (range 77-1529 umol/24h). Four patients had normal 24-
hourss urinary 5-HIAA excretion rates on the first day: two of them had a slightly 
increasedd excretion rate in one of the collection intervals (47 and 55 nmol/24h) and in one 
patientt the excretion rate was slightly increased on the second day (53 (imol/24h). These 
findingg were consistent across the different assays. No significant difference was found in 
thee urinary 5-HIAA excretion between the two collecting days (p= 0.77) (Table 2). 

UrineUrine samples over the day 
AA significant correlation was found for the absolute excretion of urinary 5-HIAA 
(^imol/24h)) compared with the 5-HIAA excretion per mmol creatinine excretion 
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(p<0.0001,, correlation coefficient 0.92). By expressing the urinary 5-HIAA excretion as 
|imol/mmoll  creatinine, the overnight interval produced the best estimate compared with 
thee 24-hours excretion (correlation coefficient 0.81). We observed a quadratic relationship 
betweenn the variation for each patient and the 24-hours collection value. This variation 
wass approximated by the sum of the absolute difference from the interval values and the 
24-hourss excretion values. We divided our patients into a low variation group (10 patients) 
andd a high variation group (16 patients). In the low variation group, we could not detect 
peakss in 5-HIAA excretion during the day. In the high variation patients, the excretion 
ratee for 5-HIAA was significantly lower in the evening between 19.00-23.00 hrs (p= 
0.0034)) compared with the 24-hours excretion and significantly higher in the morning 
betweenn 07.00-11.00 hrs (p= 0.0074) (Figurel). In the patient group with high variability, 
thee overnight interval remained the most representative sample for the 24-hours excretion 
(correlationn coefficient 0.85). 

Tablee 1. Clinical characteristics of patients 

Totall  group of patients 
(n== 26) 

Agee (years) 
Meann (range) 60 (47-74) 
Sex x 
Malee 14 (54%) 
Femalee 12 (46%) 
Duratio nn of carcinoid disease at urin e collection (months) 
Mediann (range) 19(5-121) 
Primar yy tumour 
Foregutt 1 (4%) 
Midgutt 10 (38%) 
Hindgutt 2 (8%) 
Unknownn 13 (50%) 
Metastases s 
Nonee 0 (0%) 
Liverr 25 (96%) 
Mesenteriall  1 (4%) 
Pathology y 
Well-differentiatedd NET* 23 (88%) 
Cytologicall  punction 2 (8%) 
Noo histology 1 (4%) 
Symptomss of the carcinoid syndrome 
Yess 24 (92%) 
Noo 2 (8%) 
Urinar yy 5-HIA A excretion before inclusion in study (normal 
<40umol/24h ) ) 
Normall  3 (12%) 
Increasedd but < 5 ULN* (<200 umol/24h) 6 (24%) 
Increasedd and > 5 ULN (>200 umol/24h) 17 (64%) 
Therapy y 
(withi nn 6 months before urin e collection) 
Nonee 3 (12%) 
Somatostatinn analogues 23 (88%) 
Additionall  therapy: 

-- Interferon-a 2 (9%) 
-- Liver embolisation 2 (9%) 

NET== neuroendocrine tumour 

**  ULN= Upper limi t of normal 
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Tablee 2. Levels of urinary 5-HIAA excretion determined by the ELISA technique in the 

collectedd intervals 

Dayy 1 Day 2 

Interva ll  1 (7-11) 
Mediann urinary 5-HIAA excretion 
umol/24hh (range) 192(17-1505) 172(6-1886) 
umol/mmoll  urinary creatinine (range) 18.4(1.3-137.6) 19.5(1.1-166.4) 
Interva ll  2 (11-15) 
Mediann urinary 5-HIAA excretion 
umol/24hh (range) 222(10-1747) 203(11-1563) 
umol/mmoll  urinary creatinine (range) 19.7 (1.8-126.8) 16.3 (1.5-133.4) 
Interva ll  3 (15-19) 
Mediann urinary 5-HIAA excretion 
umol/24hh (range) 256 (11-2210) 245 (22-1458) 
umol/mmoll  urinary creatinine (range) 21.9(1.4-127.9) 23.4(1.7-114.8) 
Interva ll  4 (19-23) 
Mediann urinary 5-HIAA excretion 
umol/24hh (range) 214(13-1597) 161(21-1558) 
umol/mmoll  urinary creatinine (range) 17.1(1.6-120.2) 15.2(1.3-127.6) 
Interva ll  5(23-7) 
Mediann urinary 5-HIAA excretion 
umol/24hh (range) 206(16-1566) 206(14-1370) 
umol/mmoll  urinary creatinine (range) 21.6(1.4-122.8) 16.5(1.0-125.7) 
Interva ll  6 (24-hours collection interval , 7-7) 
Mediann urinary 5-HIAA excretion 
umo!/24hh (range) 225(19-1511) 230(16-1529) 
umol/mmoll  urinary creatinine (range) 18.8 (1.6-126) 17.1 (1.3-131.1) 

UrineUrine samples in relation to symptoms and daily activity 

Althoughh not significant, median urinary 5-HIAA excretion was lower during all 
collectionn intervals in which no stools were produced (158 |imol/24h) compared with the 
intervalss during which stools were produced (335 |umol/24h). There was a trend between 
thee rates of hormonal excretion and the consistency of the stools (no stools 158 umol/24h, 
solid/loosee 332 umol/24h and watery 790 umol/24h). However, given the small number of 
patientss with watery stools (n=5), this physiologically reasonable trend might have arisen 
byy chance. We observed a trend in which 4 of 5 (80%) patients with at least one watery 
stooll  were categorized into the high variation group, compared with 12 out of 21 (57%) 
withh no watery stools. Abdominal pain as a symptom of increased bowel movement was 
presentt in 19 out of 26 patients and reported in 29 of 260 intervals. No relationship 
betweenn pain and 5-HIAA excretion in these intervals could be detected (p= 0.488). 
Flushess were reported by 20 out of 26 patients. Although not significant, median urinary 
5-HIAAA excretion was lower during the 75 of 260 collection intervals with flushes (132 
|imol/24h)) compared with those without (234 ^imol/24h). We found no relationship 
betweenn physical activity and changes in 5-HIAA excretion: 220 (imol/24h versus 174 

91 1 



ChapterChapter 4 

|amol/24hh in the intervals with and without activity (p= 0.766). The degree of exercise was 
alsoo not related to 5-HIAA excretion (p= 0.446). Hormonal excretion was not measurably 
relatedd to food intake. A delayed release of hormonal activity could not be detected when 
wee compared 5-HIAA excretion rates in the subsequent time intervals. Correction of the 
5-HIAAA levels by creatinine in the urine samples did not change these outcomes. 

Figuree 1A. Time course of urinary 5-HIAA excretion with all values centred at the mean 
5-HIAAA excretion rate and averaged over all values for each patient group. The time 
coursess are subdivided for patient groups with low and high variability in excretion. 
Urinaryy 5-HIAA excretion expressed as |amol/mmol urinary creatinine. Bars represent the 
95%% confidence interval 

Figuree IB. Individual plots for the variation around the 24-hours urine excretion by each 
patientt subdivided for patients with high (left) and low (right) variability in excretion 
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Discussion n 

Productionn of vasoactive peptides, especially serotonin, by carcinoid tumours is related to 
symptomss of the carcinoid syndrome and development of carcinoid related heart 
disease.2177 The 24-hours urinary concentration of 5-HIAA, the degradation product of 
serotonin,, is used for diagnosis and follow-up of carcinoid patients. Several methods are 
availablee to measure 5-HIAA excretion. In this study, three different assays gave highly 
correlatedd results. In one patient, all urine samples showed significantly higher 5-HIAA 
valuess with the application of the SPEC technique. This patient used naproxen (non-
steroidall  anti-inflammatory drug), which may interact with this colorimetric method.18 

Inn the present series of 26 patients, rates of 5-HIAA excretion determined in overnight 
urinee samples were representative of 24-hours excretion. Excretion in all other intervals 
appearedd to be less related to the 24-hours excretion rate. This might be explained by 
inductionn of hormonal release by physical activity or food intake, but this hypothesis 
couldd not be confirmed in our study. Another reason might be the longer interval (8-hours 
versuss 4-hours) during the night, which was 30% of the total sample. 
Onlyy slightly increased 5-HIAA excretion could be detected in the shorter interval 
sampless for the four patients with a normal excretion in the 24-hours urine sample. This 
supportss the idea that repeated 24-hours urine sampling does not add additional 
information.. For follow-up and monitoring of treatment, an overnight sample should be 
sufficient. . 

Inn this study, we found a high correlation between absolute 5-HIAA excretion rates and 5-
HIAAA excretion corrected for creatinine excretion. However, correction for creatinine 
excretionn increased the reliability of urine sampling by lowering the variance among 
patientss and reducing the effect of collection interval duration. The latter could reduce the 
numberr of erratic results attributable to an inaccurate collection interval by the patient. 
Ourr patients could be divided into a group with low variability in urinary 5-HIAA 
excretionn versus a group of patients with highly variable hormonal excretion. In the 
patientt group with highly variable 5-HIAA excretion (n=16), we found the highest 
excretionn rates in the morning with an opposite finding in the urine samples collected in 
thee evening. This is in accord with our clinical impression that symptoms of carcinoid 
patientss are the most prominent at the start of the day. There are no published reports 
aboutt cyclic changes in serotonin metabolism in carcinoid patients, although Pietraszek et 
al.. reported fluctuations in the concentrations of serotonin and its metabolites in blood 
duringg the day in healthy controls and depressed patients.1 In healthy adults, no clear 
diurnall  variations of urinary 5-HIAA excretion could be detected by collecting two 12-
hourr urine samples.20 In line with our results, Singh et al. reported cyclic changes in 

excretionn of creatinine and 5-HIAA during the day, with the highest 5-HIAA values in the 
m ~ ™ ; „ r , 2 1 1 morning. . 
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Althoughh symptoms of the carcinoid syndrome seem to be exacerbated by physical 
exertion,, food intake or starting the day, information about this subject is scarce. The 
correlationn between hormonal excretion and symptoms of the carcinoid syndrome is not 
clear.. Plasma concentration of serotonin sampled from the venous drainage area of 10 
carcinoidd patients with symptoms of flushing were found to be increased.9 Provocation of 
flushess by food intake was described in a study by Richter et al.11, but no correlation 
betweenn intensity of the flush and serotonin concentrations was found. In a report by 
Obergg et al.]0, a decrease in 24-hours urinary 5-HIAA excretion after octreotide did not 
leadd to a change in flushes and diarrhoea in 20 carcinoid patients. Because the degradation 
off  serotonin to 5-HIAA is regulated by rapid clearance mechanisms3"5, we measured 5-
HIAAA excretion in intervals of 4- and 8-hours in an attempt to detect a relationship 
betweenn symptoms of the carcinoid syndrome and transient changes in hormonal 
excretion,, but we found no such relationship. Contrary to our expectations, the rates of 5-
HIAAA excretion were higher in the intervals without flushes than in those with flushes. 
Thiss might be explained by the idea that hormones other than serotonin (e.g. tachykines) 
playy a role in the pathogenesis of flushing. A search of the literature for a correlation 
betweenn serotonin production and symptoms of flushes failed to find earlier reports on this 
subject.11'22"244 5-HIAA excretion was found to be the highest in the collection intervals in 
whichh stools were produced and tended to be correlated with the consistency of the stools, 
butt the number of observations may have been too small for significance. Furthermore, 
wateryy diarrhoea was reported only by patients with a strong variation in 5-HIAA 
excretion.. Thus, rapid changes in hormonal concentrations may play a more important role 
inn the development of diarrhoea than the hormonal excretion itself. 

Thee use of somatostatin analogues could have influenced the results of our study. 
However,, medication consisted of slow-release preparations with no changes during the 
collectionn intervals. Although stabilization of hormonal activity could mask cyclic 
changes,, we did find variable hormonal excretion during the day. A more pronounced 
patternn could possibly have been detected if no octreotide analogues were used. 
Inn conclusion, we could not detect a definite relationship between the severity of 
symptomss of the carcinoid syndrome or the degree of physical activity and 5-HIAA 
excretionn in 4- and 8-hour urine samples. However, strong variations in 5-HIAA excretion 
aree likely to be associated with the severity of diarrhoea. Cyclic changes in urinary 5-
HIAAA excretion with peaking in the morning and lower excretion rates in the afternoon 
weree found in those patients with a highly variable in 5-HIAA excretion. Hormonal 
excretionn in an overnight collected urine sample appeared highly correlated to 24-hours 
excretionn rates and could be used to monitor carcinoid patients. 
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Abstract t 

Carcinoidd tumours are rare, but well known for their characteristic presentation with 
diarrhoeaa and flushes due to overproduction of serotonin in the case of liver metastases. 
Treatmentt is mainly based on the reduction of vasoactive peptide hypersecretion and 
symptomaticc improvement. Octreotide and interferon are widely applied and effective 
treatmentt options to induce symptomatic improvement and, to a lesser extent, biochemical 
response.. The main drawbacks, however, are the need for frequent injections and/or the 
occurrencee of side effects. 

AA rather new approach is the application of meta-iodobenzylguanidine (MIBG), which 
resembless noradrenalin and serotonin. In carcinoid patients, MIBG is taken up in the 
tumourr cells and stored in the neurosecretory granules. When labelled with l31iodine, 
radionuclidee imaging is positive in up to 70% of the patients. In these patients, two cycles 
off  a therapeutic dose of radioactive MIBG may induce long-lasting palliation (8 months) 
byy internal irradiation. Also, the non-radioactive MIBG compound may be effective in 
palliation,, even in patients with a negative scan. The mode of action is based on specific 
tumourr acidification as found in animal models, and/or based on its effect as a false 
neurotransmittor. . 

Threee case reports demonstrate different therapeutic possibilities of MIBG: 1) 
symptomaticc relief with unlabelled MIBG, which is a safe and simple treatment; 2) the 
long-termm palliation following radioactive treatment; and 3) an additional new aspect of 
predosingg with unlabelled MIBG followed by radioactive MIBG led to improved tumour 
targetingg and impressive clinical response. 
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Introductio n n 

Carcinoidd tumours are neuroendocrine tumours, mostly derived from the midgut. They 
oftenn present with extensive liver metastases leading to the characteristic attacks of 
diarrhoeaa and flushes: the carcinoid syndrome.' Elevated urinary excretion of 5-
hydroxyindoleaceticc acid (5-HIAA), the degradation product of serotonin, is 
characteristic.22 Treatment of metastatic carcinoid is aiming at symptomatic improvement 
andd reduction of hormonal hypersecretion.3 Well-known treatment options (Table 1) are 
octreotidee and interferon-a.2 Symptomatic improvement can be achieved in 60-80% of 
patientss and biochemical response in 30-40%, but tumour reduction is only occasionally 
described.. The need for repeated injections, for octreotide two or three times per day, and 
forr interferon three times a week, is a clear disadvantage. 

AA novel approach is the application of meta-iodobenzylguanidine (MIBG), a biogenic 
aminee precursor, which resembles noradrenalin and serotonin. Initially, MIBG has been 
developedd as a derivate of the neuroblocking agents bretylium and guanethidin. Due to its 
highh affinity for the noradrenalin transporter protein, it is taken up by chromaffin cells and 
storedd in neurosecretory granules.4 Based on this mechanism of retention, radionuclide 
diagnosticc imaging with a tracer dose of (1 mCi=37 mBq) I31I-MIB G was introduced in 
19844 when the first report of a positive scan at carcinoid tumour deposits appeared. 
Currently,, a positive MIBG scan is present in up to 70% of carcinoid patients. Apart from 
itss help in tumour imaging, 131I-MIB G has been applied in a much higher dose (200 
mCi=7.4GBq)) in cases with a positive scan to provide a selective local effect by internal 
irradiation.55 Two cycles with an interval of 6 weeks resulted in a significant symptomatic 
responsee for 8 months in 60% of 30 patients with metastatic carcinoid, despite frequent 
(47%)) pre-treatment with octreotide or interferon. The main disadvantage is the need for 
isolationn according to legislation; otherwise, side effects were mild and rapidly reversible. 
Inn addition to the radiotherapeutic effects of  131I-MIBG, the unlabelled compound has 
demonstratedd several biological and pharmacological effects in tumour cell lines (e.g. 
L12100 leukaemia, N1E115 neuroblastoma) and animal models (RIF-1 tumour bearing 
mice).66 The cytotoxic effect of MIBG is related with inhibition of mitochondrial 
respirationn and is dependent on anaerobic glycolysis, resulting in enhanced glucose 
consumption,, increased lactic acid production, inhibition of oxygen consumption and 
decreasedd adenosine triphosphate levels. This tumour-specific effect might also enhance 
thee result of cytostatic drugs, as has been described for alkylating agents such as 
melphalan,, mitomycin C and cisplatinum.7 Encouraged by these findings, we also applied 
thee non-radioactive or unlabelled MIBG in pharmacological doses of 10-40 mg/m2. For 
comparison,, the 1311-labelled compound contains only 5 mg MIBG. Treatment with the 
unlabelledd MIBG proved to be safe and simple: three courses at 4-weeks intervals with a 
4-hourr infusion of increasing doses of MIBG resulted in a significant symptomatic 
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responsee in 60% of 20 patients during 4-5 months. Side effects were mild and of short 
duration:: in 6/20 patients, some changes in blood pressure (hypertension in four and 
hypotensionn in two) were encountered during infusion, which resolved within 20-30 
minutes.. In only one of these six patients, a single dose of an antihypertensive drug was 
needed.. The unlabel led component was studied in patients with a negative scan or in poor 
condition.5 5 

AA third possibility to apply MIBG is provided by the combination of the radioactive 
('hot')) with the unlabelled ('cold') MIBG. In a pilot study of 10 patients with a negative 
MIBGG scan, predosing with unlabelled MIBG lead to improved tumour targeting of the 
radiolabelledd MIBG and hence a positive scan.8 In five of these 10 patients, uptake and 
retentionn in tumour deposits improved significantly. The combined treatment consisting of 
twoo cycles, with 6-week interval, of a 4-hour infusion of unlabelled MIBG (20 mg/m2) 
immediatelyy followed by a 4-hour infusion of 200 mCi  13II-MIB G resulted in long-lasting 
palliationn in four out of 5 patients with some biochemical responses. 
Too demonstrate the spectrum of diagnostic and therapeutic options in patients with 
metastaticc carcinoid and to illustrate the potentially long-lasting response to MIBG 
therapy,, we report three case histories. 
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Patients s 

Patientt  A 

AA woman born in 1951 presented with abdominal pain and a palpable mass in the lower 
abdomenn in August 1992. A diagnosis of ovarian cancer was not confirmed at laparoscopy, 
butt malignant ascites and liver metastases were present. Unexpectedly, a liver biopsy showed 
carcinoidd tumour. In retrospect, she suffered from flushes which she related to pending meno-
pausee despite her young age (41 years), and some diarrhoea for the previous month. The 
diagnosiss of metastatic carcinoid was confirmed by a strongly elevated urinary 5-HIAA 
excretionn (688 umol/24h; normal < 40). Biochemical liver tests were within normal range 
despitee extensive lesions at computed tomography (CT) scan (Figure 1A,B). Subsequently, 
shee was referred to our hospital. An l31I-MIB G scan showed retention in the left liver lobe 
(Figuree 1C). mIn-pentetreotide scintigraphy was also positive (Figure ID). As symptoms 
weree mild, she was treated with unlabelled MIBG according to a phase II trial including three 
cycless of escalating doses (10, 20 and 40 mg/m2 in a 4-hour infusion at 4-week intervals). 
MIBG.. 1/2 H2 SO4 was synthesized from the hydrochloride salt of meta-iodobenzylamine by a 
modifiedd method of Wieland as described earlier5, and originated from EMKA Chemie 
(Neufahrn,, Germany). 

Att the end of the 4-hour infusion of MIBG, the blood pressure rose from 110/65 to 170/105 
mmHg,, accompanied by a feeling of weakness and flushes, which recovered spontaneously 
withinn 30 min. For the second MIBG cycle after 4 weeks, precaution was taken with a 50% 
dosee reduction and premedication of octreotide (lx 200 meg s.c). This time, side effects did 
nott occur. One week later, diarrhoea and flushes disappeared completely and she felt well 
duringg the following 11 months, with no need for additional treatment. The urinary 5-HIAA 
excretionn was stable. 

Inn August 1993, she developed acute abdominal pain due to gastric perforation of a benign 
gastricc ulcer, which was oversewn. The primary carcinoid tumour, which was undetected 
soo far, was present in the ileum and caused some obstruction: therefore, an ileo-ileostomy 
wass performed. The liver metastases as well as peritoneal deposits were unchanged 
comparedd with the findings at laparoscopy one year earlier. 

Afterr an uneventful recovery, she was well for several months, when her condition 
deterioratedd in 6-8 weeks. She suffered from lack of appetite and some diarrhoea, but not 
thee classical features of carcinoid crisis; also oedema, ascites and hypoalbuminaemia 
developed.. To induce a long-lasting response and based on our previous promising results 
inn patients with a positive MIBG-scan to radioactive ,31I-MIBG, she received 200 mCi by 
aa 4-hour infusion. The subsequent improvement was striking: restoration of her condition 
withh disappearance of oedema and she could regain an almost normal life. Urinary 5-
HIAAA excretion dropped from 973 to 221 umol/24h. She remained well for another 8 
monthss without additional medication. 
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Inn November 1994, she then developed malignant ascites and heart failure based on a 
tricuspidd regurgitation. In the absence of diarrhoea and flushes, interferon-a was 
preferred,, because this may induce tumour regression more often than octreotide. 
Interferon-aa (thrice weekly 6 mil s.c.) induced reduction of 5-HIAA excretion (from 1620 
too 1063) but, finally, all attempts failed and she died in June 1995 almost 3 years after the 
initiall  diagnosis of metastatic carcinoid. 
Inn summary, this woman responded well during 2 years with a relatively simple admini-
strationn of MIBG, in either pharmacological doses or the radioactive compound. 

Figuree 1. Two sections of the CT-scan (A & B) show multiple liver metastases in patient 
AA with a carcinoid syndrome and elevated 5-HIAA urinary excretion. The ljl I-MIB G 
scintigraphyy (C) shows retention in the large liver metastasis in the left lobe. The 
octreotidee scintigraphy (D) reveals a hot spot in the left liver lobe, but also normal activity 
inn the kidneys. In addition, two mid-abdominal spots interpreted as lymph node 
metastases s 

AA B 
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Patientt  B 

AA woman born in 1930 presented with diarrhoea and abdominal pain in 1978. Based on a 
smalll  bowel radiography, a diagnosis of Crohn's disease of the terminal ileum was made. 
When,, in 1981, symptoms increased, a small bowel resection was performed. However, at 
pathology,, no signs of Crohn's disease were present, but a carcinoid tumour with 
mesentericc lymph node metastases was found. She was well until 10 years later (1991), 
whenn she again developed abdominal pain, this time accompanied by flushes and fever: 
liverr metastases and stenosis of the small bowel anastomosis were found. She was 
admittedd to our hospital. Radionuclide imaging showed only minimal retention of  131I-
MIBGG in the tumour deposits. After a right hemicolectomy in May 1991, abdominal 
symptomss rapidly decreased. Resection of the liver metastases was technically not 
feasible;; in addition, micro tumour deposits at the peritoneum were present, but without 
ascites. . 

Inn December 1992, flushes were mild, but accompanied by severe left-sided headaches 
andd mild sinus tachycardia. Three cycles of unlabelled MIBG according to the 
aforementionedd phase II trial of escalating doses of 10, 20 and 40 mg/m2 by a 4-hour 
intravenouss infusion at 4-week intervals, resulted in a clear improvement of symptoms 
andd stabilisation of 5-HIAA excretion (from 393 to 334 u.mol/24h) at the cost of no side 
effects.effects. One year later when symptoms reappeared, two more cycles resulted in a similar 
subjectivee improvement and 5-HIAA excretion dropped from 1012 til l 787 umol/24h. 
TwoTwo years later in 1995, her condition deteriorated gradually: diarrhoea as well as fever 
andd malaise, accompanied by a high 5-HIAA urinary excretion (2410 umol/24h). Initially, 
thee 131I-MIB G scan was negative, but following a pharmacological dose of MIBG, 
improvedd tumour targeting resulted in a positive scan (Figure 2A,B). Based on the clear 
retentionn in the liver metastases, she received a therapeutic dose of radioactive MIBG 
(2000 mCi) after predosing with pharmacological MIBG. For this treatment, isolation for 5 
dayss is necessary according to legislation, but side effects did not occur. Two cycles with 
aa 6-week interval resulted in an excellent response (Figure 2C,D) both in symptoms and 
biochemistryy (5-HIAA excretion dropped from 2410 to 614 umol/24h) which lasted 10 
months.. When diarrhoea and flushed recurred, daily octreotide injections (3 x 100 meg) 
weree started with subjective improvement, and a decrease of 5-HIAA excretion from 1050 
too 710 umol/24h occurred. Although symptoms of the carcinoid syndrome itself were 
minimal,, her general condition gradually deteriorated and signs of heart failure developed. 
Fibrosiss of the tricuspid valve, already present at some degree in 1994, had increased 
dramaticallyy in 1996. Eventually, she died in September 1997, 16 years after the initial 
diagnosiss and 6 years from the detection of liver metastases, during which the quality of 
lif ee was excellent with occasional application of MIBG. 

Inn conclusion, the atypical symptoms of fever and headache, as well as the characteristic 
flushess and diarrhoea, responded equally well to MIBG in pharmacological doses and to a 
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radioactivee treatment; with this simple and safe treatment no additional treatment was 
neededd for 3 years. 

Figuree 2. The 13II-MIB G scintigraphy in patient B showing only minimal retention (A) in 
thee liver metastases, but clearly improved tumour targeting (B) following pre-treatment 
withh unlabelled MIBG, revealing at least three 'hot' areas. At the CT-scan before (C) and 
afterr (D) the combined treatment with radioactive and unlabelled MIBG, central necrosis 
appearss as a sign of response 

AA B 

V*I * * 

.. -A».*f. V u ~ ~,r f 

' ' 

D D 

105 5 



ChapterChapter 5.1 

Patientt  C 

AA young woman born in 1957 presented in January 1995 with a 6-month history of 
diarrhoea,, weight loss (4 kg) and flushes. At physical examination, an enlarged liver, a 
cardiacc murmur and a painful subcutaneous nodule in the buttock were found. A clinical 
diagnosiss of carcinoid syndrome was confirmed by histology and an elevated urinary 5-
HIAAA excretion (1665 umol/24h). CT-scan showed extensive liver metastases (Figure 
33 A). In addition, ultrasound of the heart revealed some fibrosis of the tricuspid valve. A 
diagnosticc I-MIBG scan as well as the octreotide scintigraphy were positive. 
Shee was then treated with the unlabelled MIBG according to the aforementioned phase II 
study:: a total of three cycles of increasing doses (10, 20 and 40 mg/m2) at 4-week 
intervalss resulted in clear improvement: fewer flushes and only occasionally diarrhoea, 
withh the need for less loperamide medication. Also, some decrease in 5-HIAA excretion 
wass present (from 1665 to 1495 u.mol/24h). She was well for 4 months. 
Neww symptoms arose due to skeletal metastases in the spine at C5, Th8, LI and L3. Based 
onn I-MIBG imaging revealing improved tumour targeting by pre-treatment with 
unlabelledd MIBG (Figure 3B), she was treated with the combination of  131I-labelled and 
unlabelledd MIBG in May and August 1995. Symptoms of pain improved and 5-HIAA 
excretionn decreased further to 1000 umol/24h. This response lasted for 5 months without 
additionall  treatment. 
Inn January 1996 diarrhoea and flushes recurred, with only minimal increase in 5-HIAA 
excretion.. Symptoms resulted well to daily injections with octreotide (3 x 100 meg s.c): 
diarrhoeaa improved significantly, flushes remained unchanged, and 5-HIAA excretion 
droppedd from 1178 to 670 umol/24h. 
Att the end of 1997, symptoms recurred and the 5-HIAA excretion increased; based on the 
earlierr favourable effect, the patient strongly preferred a repeated radioactive treatment 
withh MIBG, but she felt too weak for the required isolation of 5 days. The octreotide 
treatmentt was then doubled in dose. Nevertheless, her condition deteriorated: two 
epilepticc attacks and other neurological symptoms occurred, due to malignant meningitis, 
whichh was irradiated. 
However,, her neurological condition deteriorated and she died in February 1998, 3 years 
afterr the initial diagnosis. 
Inn summary, in this young woman MIBG treatment resulted in a subjective and 
biochemicall  response for almost 1 year. Although treatment with octreotide was equally 
effective,, she preferred MIBG, when she suffered disease progression while on octreotide 
therapy. . 
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Figuree 3. CT-scan of the liver in patient C revealed extensive carcinoid metastases with 
enlargementt of the left lobe (A). 
Thee corresponding l3lI-MIB G scintigraphy (B) showed some retention initially, but 
significantlyy more so after premedication with unlabelled MIBG. In the middle, the 
findingss during the combined treatment 

AA B 
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Discussion n 

Thee diagnosis of metastatic carcinoid may be difficult as illustrated by the case reports. In 
patientt A, symptoms were mild and not clearly mentioned at presentation; in patient B, 
initiall  diagnosis was Crohn's disease. Only in patient C were symptoms clearly those of 
carcinoidd syndrome. To confirm the diagnosis of metastatic carcinoid, urinary 5-HIAA 
excretionn is pathognomonic. 

Twoo tumour-seeking imaging techniques to detect tumour deposits are of value for 
staging,, but especially for treatment selection, as a positive test predicts clinical response: 
MIBGG and octreotide scintigraphy.4 MIBG can be transported over the cell membrane 
mainlyy by an active uptake mechanism and to a lesser extent through diffusion. In the 
tumourr cell, it is stored in the neuroendocrine granules. When labelled with radioactive 
iodine,, tumour deposits can be detected by total body imaging. 

Inn comparison with the high sensitivity (>90%) and specificity (close to 100%) of MIBG 
scintigraphyy in phaeochromocytoma and neuroblastoma, the cumulative sensitivity of I-
MIBGG imaging in carcinoid is lower (70%). Liver metastases are most frequently and best 
detected.. Because of the normal MIBG uptake in the liver, delayed imaging using the 
l3liodinee rather than the l23iodine label is preferable; furthermore, single photon emission 
tomographyy is preferred. Although pathological scintigrams most often occur in 
associationn with (but also in the absence of) the carcinoid syndrome, no correlation 
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betweenn the scintigraphic results and the urinary excretion of 5-HIAA is found.4 Many 
drugss are known or may be expected to interfere with the uptake and/or retention of  131I-
MIBGG in neurocrest tumours. This may be the cause of a false negative scan. Patients 
shouldd be taken off these drugs prior to MIBG scintigraphy whenever possible. 
Octreotidee (an analogue of somatostatin) scintigraphy is based on a totally different 
mechanism:: the somatostatin analogue, octreotide, labelled with n'-indium (mIn-
pentetreotide)) binds to the somatostatin receptor on the surface of the tumour cell.4 

Cumulativee results of  n 'in-pentetreotide show a high affinity to carcinoid tumours (86%). 
Severall  factors may interfere with the binding of "'in-pentetreotide to the receptor: 
increasedd production of somatostatin by the tumour leading to saturation of the receptors, 
differentt subtypes of somatostatin receptors showing different affinity, and expression of 
receptorr varying with the degree of differentiation of the tumour. Although it has been 
advocatedd to refrain from somatostatin therapy prior to scintigraphy in order not to 
saturatee the receptors, and ultimately to avoid a false negative scan, the opposite of 
increasedd contrast of liver metastases during therapy has also been described. Various 
otherr tumours, however, are also positive, thereby limiting the specificity of a positive 
scintigram. . 

Thee experience with a combination of the two techniques is limited, but our own 
observationss in a group of 20 patients revealed a sensitivity of 95% using the combination 
off  both techniques.9 A French study in 31 patients confirmed these findings.10 In patient 
A,, tumour sites were detected by 131I-MIB G as well as n i In-pentetreotide scintigraphy, 
butt In-pentetreotide scintigraphy detected two mid-abdominal sites that were negative 
withh the I-MIBG scan and were interpreted as lymph node metastases rather than the 
primaryy tumour. Almost 1 year after the diagnosis, the primary tumour was found in the 
distall  ileum by coincidence during laparotomy because of a perforated benign gastric 
ulcer. . 

Ass the carcinoid syndrome is usually due to diffuse liver metastases, curative or palliative 
surgicall  resection is often not possible. The main goal of treatment is palliative: 
improvementt of symptoms and quality of life. When the l31I-MIB G scintigraphy (1 
mCH377 mBq) shows significant tumour uptake, treatment with a higher dose (200 
mCi=7.44 GBq) 131I-MIB G may offer long-lasting symptomatic relief in 60% of patients. 
Inn case the '31 I-MIBG scan shows faint tumour uptake, unlabelled MIBG might still be 
effective.. A pharmacological dose of 10-40 mg/m2 (compared with 1 mg for the 
diagnosticc imaging dose and 5 mg for the 131I-MIB G treatment dose) may alleviate 
symptoms.. As aforementioned, the presumed mode of action is specific tumour 
acidificationn or providing a false neurotransmitter. The radiolabelled MIBG acts as an 
internall  radiation source. The median duration of response with 13!I-MIB G is much longer, 
88 months compared to 4.5 months with unlabelled MIBG. In general, MIBG treatment is 
welll  tolerated. The main disadvantage of radioactive labelled MIBG is the need for isolati-
onn of the patient based on legislation, while unlabelled MIBG is safe and simple with only 
minor,, short-lasting changes in blood pressure.5 In our patients, both the 131I-MIB G and 
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thee inIn-pentetreotide scintigraphy were positive. Patient A experienced an excellent 
responsee to radioactive MIBG. Patient B repeatedly responded very well to the simple 
infusionn of unlabelled MIBG. Later on, a rather new approach was applied in patients A 
andd C: unlabelled MIBG immediately followed by infusion of radioactive MIBG. This 
predosingg technique resulted in an improved tumour targeting: more retention in tumour 
depositss and less in the normal tissues. Preliminary data showed improvement of 
tumour/non-tumourr ratio of the radiopharmacon in 5/10 patients, making radioactive 
treatmentt a possibility in five cases, and resulted in long-lasting response in four of them.8 

Subsequently,, in an extended series, improved targeting was present in 17/24 patients. 
Att present, the somatostatin analogue octreotide is considered by many physicians to be 
thee first choice of treatment. A positive ' ' ' In-pentetreotide scintigram may be indicative 
forr a clinical response to treatment with somatostatin analogues.1 Octreotide can induce 
symptomaticc improvement in about 80% of patients, although a good clinical response is 
nott always reflected by a reduction of 5-HIAA excretion in urine, as biochemical response 
iss present in 70%.I2"14 A major disadvantage is the need for subcutaneous injections twice 
(orr sometimes thrice) daily. This drawback may be overcome by new slow-release 
preparationss (one intramuscular injection per 2-4 weeks).15 Our patients were reluctant to 
startt this treatment, as they presented with only mild symptoms. Therefore, we treated 
themm with the unlabelled MIBG. During follow-up, octreotide was initiated in patient B 
andd C, resulting in symptomatic improvement and some decrease of 5-HIAA excretion. 
Nowadays,, wide experience15"18 with interferon is also promising as a palliative treatment 
ass reported by the Scandinavian group2, but despite a biochemical response in our patients 
BB and C, a symptomatic effect was not seen. 

Althoughh metastatic carcinoid is a slowly growing malignancy, the concomitant symptoms 
off  hormone production can make it a complicated disease. After an era of monotherapy, 
combinationn therapy has now been tested, e.g. interferon plus octreotide19 or combinations 
withh chemotherapy.20'23 Currently, the combination of interferon and MIBG is under 
investigation. . 
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ReplyReply to: 

""  I- MIBG radionuclide therapy is safe and cost-effective in the 
controlcontrol of symptoms of the carcinoid syndrome" 

(Pathirana(Pathirana et al., EJSO 2001; 27: 404-408) 

Inn the June issue of the European Journal of Surgical Oncology, Pathirana et al. describe 
,3II-MIB GG radionuclide therapy as a safe and cost-effective approach in the palliative 
treatmentt of carcinoid syndrome in 13 patients.1 These findings are in line with our 
experiencee as initially reported in 1996 in a series of 20 patients.2 

Selectionn of patients is based on positive 131I-MIB G scintigraphy as retention in the 
tumourr deposits is needed for local radiation exposure. Although a majority of patients 
havee a positive scan, 30% show only faint retention in liver metastases and are thus not 
candidatess for the radioactive treatment. 
Wee would like to draw attention to a method that achieved changes in biodistribution 
resultingg in increased retention in tumour tissue and reduction in background activity. This 
enhancementt of biodistribution can increase the number of patients eligible for the 
radioactivee treatment. 

Duringg treatment with the unlabelled compound we observed that negative 13II-MIB G 
scintigraphyy could change markedly into a positive scan. The unlabelled MIBG was 
administeredd in pharmacological doses according to a phase II trial, on the basis of the in 
vitrovitro anti-tumour effect indicated by reduced mitochondrial respiration.3 

Wee evaluated the effect of predosing with non-radiolabelled MIBG in carcinoid patients 
withh a negative scan. 2;4;5 In 21 out of 24 patients, the biodistribution resulted in an 
improvedd tumounnon-tumour ratio. 5 Among 10 cases with an initially weak retention in 
thee liver metastases, pre-treatment with non-radiolabelled MIBG resulted in a positive 
scann in six patients. Five of them were subsequently treated with the combination of 
labelledd and non-labelled MIBG.3 Severe toxicity did not occur. Long-lasting symptomatic 
improvementt occurred in all, and in three this was accompanied by a biochemical partial 
remissionn (reduction of 5-HIAA excretion of more than 50%) during approximately one 
year.. Improvement in biodistribution was also found in similar predosing experiments in 
carcinoidd xenografted mice.2 

Thee unlabelled MIBG is safe and simple to apply in 4-hour infusion in dosages of 10-20 
mg/m2;; it is also relatively cheap compared with the radioactive compound. In conclusion, 
moree patients may qualify for the 131I-MIB G treatment as a result of pre-dosing with 
unlabelledd MIIBG. 
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Abstract t 

Background::  Interferon (IFN) and meta-iodobenzylguanidine (MIBG) are active in 
metastaticc carcinoid. In a phase II study we evaluated the effect upon diagnostic 13,I -
MIBGG uptake and the clinical response of the combination. 

Methods::  131I-MIB G scintigraphy was performed prior to treatment, after 8 weeks of 
interferonn and after unlabelled MIBG. The tumour over non-tumour (T/NT) ratios were 
quantitativelyy determined by comparing counts in the centre of the tumour (liver 
metastases)) with those in an adjacent area of normal liver uptake (T/NT1) and with 
abdominall  background area (T/NT2). 

Results::  T/NT1 ratio showed an increase of >10% in only 4 out of 21 patients (19%) after 
IFNN (p=0.178) and significantly more often in 9/18 patients (50%) after unlabelled MIBG 
(p=0.016).. The absolute uptake in tumour deposits was also increased if compared with 
thee abdominal background (T/NT2: 23% increase after IFN and 83% increase after 
unlabelledd MIBG). The combination showed 91% stable disease (using the WHO criteria) 
att CT-scan and biochemical response (a reduction of at least 50% in urinary 5-HIAA 
excretion)) in 39%. 

Conclusion::  Interferon-a did not significantly improve tumour retention of  131I-MIBG. In 
contrast,, unlabelled MIBG significantly improved biodistribution and tumour uptake in 
83%.. A synergistic effect was not seen. 
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Introductio n n 

Carcinoidd tumours are neuroendocrine tumours associated with the synthesis and secretion 
off  biological active substances that can induce characteristic symptoms of the carcinoid 
syndromee (flushing, diarrhoea and wheezing). Metastatic disease at diagnosis is found in 
22%,, and largely dependent on the primary localisation: appendix 1.5%, lung 4.8% and 
smalll  and large bowel localisations 28% (excluding appendix and rectum).1 Various 
treatmentt strategies have been recommended, mainly aimed at amelioration of the 
incapacitatingg symptoms.2;3 Surgery is indicated for the primary tumour in case of 
obstruction.. In metastatic disease of the liver, palliative resection may be of value, but is 
usuallyy not feasible due to diffuse involvement of both liver lobes. For medical treatment, 
somatostatinn analogues and/or interferon-a (IFN) formulations are employed by many 
clinicians,, as biochemical and subjective responses are observed in 70% and 80% 
respectivelyy for somatostatin analogues4, and 40% and 70% respectively for interferon-a 
formulations.55 Pharmacological doses of meta-iodobenzylguanidine (MIBG) resulted in 
symptomaticc improvement in 60% of the carcinoid patients.6 The cytotoxic effect of 
MIBGG is related with inhibition of mitochondrial respiration and is dependent on 
anaerobicc glycolysis, resulting in enhanced glucose consumption, increased lactic acid 
production,, inhibition of oxygen consumption and decreased adenosine triphosphate 
levels.77 Another possibility is treatment with radio-labelled MIBG, based on a positive 
scintigraphyy which leads to long-term palliation in 60% of patients. Although reduction in 
tumourr growth is rarely reported, stable disease is described in a substantial part of the 
patients.. ' "n Worldwide experience with 131I-MIB G diagnostic imaging has indicated a 
cumulativee sensitivity of 70% in 237 patients with carcinoid tumours.12 Predosing with 
unlabelledd MIBG resulted in improved tumour targeting, biochemical response and hence 
prolongedd palliation. ' Carcinoids are known to take up amino-acid precursors for the 
endogenouss production of serotonin. Recent reports suggest a role of vesicular monoamine 
transporterss (VMAT's) in this uptake.1415 Pre-treatment with unlabelled MIBG can give a 
saturationn of normal tissues with a preferential binding of the radioactive labelled MIBG 
too carcinoid tumour cells. Another option to increase MIBG tumour targeting might be the 
pre-treatmentt with interferon-a. This assumption is based on the laboratory findings of an 
improvedd uptake of  125I-MIB G following interferon-y administration in neuroblastoma cell 
lines.. This phenomenon was based on de-novo synthesis of MIBG receptor transporters.16 

Althoughh interferon-a is different from interferon-y, differentiation of carcinoid tumour 
cellss with the application of interferon-a is described with good clinical results.17 It was 
hypothesizedd that the combination of two active treatment modalities (interferon and 
MIBG)) may lead to an additive or even synergistic effect. 

Inn the currently presented phase II study we examined the effect of interferon-a upon 
diagnosticc 13II-MIB G uptake by carcinoid tumours, and whether the clinical response, 
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includingg quality of life, to interferon-a therapy was improved by MIBG. In addition 
interferon-aa antibody formation was evaluated for influencing therapy results. 

Patientss and methods 

Patients Patients 

Patientss referred to our hospital between October 1996 and December 1998, with 
metastaticc carcinoid tumours, a WHO performance status 0-2, normal blood cell counts 
andd renal function were eligible. Twenty-six consecutive patients (18 men and 8 women) 
enteredd the study (Table 1). All patients had metastatic, well-differentiated 
neuroendocrinee tumours, originating from the distal ileum-coecum (n=6), the lungs (n=5), 
thee stomach (n=l) or with an unknown primary site (n=14). Median age was 63 years 
(range:: 41-77). In 23 patients the diagnosis neuroendocrine tumour was confirmed by 
histology.. In 2 patients fine needle aspiration led to the diagnosis; one patient refused a 
biopsyy and the diagnosis was based on strongly elevated 5-hydroxyindoleacetic acid (5-
HIAA )) excretion and symptoms. Three patients had normal urinary 5-HIAA excretions; 
mediann pre-treatment urinary 5-HIAA excretion in the 23 secretors was 503 umol/24h 
(normall  < 40 |imol/24h). Twenty-two patients (85%) suffered from the carcinoid 
syndromee with diarrhoea and/or flushes at the time of enrollment. Fifteen patients had 
complaints,, related to tumour size or localisation. Median duration of symptoms before 
startt of treatment was 7 months (range: 0-94 months). In 11 patients the indication for 
enrollmentt was progression under systemic therapy and in two after prior surgery; the 
remainingg patients were not pre-treated. Four patients received prior treatment with 
unlabelledd as well as 131I-MIBG; the interval was at least 2.5 years. The study was 
approvedd by the local medical ethical committee and written informed consent was given 
byy all patients. 

Treatment Treatment 
Treatmentt started with interferon-a 2a (Roferon®), 6 million IU thrice weekly s.c. After 8 
weeks,, unlabelled MIBG was added in three cycles of increasing doses (10, 20 and 40 
mg/m2)) in a 4-hour infusion every 4 weeks as described earlier.6 Subsequently, patients 
withh a positive 131I-MIB G scan received two therapeutic doses of (7.4 GBq) 131I-MIB G 
administeredd during a hospital stay.6 IFN-a 2a therapy was continued for 6 months, and 
onlyy stopped if serious side effects persisted, or in case of progressive disease. During this 
study,, ten patients were treated with somatostatin analogues which was continued in a 
stablee dosage. 
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Methods Methods 
Thee effect of interferon-a upon 131I-MIB G tumour uptake was evaluated by comparing 
131I-MIB GG scans prior to and after 8 weeks treatment. Subsequently, the effect of 
unlabelledd MIBG was evaluated by the 131I-MIB G scan directly following the infusion of 
unlabelledd MIBG. The tumour over non-tumour (T/NT) ratio was quantitatively 
determinedd by comparing counts in the centre of the tumour (liver metastases) with those 
inn an adjacent area of normal liver uptake (T/NT1) and with abdominal background area 
(T/NT2)) as described earlier.18 In case of extra hepatic tumour localisation the T/NT3 
ratioratio was calculated by comparing this particular localisation with the abdominal 
background.. A 10% increase in biodistribution was considered a clinical important 
difference. . 
CT-scanss were performed before start, after 8 weeks of interferon treatment, after the third 
coursee of unlabelled MIBG and after the last course of  131I-MIBG. CT-scans were 
systematicallyy reviewed without the clinical information to classify the liver metastases 
intoo two categories: nodular and diffuse. Objective responses by tumour size were 
assessedd using the WHO criteria. Complete response (CR): disappearance of all target 
lesions,, partial response (PR): >50% decrease of bi-dimensionally measured diameters, 
progressivee disease (PD): >25% increase in size of measurable lesions or appearance of a 
neww lesion, stable disease (SD): neither PD nor PR. A biochemical response was defined 
ass a reduction of at least 50% in urinary 5-HIAA excretion. Adverse effects were scored, 
usingg the common toxicity criteria (CTC). 

IFN-aa 2a antibody concentrations before and after at least 4 months of IFN therapy were 
analysedd using an enzyme immuno assay (EIA) method.19 An antibody titre rise was 
consideredd significant if the post-IFN value exceeded the 95th percentile of the groups' 
pre-IFNN values, and the rise was at least 50% of the pre-IFN value. 

Thee effect on quality of life was measured with the EORTC Quality of life questionnaire 
QLQ-C30.20;211 Questions were added to evaluate the specific carcinoid symptoms such as 
flushess and abdominal cramps and the specific side effects of interferon such as chills and 
musclee pain. All scores were linearly converted to a 0 to 100 scale. For the functional and 
globall  health status/quality of life scales, higher scores represent a better level of 
functioning.. For the symptom scales, higher scores represent a greater degree of 
symptoms.. The CES-D (Center for Epidemiologic Studies depression scale) list of 20 
itemss was included to measure depression.22 A score of 16 or more indicated 
depression.23;244 Finally, the symptoms as noted by the physician in the medical record 
weree evaluated. According to these findings patients were divided into four groups based 
onn the predominant symptoms: A. patients with the characteristic carcinoid syndrome of 
flushing,, diarrhoea and/or wheezing; B. patients with systemic symptoms such as fever, 
anorexia,, sweating and/or fatigue; C. patients with abdominal pain; D. patients without 
symptoms.. These main symptoms were considered improved if the patient experienced a 

121 1 



ChapterChapter 6 

clearr reduction (e.g. weight gain or >50% less additional medication) or disappearance in 
symptoms,, and progression in case of deterioration. Survival and time to progression 
(TTP)) were measured from start of treatment. TTP was defined as the number of months 
betweenn start of IFN and a change in therapeutic regimen because of progression. 

Statistics Statistics 

Forr statistical analysis the two-sided, paired T-test was applied with a p-value of 0.05 as 
levell  of significance. Survival curves were constructed using the Kaplan-Meier method 
andd compared using a log-rank test. Categorical differences between groups were 
comparedd using Fishers' exact test. For all calculations SPSS 10.0 was used. 

Tablee 1. Clinical characteristics of patients 

Totall  group of patients 
Sex x 
Male e 
Female e 
Agee (years) 
Mediann (range) 
Primar yy site 
Distall  ileum - coecum 
Lung g 
Stomach h 
Unknown n 
Therapyy (number  of patients) 
None e 
Somatostatinn analogues 
Interferon-aa 2a 
MIB GG (> 2.5 years before study) 
13II-MIB GG (> 2.5 years before study) 
Chemotherapy y 
Radiotherapyy (skin metastases) 
Duratio nn of symptoms before start study (months) 
Mediann (range) 
Predominantt  symptoms 
Fever/weightt loss/sweating/fatigue 
Carcinoidd syndrome 
Abdominall  pain (unrelated to carcinoid 
None e 
Indicatio nn for  start protocol 
First-linee therapy 
Progressionn under therapy 

syndrome) ) 

Urinar yy 5-HIA A excretion (pmol/24h) at start study 
<ULNN (n=3) median (range) 
>ULNN (n=23) median (range) 

26 6 

18 8 
8 8 

63(41-77) ) 

6 6 
5 5 
1 1 
14 4 

14 4 
10 0 
0 0 
4 4 
5 5 
2 2 
1 1 

7(0-94) ) 

8 8 
14 4 
3 3 
1 1 

13 3 
13 3 

233 (21-34) 
503(130-3131) ) 

MIBG:: meta-iodobenzylguanidine 
5-HIAA:: urinary 5-hydroxyindoleacetic acid (normal < 40jimol/24h) 
ULN:: upper limit of normal 
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Results s 

ProtocolProtocol evaluation 
Twenty-threee patients completed the first 8 weeks of IFN therapy. Three patients stopped 
withinn 8 weeks due to clinical progression. 
Twentyy patients were able to complete the full-course of three MIBG cycles and reached 
follow-upp at 21 weeks. Two patients were progressive between the first and the second 
giftt of MIBG. In one patient the third treatment with MIBG was not administered as the 
previouss two failed to reach symptom relief. 
Amongg the twenty patients who reached week 21, seven patients received 2 cycles of 7.4 
GBqq l31I-MIB G and fully completed the protocol. Seven patients received only one cycle 
off  131I-MIBG: two patients due to progressive disease, two patients based on 
thrombocytopenia,, one patient pre-treated with ,3II-MIB G reached his cumulative 
maximall  radiation dose, and in two patients a temporary drop in WHO performance status 
preventedd further ,31I-MIB G infusion. Six patients were not given ,31I-MIB G as their 131I-
MIBGG scan was negative, but they continued interferon-oc as planned. 

Responses,Responses, time to progression, survival, adverse effects 
Inn 22 patients (85%) the tumour lesions remained stable at evaluation of the CT-scan after 
88 weeks of treatment with IFN, in one there was PD. In addition, three patients were 
rapidlyy progressive in terms of symptoms and 5-HIAA excretion and follow-up CT-scan 
wass not performed. In one patient with no change at prior chemotherapy the primary 
tumourr showed PR, while the liver metastases remained stable. At 21 weeks, after 3 
coursess of unlabelled MIBG, two additional patients were clinically progressive and no 
follow-upp CT-scans were performed. The remaining 20 patients (91%) showed SD. At 34 
weeks,, after 2 courses of  ,31I-MIBG, 2/20 patients were clinically progressive and a 
follow-upp CT-scan was not available. One had PD, and 17 had SD. Therefore, none of the 
patientss had a PR, defined by CT-criteria, and after 34 weeks, 17/26 (65%) patients had 
SD. . 

Biochemicall  evaluation with urinary 5-HIAA excretion: after 8 weeks of IFN therapy, in 8 
outt of 23 (35%) patients with elevated urinary 5-HIAA values a PR was reached. At 21 
weeks,, one additional patient reached a PR, who previously showed SD. The protocol 
resultedd in an overall best response rate (according to the 5-HIAA excretion) of 39%. 
Thee tumour over normal liver tissue T/NT1 ratio of the 131I-MIB G retention showed a 10% 
increasee in only 4 out of 21 patients (19%) after interferon treatment, while this was the 
casee in 9/18 patients (50%) after unlabelled MIBG (Table 2). Using the tumour over 
abdominall  background ratio (T/NT2) these figures were even more pronounced: 23% after 
interferonn and 83% after unlabelled MIBG (Figure 1). This improved biodistribution was 
nott merely based on a decrease in background activity in the liver, but the absolute uptake 
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inn tumour deposits was increased if compared with the abdominal background. Extra 
hepaticc tumour localisation was present in only 7 patients and the T/NT3 ratio showed 
similarr effect after interferon and MIBG with 23% and 83% respectively. Overall, the 
changess after interferon treatment were not statistically significant (p=0.178). In contrast, 
afterr treatment with unlabelled MIBG a significant (p=0.016) increase was found. 

Figuree T. I-MIBG scintigraphy before (pre-interferon) and after (post-interferon) 
treatmentt with interferon (IFN) and after treatment with unlabelled MIBG (after cold 
MIBG).. Uptake in liver metastases compared with normal liver tissue (T/NT1) and lung 
metastasess compared with abdominal background (T/NT3) shows a minimal increase after 
IFNN of respectively 7% and 3%. After application of unlabelled MIBG, uptake in both 
localisationn was increased by 31% and 69% respectively 

Pre-interfero n n Post-interfero n n afte rr  col d MIB G 

posterio r r 

T/N TT live r  1.46 ,  lun g 3.4 3 T/HTT live r  1.S6 ,  lun g 3.5 4 T/N T live r  2.05 ,  lun g 5.9 9 
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Thee median time to progression (TTP) was 9 months and after 18 months 90% of the 
patientss had progressive disease. Median overall survival (Figure 2) from the start of the 
presentt treatment protocol was 27 months, while the five-year survival was 33%. In 
patientss with an increased tumour retention at ' 'l-MIBG scintigraphy after interferon, 
survivall  was comparable (p=0.89) to the others (median 32 vs. 38 months). Neither was 
theree a difference in survival (p=0.8O) for patients with increased tumour retention 
inducedd by unlabelled MIBG (n=9). The presence of diffuse versus nodular liver 
metastasess did not result in a difference in survival. However, in pre-treated patients 
survivall  tended (p=0.20) to be shorter compared with not-pre-treated cases (18 vs. 37 
months). . 
Interferonn related toxicity was mild and transient: nine patients suffered from transient 
influenza-likee symptoms and eight from fatigue. Severe toxicity was seen in one patient 
sufferingg from grade III hypertension during unlabelled MIBG infusion and in one patient 
sufferingg from grade III thrombocytopenia after l31I-MIB G infusion. One patient 
developedd a carcinoid crisis, following 
reversiblee and there were no toxic deaths. 

I-MIBGG infusion. All side effects were 

Figuree 2. Survival and time to progression (TTP). Median time to progression was 9 
months,, median survival was 27 months with a five-year survival of 33%. Eight patients 
weree still alive during last follow-up 

Monthss after start 
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AntibodiesAntibodies against recombinant human IFN-a 2a and time to progression 

AA second blood sample used for IFN-a antibody titre determination, taken 4-6 months 

afterr the start of the interferon treatment, was available in 19 patients with a median time 

off  IFN treatment of 6.5 months (range: 4.1-9.2). Six of these 19 patients (32%) developed 

aa rise in antibody titre. Patient characteristics, including gender, age, primary site, 

previouss therapies, urinary 5-HIAA values and the disease duration at the start of the 

protocoll  were not significantly different between patients with and without development 

off  antibodies. A difference in response and time to progression was not found, but overall 

survivall  (Figure 3) was significantly better in patients without antibody formation 

(p=0.04). . 

Figur ee 3. Time to progression according to the development of an IFN-a 2a titre rise after 

att least 3 months of IFN-a 2a treatment. In 6/19 patients (32%) a rise in antibodies was 

observed.. Difference in response and TTP were not found. Overall survival was 

significantlyy better in patients without antibody formation (p=0.04) 

Noo rise in anti-body titre against IFN-a 2a after 
>3monthss IFN treatment (n=13). 

p== 0.04 

Risee in anti-body titre against IFN-a 2a after 
>3monthss IFN treatment (n=6). 

Monthss after start 
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InterferonInterferon and MIBG combinations in metastatic carcinoid 

Symptoms,Symptoms, Quality of life and depression 
Ass summarized in Table 3 quality of life measurement at week 8, the effect of interferon 
monotherapy,, did not show significant changes in the five functioning scales. Among the 
additionall  single symptom items flushes and worries about disease progression diminished 
statisticallyy significant. At week 21, the effect of unlabelled MIBG added to the 
interferon,, appetite deteriorated gradually over time, but this difference was not 
significantt (p=0.083). Abdominal pain increased in the first eight weeks and then returned 
too the baseline in the subsequent weeks during MIBG treatment. 

Byy comparing patients with predominantly carcinoid symptoms (n=14) with patients 
complainingg from other systemic symptoms like fever, severe anorexia and sweating 
(n=8),, tumour complaints showed differences in response on IFN and MIBG treatment. 
Halff  of the patients (50%) with carcinoid syndrome reported improvement after 8 weeks 
interferonn compared with 4/14 (29%) following unlabelled MIBG (p=0.3). Similarly, 3/8 
(38%)) patients with systemic symptoms mentioned improvement by interferon, but they 
didd better after unlabelled MIBG with a response in 6/8 (75%) (p=0.14). Overall, after 
MIBGG treatment patients with systemic symptoms responded significantly better on MIBG 
treatmentt compared with patients with carcinoid syndrome (p=0.04). 

Discussion n 

Interferon-aa formulations are well known for their therapeutic effect in metastatic 
carcinoidd disease: subjective responses can be achieved in up to 70% of patients, 
biochemicall  responses are observed in 40-50%.2;5 A measurable tumour reduction, 
however,, is only occasionally reported. The anti-proliferative effect of interferon-a has, at 
leastt in part, been ascribed to a delay in the S-G2/M phase transit.25 In line with the 
literature,, the present study showed a biochemical response rate of 35% with interferon-a 
2aa monotherapy, in one patient the primary tumour showed a PR, while the liver 
metastasess remained stable. Side effects were mild and limited to influenza-like symptoms 
andd sometimes fatigue, both well responsive to paracetamol. 

Inn 32% of our patients neutralizing antibodies were detected during follow-up. The 
responsee to the treatment protocol and the time to progression were not different, although 
thee overall survival was worse in the presence of antibodies. However, the role of these 
antibodiess is controversial as the presence of these antibodies is probably not related to the 
responsee to interferon administration, at least in patients with hepatitis B.26 This was 
confirmedd in a more recent paper of patients with hepatitis C treated with interferon.27 In a 
studyy among 327 carcinoid patients those with a high titre of antibodies lost the response 
too treatment, but this phenomenon occurred late in the disease after a median of 25 
months.28 8 

Thee second step in our treatment protocol was the administration of unlabelled MIBG, 
whichh cytotoxic effect is related to inhibition of mitochondrial respiration. In a prior series 
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off  20 carcinoid patients, 3 cycles of unlabelled MIBG resulted in a good palliative effect 
inn 60%.6 Apart from combining two active treatment modalities, we hypothesized that 
interferon-aa might induce differentiation of tumour cells, leading to facilitation of MIBG 
transportt and uptake, and hence improved clinical results. This was based on the in vitro 
resultss of interferon-y in a neuroblastoma cell-line.16 As differentiation might occur with 
interferon-aa as well after some time in vivo17, we choose a period of two months 
treatmentt of interferon-a. 

AA favourable effect upon biodistribution (>10% increase) at the 131I-MIB G scintigraphy 
wass seen in only 19% of the patients. Overall, interferon did not affect significantly the 
MIBGG uptake in carcinoid patients. This might be explained by a different effect of 
interferon-aa compared with interferon-y as used in the cell line model, or a different 
reactionn of the carcinoid tumour cells compared with the neuroblastoma cells. Another 
explanationn that the duration of treatment (8 weeks) to induce cell differentiation might 
havee been to short, seems unlikely. However, significant increase in biodistribution and 
tumourr uptake was induced by unlabelled MIBG given directly prior to the 13!I-MIB G 
scintigraphyy in 83%. 

Thee combination of MIBG and interferon was well tolerated, and in only one patient a 
transientt rise in blood pressure was seen as an adverse effect. Unfortunately, the addition 
off  MIBG to interferon resulted in only one more response leading to an overall response 
ratee of 39%. 

Qualityy of life measurements of the five functioning scales as well as global health 
showedd no significant improvement. However, among the single item scores flushes and 
worriess about disease progression improved significantly. The only other study dealing 
withh quality of life evaluation in relation to treatment is the paper of Wymenga et al.21, in 
whichh the somatostatin analogue lanreotide resulted in an early, but temporary 
improvementt of emotional and cognitive functioning, as well as the global health scale. 
Ass serotonin is involved in the aetiology of depression and depression is one of the 
possiblee side effects of IFN, we also applied questionnaires to measure symptoms of 
depression.. However, clinically important depression was not seen before start and did not 
developp during the treatment. These findings are in line with the report among 24 
carcinoidd patients in Sweden in whom a low level of anxiety and depression was found 
duringg a year of follow-up.29 

Too study the symptoms in a different manner we also divided the patients in two groups 
basedd on the predominant symptoms. Patients with the carcinoid syndrome mentioned an 
additionall  improvement by unlabelled MIBG in 29%, and in case of systemic symptoms 
suchh as fever, anorexia and fatigue in 75%. Compared with a 60% response rate as a 
singlee agent6, the combination of unlabelled MIBG with interferon is probably not more 
effective. . 

Thee final step in the protocol consisted of radioactive MIBG as an adjunct to interferon 
treatmentt in case of a positive scintigraphy, to provide a local irradiation dose. In the 
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presentt study 14 patients received at least one cycle resulting in one PR. ,31I-MIB G has 
beenn shown to induce long-term palliative effect in 60% of patients with metastatic 
carcinoidd tumours described earlier by our group.6'11 Mukherjee et al. reported similar 
favourablee results with a subjective response in 11 of 18 (73%) patients.10 In another study 
includingg several types of neuroendocrine tumours9, a subjective response rate of 83% was 
reportedd in the subgroup of 10 patients with carcinoid tumours, following only one cycle 
of13lI-MIBG . . 

Sidee effects of the radioactive MIBG were not increased by the concomitant use of 
interferonn and were still limited to nausea and vomiting in a small minority of patients. 
Thee treatment with radiolabelled MIBG is only given to patients with a positive MIBG 
scintigraphy.. To be able to select more patients for this treatment, we could improve 
resultss by pre-treatment with unlabelled MIBG as described earlier." In the present study 
long-termm pre-treatment of interferon did not show such a favourable effect. 
Inn conclusion, interferon-a results are comparable to the literature. Although an increased 
uptakee of  l31I-MIB G was seen in 19% the increased clinical response rate to combined 
treatmentt with both unlabelled and 131I-labelled MIBG was disappointing and restricted to 
patientss with the carcinoid syndrome or other systemic symptoms. 
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Abstract t 

Background::  Hepatic metastases of carcinoid tumours cause incapacitating symptoms, 
butt are usually diffuse and therefore unresectable. In this paper we evaluate our 
experiencee with local treatment techniques in the management of carcinoid patients with 
hepaticc metastases and failing systemic treatment. 

Methods::  Fifteen consecutive carcinoid patients (11 men and 4 women; median age 60 
years;; range 45-71 years) were treated with either hepatic artery embolisation (HAE) with 
Ivalonn particles or radiofrequency ablation (RFA) (percutaneously or intra-operatively). 
Follow-upp for evaluation was performed by CT-scan and 24-hours urinary 5-
hydroxyindoleaceticc acid (5-HIAA) excretions. 

Results::  A total of 17 HAE's was performed in 13 patients, while 10 lesions in 3 patients 
weree treated with RFA. Median follow-up was 12,5 months (2-25 months). Median 
durationn of symptoms was 22 months (8-193 months). Median overall decrease of 5-
HIAAA excretion 2 months after HAE was 32% with tumour regression on CT-scan in 4 
patientss (30%) and improvement of symptoms with a median duration of 15 months in 3 
off  them (23%). Embolisation led to fatal hepatic failure in one patient. The 3 patients 
treatedd with RFA showed a decrease of urinary 5-HIAA values of 34, 81 and 93% 
respectively,, with tumour regression in all of them. Improvement of symptoms was 
reportedd in 2 patients up to 25 months. 

Conclusion::  Liver embolisation performed late in the clinical course had limited effect on 
symptomss and biochemical and radiological parameters. First experiences with RFA are 
favourablee and might encourage to apply RFA more widely in metastatic carcinoid. 
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Introductio n n 

Carcinoidd tumours are derived from neuroendocrine cells and are usually slowly growing 
malignantt tumours with distinct morphological characteristics. Most frequently carcinoids 
aree located in the appendix and ileum, but they are also known to arise from other sites, 
suchh as the bronchus and pancreas. The carcinoid syndrome is mostly due to hepatic 
metastasess with the release of hormones, such as serotonin, directly into the systemic 
circulationn and is characterised by symptoms of flushing, diarrhoea and wheezing. 
Eventuallyy right-sided heart valve fibrosis may develop. 

Theree are several treatment options in metastatic disease. A multidisciplinary approach is 
advocated,, in which gastroenterologists, medical oncologists and surgeons all have a role. 
Systemicc treatment is aiming at symptomatic improvement and reduction of hormonal 
secretion.. Somatostatin analogues, interferon-alpha and application of meta-
iodobenzylguanidinee (MIBG), pharmacological or combined with radioactive MIBG, can 
resultt in long-lasting palliation.2"6 However, tumour reduction is only occasionally 
describedd with these treatment modalities and as tumour load increases, symptomatic 
treatmentt gradually fails. 

Locall  treatment of hepatic metastases of carcinoid is attractive because of the slow and 
localisedd growth pattern. When metastases are restricted to one lobe of the liver a 
hemihepatectomyy or segmental resection is advocated. Unfortunately, the metastases are 
oftenn multiple and diffuse and therefore resection is usually impossible. If feasible, 
hepaticc resection can be performed safely and provides effective palliation with 
considerablee duration.7 

Anotherr local treatment option is hepatic artery embolisation (HAE), which not only may 
amelioratee symptoms but also might reduce tumour burden. An objective biochemical 
responsee of up to 52% and a median duration of effect of 12 months has been reported in 
casess of failing systemic therapy.8 Reports on chemoembolisation show a slightly better 
biochemicall  response and tumour response. 

Althoughh radiofrequency ablation (RFA) is a fairly new technique, various studies have 
demonstratedd its effectiveness in the treatment of unresectable hepatocellular carcinomas 
andd hepatic metastases of colon carcinoma.10;11 Previous reports on RFA of hepatic 
carcinoidd metastases are limited to case reports and small series but have indicated good 
locall  tumour control and acceptable morbidity.8'1 

Besidess our experience in HAE, we have recently introduced the use of RFA in carcinoid 
patients.. In this paper we describe our experience of local treatment techniques in our 
institutionall  series of unresectable hepatic metastases of carcinoids and failing systemic 
therapy. . 
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Patientss and methods 

Patients Patients 

Amongg 46 patients with carcinoid syndrome treated in the Netherlands Cancer 
Institute/Antonii  van Leeuwenhoek Hospital between January 2000 and June 2002 we 
evaluatedd the data of all patients (n=15) who were treated with either HAE or RFA. All 
patientss had multiple hepatic metastases not amenable for resection and systemic 
treatmentt could no longer ameliorate symptoms. Before treatment CT-scans were 
performedd and urinary 5-hydroxyindoleacetic acid (5-HIAA) excretion was measured. 

EmbolizationEmbolization and RFA 

Thee radiographic procedure was started with a diagnostic arteriography of the celiac axis 
andd the superior mesenteric artery using the Seldinger technique to assess arterial 
anatomy.. The portal vein patency was assessed on a pre-embolisation CT-scan. Thereafter 
selectivee catheterisation was performed of the arterial supply of the right (segment 5-8) or 
leftt (segment 2-4) lobe pending on localisation of the largest metastatic area. Ivalon 
particless 150-6001̂ in polyvinyl alcohol mixed with an iodined contrast medium were 
injectedd until stasis was obtained. When tumour was present in both lobes of the liver, 
bothh lobes were embolised with an interval of several months starting with the lobe with 
thee largest tumour load. In these cases evaluation of symptoms and biochemical and 
radiologicall  signs was assessed after the second embolisation. After treatment vital signs 
ass well as hepatic and renal functions were monitored on the ward regularly. An adequate 
diuresiss was ensured by careful hydration to avoid hepatorenal failure in the post-
embolisationn period. 

RFAA was performed either intraoperatively or percutaneously. A 3.5 or 3.0 LeVeen 
Needlee was used in combination with a 90 watts radiowave generator (Radiotherapeutics, 
USA).. After ultrasound-guided insertion of the needle, sequential increase per minute of 
thee radio wave current was performed until a maximum of 90 watts was achieved. An 
increasee in resistance ultimately resulted in a "roll of', after which a second procedure at 
thee same localisation was restarted after a one-minute interval without current, to a 
maximumm of 70% of the first achieved level. Each localisation was thus treated, or a 
combinationn of multiple passes of the LeVeen needle was used to cover a metastasis larger 
thann 4 cm. 

Duringg follow-up symptoms and measurement of urinary 5-HIAA levels were evaluated at 
leastt every 3 months in our outpatient clinic. Tumour size and necrosis of tumour were 
evaluatedd by a CT-scan at 3, 6 and 12 months after treatment. In the patients who were 
treatedd with RFA an additional CT-scan one month after the procedure was performed. 

138 8 



LocalLocal treatment of liver metastases 

Results s 

Seventeenn hepatic artery embolisations were performed in 13 patients and 10 metastases 
weree treated with RFA in 3 patients (Table 1). There were 11 men and 4 women with a 
mediann age of 60 years (range 45-71 years) at time of treatment. The primary tumour was 
locatedd in the ileocoecal area in 7 patients, rectum in 1 patient, lung in 3 patients, while in 
thee remaining 4 patients the primary tumour was unknown. All patients suffered from 
progressivee disease with systemic treatment. The diagnosis of metastatic disease had been 
knownn for a considerable time before local treatment (median duration of symptoms: 22 
months,, range 8-193 months). Fourteen patients out of 15 patients had elevated urinary 5-
HIAAA excretion values with a median of 913 umol/24h (range 72-2618 umol/24h, normal 
<400 |Xmol/24h) prior to embolisation (Table 2). Median follow-up from completion of 
therapyy was 12,5 months (range 2-25 months). Seven patients were dead at the time of 
analysis. . 

Tablee 1. Characteristics of patients 

No. . 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13a a 

13b b 

14 4 

15 5 

Agee at 
therapy y 
(years) ) 

45 5 

67 7 

53 3 

71 1 

70 0 

60 0 

62 2 

60 0 

61 1 

71 1 

52 2 

59 9 

55 5 

55 5 

47 7 

60 0 

Durationn of 
symptomss (months) 

78 8 

24 4 

11 1 

67 7 

63 3 

26 6 

24 4 

11 1 

23 3 

10 0 

21 1 

16 6 

11 1 

17 7 

8 8 

193 3 

Gender r 

F F 

M M 

M M 

M M 

F F 

M M 

M M 

F F 

M M 

M M 

M M 

M M 

M M 

M M 

F F 

M M 

Primary y 
tumour r 

unknown n 

unknown n 

rectum m 

lung g 

lung g 

ileocoecal l 

appendix x 

ileocoecal l 

lung g 

unknown n 

ileocoecal l 

unknown n 

ileocoecal l 

ileocoecal l 

ileocoecal l 

ileum m 

Locall  therapy 

emb. . 

emb. . 

emb. . 

emb. . 

emb. . 

emb. . 

emb. . 

emb. . 

emb. . 

emb. . 

emb. . 

emb. . 

emb. . 

RFA A 

RFA A 

RFA A 

Location n 

right t 

right t 

bilat. . 

right t 

right t 

bilat. . 

left t 

right t 

right t 

bilat. . 

bilat. . 

bilat. . 

right t 

left t 

bilat. . 

bilat. . 
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Tablee 2. Biochemical and radiological effects and effects on symptoms 

No. . 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13a a 

13b b 

14 4 

15 5 

5-HIAA A 

before e 
treatment t 

(nmol/24h)* * 

1736 6 

35 5 

120 0 

1924 4 

111 1 

1662 2 

1740 0 

913 3 

1961 1 

72 2 

875 5 

1529 9 

2618 8 

1186 6 

91 1 

277 7 

5-HIAA A 
afterr 2 
months s 

follow-up p 
(umol/24h) ) 

unknown n 

23 3 

160 0 

1549 9 

75 5 

1564 4 

1617 7 

140 0 

1531 1 

33 3 

720 0 

165 5 

1458 8 

777 7 

6 6 

52 2 

5-HIAAA at latest 
follow-up p 

(umol/24h) ) 

unknown n 

23 3 

42 2 

1432 2 

123 3 

2022 2 

1604 4 

566 6 

2050 0 

118 8 

765 5 

502 2 

1186 6 

1815 5 

32 2 

79 9 

Effectt on 
tumourr size 
onn CT-scan 

unknown n 

progression n 

progression n 

progression n 

progression n 

progression n 

progression n 

regression n 

noo change 

regression n 

progression n 

regression n 

regression n 

regression n 

regression n 

regression n 

Effectt on 
symptoms* * 

= = 

1 1 

= = 

= = 

= = 

= = 

= = 

T T 

= = 

r r 
= = 

IT T 

= = 

= = 

T T 

T T 

Follow-up p 
(months) ) 

2(t) ) 

4(t) ) 

7(t) ) 

10(t) ) 

H(t) ) 

12(t) ) 

14 4 

14 4 

H(t) ) 

15 5 

15 5 

22 2 

6 6 

7 7 

13 3 

25 5 

Complications s 

no o 

postembolisation n 
syndrome e 

hepaticc failure 

no o 

postembolisation n 
syndrome e 

no o 

abscess s 

postembolisation n 
syndrome e 

postembolisation n 
syndrome e 

no o 

no o 

postembolisation n 
syndrome e 

no o 

no o 

cholestasis s 

no o 

== Normal < 40umol/24h 
*== |: worsening of symptoms, =: no change, f: improvement of symptoms, | |: free of symptoms 

Embolisationn resulted in an overall median decrease of 5-HIAA excretion of 32% (range 0-
89%)) at first follow-up. In 3 patients the decrease after embolisation was more than 50% and 
mett the criteria of biochemical response (patient 8, 10 and 12). In these 3 patients symptoms 
improved,, including patient 12 who was free of symptoms after bilateral embolisation. This 
symptomaticc improvement in the patients with biochemical response was still present at 
follow-upp of 14, 15 and 22 months respectively. In the remaining ten patients only a minimal 
biochemicall  response was achieved with no effect on symptoms. 
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Figuree 1. In patient 12 the initial CT-scan (A) of the liver shows multiple small nodules in 
bothh liver lobes. After HAE (B) the metastases are confluent and the total volume of the 
liverr has decreased remarkably. Symptoms improved and a biochemical response was 
obvious s 

AA B 

Tumourr regression on CT-scan was present in 4 patients (Figure 1), which corresponded 
withh symptomatic improvement in three of them. In 7 patients CT-scans revealed 
progressionn and in one there was no change in tumour size. In one patient radiological 
evaluationn could not be performed as this patient died after two months because of cardiac 
failure.. Postembolisation syndrome, characterised by elevated levels of transaminases, 
lactatee dehydrogenase and alkaline phosphatase combined with fever, occurred in 5 
patients.. All recovered within 10 days. More serious complications occurred in 2 cases. In 
onee patient (nr.7) a necrotic tumour metastasis was infected, for which treatment with 
intravenouss antibiotics and abscess drainage was needed. After embolisation of the left 
arteryy in another patient (nr.3), embolisation of the right hepatic artery was performed 5 
monthss later, which led to fatal hepatic failure 2 months following the procedure. Six 
otherr patients died during follow-up because of non-intervention related problems after 2 
too 14 months: right sided cardiac failure (n=2), progressive disease (n=2), carcinoid crisis 
withh renal failure (n=l) and pneumonia (n=l). 
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Figuree 2. This slide of the CT-scan of patient 14 shows one dominant metastasis in the 
rightright liver lobe, but several other small nodules are present (A). After RFA necrosis with 
typicall  cystic appearance developed (B) 

AA B 

Treatmentt with RFA induced a biochemical response in 2 out of 3 patients with a 5- HIAA 
reductionn of 81% and 93%. They also experienced a radiological response (Figure 2), and 
aa symptomatic improvement. Patient 15 underwent a resection of segment 6 and 7, 
becausee of a large lesion of 7 cm in diameter and RFA of 5 other lesions. In the patient 
withh the longest follow-up the decrease in 5-HIAA excretion after 25 months was still 
71%% and symptoms were minimal without additional systemic treatment. In patient 13 
withh a favourable response to embolisation of the right hepatic artery, embolisation of the 
leftt hepatic artery was technically impossible because of a vascular anomaly. He was 
subsequentlyy treated with RFA percutaneously under spinal anaesthesia leading to a 
furtherr reduction in 5-HIAA excretion. However, although CT-scans after RFA showed no 
recurrencee of tumour (Figure 3), duration of decreased 5-HIAA values lasted only 3 
monthss and a relief of symptoms could not be obtained. 

Noo serious adverse effects occurred after RFA. In one patient (nr. 14) post-operative 
cholestasiss was present. A magnetic resonance cholangiopancreatography revealed a 
minorr stenosis of the common bile duct. Symptoms completely recovered after 2 months 
andd hepatic values returned to normal values after 3 months, without additional treatment. 
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Figuree 3. CT-scan of patient 13 reveals several small and larger metastases in both liver 
lobess (A). HAE of the right liver lobe resulted in fair tumour reduction (B). Two large 
metastasess in the left liver lobe were treated by RFA and show characteristic cystic 
appearancee (C). The end result six months after the RFA treatment shows a significant 
decreasee of tumour mass in both liver lobes (D) 

AA B 

1) ) 
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Discussion n 

Inn carcinoid tumours with liver metastases patients suffer from the production of 
vasoactivee hormones. Various systemic treatments are available to diminish the 
incapacitatingg symptoms of the carcinoid syndrome. Somatostatin analogues are widely 
appliedd and reduce these symptoms in approximately 70%, while a biochemical response 
iss achieved in 42% up to 72% and a duration of up to a year. ' Interferon-alpha has 
demonstratedd similar effects.3 Application of meta-iodobenzylguanidine (MIBG), in a 
pharmacologicall  dosage or combined with radioactive MIBG, can give long-lasting 
palliation.4'55 However, local treatment of the liver remains preferable due to reduction of 
thee tumour load. The metastases are usually not amenable for resection, but HAE and the 
newerr technique of RFA might be effective in the treatment of these patients. 
Resultss of local treatment of this tumour are specifically interesting because of its 
histologicall  characteristics. Arterial hypervasculation of liver metastases from carcinoid 
tumourss argues in favour of hepatic arterial embolisation. Also, it is thought that RFA 
mightt have a specific effect on carcinoid tumours, because of the increased conduction of 
frictionall  heating in the hypervascular tissue, resulting in more extensive coagulative 
necrosis. . 

Resultss of HAE and chemoembolisation in earlier reports are variable.8'16"1 Symptomatic 
improvementt after HAE is reported to occur in 64% to 90%.17"19 Reports on 
chemoembolisationn show a slightly better biochemical and tumour response.9'16 However, 
inn our series a symptomatic improvement and corresponding objective biochemical 
responsee was only seen in 3 of 13 (23%) patients treated with HAE. The median decrease 
off  urinary 5-HIAA excretion was 32%. It can be hypothesized that HAE was applied too 
latee in the clinical course. The optimal moment of embolisation in the clinical course has 
beenn discussed in a Swedish study of 29 patients with carcinoid syndrome. In this study, 
earlyy embolisation appeared to be as effective as late embolisation.8 In addition, side 
effectss in our series were impressive, leading to a protracted recovery in several cases. It 
mustt be noted that all patients had a considerable duration of symptoms before treatment 
(mediann 22 months, range 8-193 months) and systemic therapy was failing. Remarkably, 
thee 3 patients that did benefit from this treatment had a relatively short duration of 
symptomss (10, 11 and 16 months). This suggests that embolisation in an earlier stage 
mightt be more effective. 

RFAA might offer a more simple local treatment compared with HAE. The good local 
tumourr control with a satisfactory duration of effect on symptoms has been suggested in 
severall  reports of carcinoid patients.12"15 Although these experiences are limited to small 
seriess this may indicate that an early intervention with RFA is favourable. 
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Inn our report the three patients treated with RFA showed an impressive biochemical 
response.. RFA could ameliorate symptoms in 2 of three patients with a duration of over 
133 and 25 months respectively. Complications are reported to be minimal and include 
hepaticc failure, hepatic abscess and hepatic infarction.10112 In our report one case of 
transientt cholestasis occurred after RFA. In our series RFA is a safe and, when performed 
percutaneously,, a minimally invasive procedure which may provide good local tumour 
control.. Although these results are only first experiences, the excellent biochemical 
responsee and duration of symptomatic improvement encourage to consider this technique 
ass a treatment in cases of metastatic carcinoid syndrome. 

AA problem with the evaluation of local ablation methods is the fact that patients with 
advancedd stage carcinoid syndrome all have specific characteristics, e.g. duration and 
degreee of symptoms, localisation of hepatic metastases and site of the primary tumour. To 
furtherr explore the possibilities and indications of local treatment options all these factors 
shouldd be taken account for in future studies with inclusion of more patients. 
Inn conclusion, we find these results encouraging to broaden the indication of treatment 
withh RFA and to reconsider the time of treatment with embolisation. The treatment of 
carcinoidd syndrome remains a challenge for the physician and all therapeutic options must 
bee considered carefully. 
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Summary y 

Background::  Prognosis of neuroendocrine tumours has improved during the last decade 
andd one might expect that more patients with (sub)cutaneous metastases will be seen in 
thee future. We investigated the cause of pain in skin metastases and tried to give 
recommendationss about treatment options. 

Methods::  We compared histology of (sub)cutaneous metastases in four patients: two with 
severelyy painful skin lesions and two without pain. 

Results::  On pathologic slides there were no differences in neuroinvasion, angioinvasion 
orr mitosis between painful and non-painful metastases. However, the painful metastases 
rapidlyy multiplied, while the others remained indolent in nature. Pain was very difficult to 
managee and did not respond to analgesics, irradiation or systemic treatment with 
interferonn or chemotherapy. Local excision was the only successful treatment option. 

Conclusion::  Histology did not show differences between painful and non-painful skin 
metastases.. Local excision is the treatment of choice. 
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Introductio n n 

Neuroendocrinee tumours are well known for their metastatic spread to the liver and for the 
productionn of vasoactive hormones. Metastases to the skin seem to be a late manifestation 
off  advanced disease, but there are few data in the literature which are limited to single 
casecase reports only.'"4 These metastases may present as painless subcutaneous nodules';4, 
butt sometimes they are extremely painful.2'3 In the literature this has been explained by 
invasionn of a superficial nerve as seen in one patient.2 There is no information on 
treatmentt options for this type of skin metastases. 

Recentlyy confronted with four patients with skin metastases we explored the hypothesis of 
neuroinvasionn by comparing asymptomatic metastases with extremely painful nodules. 
Variouss treatment modalities failed, but local resection led to reasonable palliation. 

Patients s 

Patientt  A 

AA 39-year-old man presented with pain in the right shoulder and some dyspnoea and 
wheezing.. A pulmonary mass in the right hilum was detected. At surgery the tumour 
appearedd to be irresectable. Histology revealed atypical carcinoid with positivity for 
neuroendocrinee markers (chromogranin A, synaptophysin). Chemotherapy (cisplatinum 
pluss etoposide) and additional irradiation resulted in stable disease for six months, when 
liverr metastases appeared. Diagnostic niIn-pentetreotide scan as well as 131I-meta-
iodobenzylguanidinee (MIBG) scintigraphy were negative and urinary 5-
hydroxyindoleaceticc acid (5-HIAA) excretion was slightly elevated at 68 umol/24h 
(normall  < 40). In the absence of symptoms, an expectative policy was pursued. Eight 
monthss later he was referred to our hospital because of pain in the liver, weight loss (11 
kg),, fever and attacks of severe perspiration. Physical examination revealed an enlarged 
liverr and two painless subcutaneous nodules on the head. His condition deteriorated 
rapidlyy in the following weeks. This was accompanied by clear laboratory changes: 
alkalinee phosphatase 520 U/l (normal 40-120), y-GT 902 U/l (normal <35), ASAT 61U/1 
(normall  <40) and ALAT 86 U/l (normal <45); the 5-HIAA excretion was elevated to 163 
)xmol/24hh (Table 1). Treatment with interferon-a (6xl09 units s.c. three times a week) was 
initiated.. Abdominal pain increased due to progressive liver metastases. Meanwhile, more 
subcutaneouss nodules appeared, which were not painful in contrast to the liver 
localisation.. The pathology of such a skin lesion showed metastasis of atypical carcinoid 
tumour,, close relation with superficial nerves and angioinvasion (Table 2). Six weeks after 
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thee start of interferon the patient died, i.e. two months after the detection of skin 
metastasess and two years after the initial diagnosis. 

Tablee 1. Clinical characteristics of carcinoid patients with subcutaneous metastases 

Patient t 

A A 

B B 

C C 

D D 

Primar y y 

Bronchia! ! 

Unknown n 

Unknown n 

Bronchial l 

Metastases s 

Liver r 

Liver r 

Mediastinum m 

Lung g 

Subcutaneous s 

metastases s 

Localisation n 

Head d 

Buttock k 

Headd and 

breast t 

Trunkk and 

axilla a 

Trunk k 

Extremities s 

Headd and 

neck k 

Pain n 

. . 

+/--

++ + 

++ + 

++ + 

++ + 

Carcinoid d 

syndrome e 

+ + 

+ + 

Urinar y y 

5-HIAA * * 

163 3 

1665 5 

<40 0 

<40 0 

Survivall  (months) 

Overall l 

24 4 

37 7 

88 8 

46 6 

Fromm s.c. metastases 

2 2 

37 7 

40 0 

29 9 

**  5-HIAA: 5-hydroxyindoleacetic acid (normal < 40nmol/24h) 

Patientt  B 

AA woman, 38 years of age, presented with watery diarrhoea, malaise and weight loss (5 
kg).. Physical examination revealed a cardiac murmur, enlarged liver and a subcutaneous 
nodulee in the right buttock. A CT-scan of the abdomen showed multiple liver metastases. 
Liverr cytology and histology of the resected subcutaneous lesion matched the diagnosis of 
low-gradee neuroendocrine carcinoma (carcinoid tumour). Immunohistochemistry was 
positivee for chromogranin A and synaptophysin. The primary tumour remained unknown. 
Thee urinary 5-HIAA excretion was strongly elevated at 1665 umol/24h. In addition, 
ultrasoundd of the heart revealed some fibrosis of the tricuspid valve. A diagnostic U1ln-
pentetreotidee scan as well as 131I-MIB G scintigraphy were positive with clear retention in 
thee liver metastases. Following treatment with unlabelled MIBG, in accordance with a 
phasee II trial5, symptoms of diarrhoea and weight loss ceased almost completely, 
accompaniedd by a decrease of 5-HIAA excretion. Six months later painful skeletal 
metastasess appeared. Treatment with radiolabelled MIBG5 resulted in a symptomatic and 
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biochemicall  response. Diarrhoea and flushes reappeared after five months. Daily 
injectionss of octreotide led to symptomatic and biochemical improvement which lasted 17 
monthss when the patient developed an epileptic seizure due to malignant meningitis. At 
thatt time she also noticed a recurrent somewhat painful swelling in the scar of the former 
subcutaneouss lesion in the buttock. However, analgesics were not needed. The histology 
off  the subcutaneous lesion (Table 2) revealed a tumour deposit without clear invasion in 
bloodd vessels and superficial nerves. Her condition deteriorated and she died seven 
monthss later, three years after the diagnosis of metastatic carcinoid syndrome and the first 
skinn metastases. 

Tablee 2. Histological findings in the skin metastases of carcinoid patients 

Stromaa Neuroinvasion Angioinvasion Mitoses per  2mm Localisation Diagnosis s 

Patientt  A 
Non-painful: : 
Head d Cutis+subcutiss AC 

Patientt  B 
Non-painful: : 
Buttock k 10 0 Subcutis s Carcinoid d 

Patientt  C 
Non-painful: : 
**  Head '90 
**  Breast '90 

Patientt  C 
Veryy painful: 
**  Axillary'89 
**  Lumbal '91 
**  Back '92 

Patientt  D 
Veryy painful: 

h h 
d d 

**  Axillary 

--

--

? ? 

+ + 

+ + 

13 3 
6-12 2 

16 6 
14 4 
13 3 

3 3 

0 0 

0 0 

Cutis+subcutis s 
Cutis+subcutis s 

Cutis+subcutis s 
Cutis+subcutis s 
Subcutis s 

Subcutis s 

Cutis s 

Subcutis s 

Carcinoid d 

Carcinoid d 

AC* * 

"ACC = Atypical carcinoid 

**  Carcinoid = Low-grade neuroendocrine carcinoma 
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Patientt  C 

AA 58-year-old woman presented with a palpable mass in the right supraclavicular area due 
too undifferentiated carcinoma at cytology. Additional investigation did not reveal a 
primaryy tumour. Progression was remarkably slow. Eventually three years later an 
excisionall  biopsy revealed a low-grade neuroendocrine carcinoma (carcinoid tumour), 
whichh was positive to chromogranin A and synaptophysin. After two years without 
symptomss she was referred to our hospital with some dyspnoea and retrosternal 
discomfortt especially at night. CT-scan showed a large irresectable tumour in the upper 
mediastinum.. A diagnostic 131I-MIB G scintigraphy showed a vague retention in the 
mediastinum,, considered too littl e for a treatment dose of  131I-MIBG. Chemotherapy was 
givenn conform a phase II trial with mitoxantrone for one year, resulting in stable disease 
andd improvement of symptoms. Her condition remained stable in the next three years until 
shee noticed several subcutaneous nodules (5-15 mm in diameter); and most of these 
lesionss were extremely painful (Table 1). Local excision showed metastases of the 
formerlyy diagnosed carcinoid tumour and resulted in instant relief of pain. During the 
followingg three years until her death, the major problem was the severe pain of many tiny 
subcutaneouss lesions. The pain did not respond to analgesics, including morphine, and 
onlyy resection of the lesions was effective. In total 28 metastases were resected. 
Comparingg painless and painful lesions at histology (Table 2), invasion in nerves was not 
aa consistent finding and did not correlate with the pain sensation of the patient (Figure 1). 
Meanwhile,, the mediastinal mass showed slow progression, for which she was irradiated, 
leadingg to minimal regression. She died seven years after the initial diagnosis and three 
yearss after the appearance of the painful subcutaneous metastases. 

Patientt  D 

AA 68-year-old man presented with coughing and some exercise-induced dyspnoea due to a 
solitaryy nodule in the right lung. The lobectomy specimen revealed an atypical carcinoid 
tumourr with sporadic mitoses (diameter 2 cm) without lymph nodes metastases. The 
neuroendocrinee markers chromogranin A and synaptophysin were both positive. Seven 
monthss later approximately ten subcutaneous nodules appeared on the lower extremities, 
trunkk and head that were extremely painful, both spontaneously and on pressure (Table 1). 
Afterr resection of the largest nodule (3x1x1 cm) in the left thigh, histology (Table 2) 
revealedd metastatic atypical carcinoid with 3 mitotic figures in 2mm2 and also patchy 
necrosis.. A nerve was seen close to the tumour site, but without clear invasion. The pain 
wass difficult to manage with analgesics, but disappeared after resection. The other lesions 
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weree very small ranging from 3-5 mm, some hardly palpable, but very painful. The 
resectionn material showed tiny intracapillary tumour localisations (Figure 2). 
Stagingg revealed five small lung metastases but no liver metastases. Radionuclide imaging 
withh '"in-pentetreotide and '31I-MIB G was negative. Laboratory tests were within normal 
limitss and urinary 5-HIAA excretion was repeatedly normal. Local treatment by 
irradiationn (4x5Gy) of several skin lesions and systemic treatment with interferon-a did 
nott affect the pain. Within three months of interferon-a treatment, several new 
subcutaneouss lesions evolved, up to a total of 20 lesions, while the lung metastases 
remainedd stable. The only way to effectively treat the extremely painful lesions was local 
resection. . 

Thee patient died 46 months after the initial diagnosis of a carcinoid tumour and 29 months 
afterr the appearance of skin metastases. 

Figuree 1. Excisional biopsy of a painless skin metastasis in patient C 
Microscopyy (HE staining, 200x) shows perineural circular growth of atypical carcinoid 
aroundd a small nerve bundle (at the arrow) 
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Figuree 2. Excisional biopsy of a very small, but extremely painful skin metastasis in 
patientt D 
Microscopyy (HE staining, 50x) revealed a tiny intracapillary carcinoid deposition (at the 
arrow)) not in the presence of a nerve bundle 

Discussion n 

Skinn (cutis or subcutis) involvement by metastatic disease is an infrequent phenomenon in 
carcinoid-likee neuroendocrine tumours, in contrast to skin metastases in melanoma and 
adenocarcinomas,, especially breast cancer, colonic cancer or lung cancer.6 Usually these 
skinn metastases cause only minor problems to the patient, but they implicate a poor 
prognosis.. Such metastases in neuroendocrine tumours have only been reported in single 
casee reports. " In a compilation of these data' six cases with a gastrointestinal primary are 
reported,, two of them suffering from the carcinoid syndrome. A subsequent literature 
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survey44 has described a total of 17 patients, among which the bronchial tree was the main 
primaryy origin (n=9). 
Outt of a total of 86 patients treated in our hospital, we detected four patients with skin 
metastasess (Table 1). The patients with the extremely painful metastases (patient C & D) 
hadd a different clinical presentation than the other two (patient A & B): they did not show 
signss of hormone production. The clinical course was also different over time: the painful 
metastasess were very small and progressive with the appearance of multiple lesions, while 
thee others remained localised and indolent. 

Ann explanation of the pain caused by some skin metastases might be infiltration of nerve 
bundless by tumour deposits. Although this has been reported in an 80-year-old patient 
withh extremely painful nodules due to a carcinoid tumour, most probably derived from the 
gastricc antrum2, in our patients these changes were seen in painful as well in non-painful 
metastasess (Table 2). Various peptide hormones and vasoactive agents, such as serotonin 
andd kallikrain, produced by carcinoid tumours cause local necrosis and fibrosis and hence 
inducee the severe pain. However, this local fibrosis was only seen at histology of the 
subcutaneouss lesions in patient D, who had no clinical or biochemical signs of hormone 
production.. Moreover, the patients A & B with the carcinoid syndrome did not have pain 
inn the skin metastases. We also examined the histology for vascular obstruction or 
inflammatoryy changes as an explanation for the cause of pain, but this could not be found 
inn any of the four patients. Therefore, the pathogenesis of the pain remains unclear. 
Treatmentt of metastatic carcinoid tumours is mainly focused to the palliation of 
symptoms,, usually the carcinoid syndrome, for which there are various options: 
octreotide,, interferon-a and MIBG, or combinations.8 Each treatment modality results in a 
subjectivee improvement of 65 to 80% and a biochemical response in up to 50% of the 
patients,, while tumour reduction is only occasionally seen.5'9 To improve local tumour 
symptomss as bowel obstruction, pain and fever tumour reduction is needed, for which 
medicall  treatment is inadequate. Data on treatment of painful subcutaneous metastases are 
lacking.. In patients presented here medical treatment failed. In contrast, local excision 
resultedd in instant and persisting pain relief. 

Inn conclusion, subcutaneous metastases in metastatic carcinoid tumours may be extremely 
painful.. The pathogenesis of the severe pain encountered in these, often tiny, metastatic 
depositss remains difficult, as neural involvement was not a consistent finding. In our 
patientss pain was difficult to manage with analgesics, but local excision provided 
satisfactoryy long-term palliation. As the prognosis of metastatic carcinoid has improved 
duringg the last decade10 we might expect to see more patients with (sub)cutaneous 
metastasess in the future. 
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Carcinoidd tumours are rare neuroendocrine tumours (NET), arising from cells of the diffuse 
neuroendocrinee system which is made up of amine precursor and decarboxylation (APUD) 
cells.. The annual incidence rate of carcinoid is 2 of 100,000 and the main primary tumour 
sitess are appendix (27%) and lung (22%). In 62% the primary tumour is located in the 
gastro-intestinall  tract and the primary remains unknown in about 10%. Presentation with 
distantt metastases is found in 20%. Half of them with unknown primaries. As a result of 
thee neuroendocrine origin, carcinoid tumours are capable of secreting vaso-active 
substances,, mainly serotonin. In patients with liver metastases this can induce the 
characteristicc symptoms of the carcinoid syndrome, such as attacks of flushing, diarrhoea 
andd wheezing. Serotonin also plays a key role in the development of carcinoid related 
heartt disease (CHD), but the exact pathogenesis has yet not been elucidated. 

Thee aim of this thesis is to evaluate different diagnostic and treatment modalities in 
carcinoidd patients in an effort to refine the therapy and follow-up in these patient group. 

Firstt  part: Diagnostic modalities 

Chapterr  1 describes the evaluation of various nuclear modalities in the detection and 
clinicall  management of bone metastases in patients with metastatic carcinoid tumours. In 
addition,, the occurrence of bone metastases in these patients was calculated. Nine out of 
866 consecutive carcinoid patients developed bone metastases (10%). inIn-pentetreotide 
scintigraphyy and the ,31I-meta-iodobenzylguanidine (MIBG) scintigraphy are positive in 
70-80%% in carcinoid tumours, but in the detection of bone metastases these scans were 
positivee in only 50% and 20% respectively. However, bone scintigraphy using 99mTc-MDP 
showedd multiple metastases in all these nine patients. The axial skeleton and the pelvis 
weree affected in all and the extremities were involved in more than half of the patients. In 
thee nine cases with symptoms and a positive standard bone scintigraphy medical treatment 
withh MIBG (either non-radioactive or radioactive), octreotide analogues or interferon 
inducedd a symptomatic improvement of carcinoid syndrome in most of these patients. 
However,, no pain relief of bone metastases was obtained. Palliation of the pain by means 
off  radiation therapy was successful in 5/6 patients. In one additional patient this was 
achievedd by application of Rhenium-186-hydroxyethylidene diphosphonate. In conclusion, 
bonee scintigraphy is a sensitive imaging technique for detection of bone metastases in 
carcinoidd patients, while the ' '' In-pentetreotide and the 131I-MIB G scintigraphy are often 
negativee in those cases. Radiotherapy and nuclear medicine modalities can be applied for 
palliationn of pain in carcinoid patients with bone metastases. 
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Thee incidence of the characteristic right-sided carcinoid heart disease (CHD) in patients 
withh metastatic carcinoid tumours is 20-70%, pending on the definition used. In many 
patientss the cause of death is attributed directly to cardiac disease. Although serotonin 
seemss to play a key role in the development of CHD, the exact mechanism has yet not 
beenn elucidated. Chapter  2 discusses the relationship between hormonal activity and the 
developmentt of CHD. In chapter  2.1 we compared 24-hours urinary 5-
hydroxyindoleaceticc acid (5-HIAA) excretion levels and the plasma levels of atrial 
natriureticc peptide (ANP), transforming growth factor-p (TGF-P) and fibroblast growth 
factorr (FGF) in patients with and without CHD to investigate the relationship between the 
developmentt of valvular fibrosis and hormonal activity and markers of fibrosis. By 
applyingg the criteria: thickened tricuspid valve with additional III/I V or IV/IV tricuspid 
valvee regurgitation, we found CHD in 9 of 37 patients (24%). All CHD patients had 
symptomss of the carcinoid syndrome compared with 71% of the non-CHD group. Median 
5-HIAAA excretion was significantly higher in the CHD group compared with the non-
CHDD group (576 umol/24h and 233 umol/24h respectively, p=0.02). The calculated area 
underr the curve (AUC) as a measure of serotonin load over time of the 5-HIAA excretion 
duringg the complete disease period underscored the difference between both groups 
(p<0.001).. ANP levels were significantly higher in the group with CHD compared with 
thosee without (p=0.026). No significant difference in TGF-p and FGF plasma levels was 
observedd between both groups. Survival was significantly longer (23 months) for patients 
withoutt CHD compared with those with CHD (13 months, p=0.026). We concluded that 
highh levels of 5-HIAA excretion and ANP were associated with CHD. In addition to the 
levell  of 5-HIAA excretion, the duration of exposition is also important in the development 
off  CHD. No significant relation with TGF-fi and FGF was been found. 
Chapterr  2.2 is a comment on a article of Moller et al. (NEJM 2003) who evaluated 71 
carcinoidd patients for the development of CHD. They concluded that a higher peak urinary 
5-HIAAA excretion was a predictor for a deterioration of cardiac performance. In our reply 
wee underlined that duration of exposure to elevated serotonin levels (calculated as the 
AUC)) might be an even more important factor in the formation of valvular fibrosis as 
reportedd in chapter 2.1. 

Thee study, described in chapter  3, was performed to investigate the relationship between 
carcinoidd heart disease (CHD) and blood levels of natriuretic peptides ANP (atrial 
natriureticc peptide) and NT-proBNP (N-terminal fragment of brain natriuretic peptide). In 
addition,, we examined the prognostic values of these hormones. Blood samples of 32 
carcinoidd patients were compared with the findings of the cardiac ultrasound performed at 
follow-up.. CHD was found in 9/32 patients (28%). Median levels of NT-proBNP were 
significantlyy higher in patients with CHD (894 ng/L) compared with those without (89 
ng/L,, p<0.001). No significant differences were detected in ANP levels (p=0.11). Degree 
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off  dilatation of right atrium and ventricle and degree of regurgitation and thickening of the 
tricuspidd valve were statistically significant correlated with NT-proBNP levels. The 
accuracyy of NT-proBNP in the diagnosis of CHD was higher than the accuracy of ANP. 
Att a cut-off value of 220 ng/L the positive predictive value of NT-proBNP was 69% with 
aa negative predictive value of 100%. Survival was significantly better in patients with 
normall  NT-proBNP levels (p=0.02). We concluded that NT-proBNP is helpful as a simple 
markerr in the diagnosis of CHD and can be used to adjust therapy in these patients. 

Twenty-four-hourss urinary 5-HIAA concentrations, the degradation product of serotonin, 
iss the cornerstone in diagnosis, follow-up and monitoring treatment in patients with 
carcinoidd tumours. Although metabolism of serotonin into 5-HIAA is regulated by rapid 
clearancee mechanisms, former studies determined urinary 5-HIAA levels in 24-hours 
collectionn intervals instead of a simple urine sample as a measure of serotonin production. 
Collectionn of 24-hours urine is troublesome for the patient and can be unreliable due to 
inaccuratee collection for instance in case of severe diarrhoea. It would yield considerable 
profitt if an urine sample collected during a shorter interval would already reflect disease 
activity.. Our clinical impression is that symptoms of the carcinoid syndrome seem to 
deterioratee by physical efforts, food intake or starting the day. Information about 
influencess of these factors on hormonal excretion is scarce and clear-cut correlation 
betweenn markers of hormonal excretion and the severity of symptoms of the carcinoid 
syndromee are not convincing. In chapter  4 we investigated the relationship between 
symptomss of the carcinoid syndrome and daily activity on the 5-HIAA excretion sampled 
inn 4- and 8-hour intervals. We also evaluated possible cyclic changes and assessed the 
possibilitiess of replacing 24-hours urine collection by a shorter collection interval. No 
clearr correlation between hormonal excretion and degree of activity could be found 
(p=0.766).. Watery diarrhoea was only reported by patients with strong variations in 
hormonall  excretion. In relation to the 24-hours 5-HIAA excretion, the interval in the 
morningg showed significantly higher hormonal levels and a significant lower excretion 
wass found in the evening. The overnight collected interval produced the best estimate 
valuee compared with the 24-hours excretion. Thus, cyclic changes were found in patients 
withh a high variability in 5-HIAA excretion. An overnight collected portion can replace 
24-hourss urine collection. 

Secondd part: Treatment modalities 

Inn chapter  5.1 an overview is given of the use of various applications of meta-
iodobenzylguanidinee (MIBG) in the palliation of symptoms of the carcinoid syndrome. In 
thiss paper we describe three patients in whom pharmacological MIBG, l3lI-labelled MIBG 
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andd the combination was applied. Pharmacological (unlabelled) MIBG can give 
symptomaticc relief in a simple and safe way for 3-4 months, while long-term palliation (8 
months)) can be obtained by application of radioactive labelled MIBG in case of a positive 
scan.. Predosing with unlabelled MIBG immediately before start of radioactive MIBG can 
improvee tumour targeting in some patients with a negative or weakly positive scan and 
cann lead to an impressive clinical response. Chapter  5.2 is a reply on an article of 
Pathiranaa et al. (EJSO 2001) who described that application of  131I-MIB G therapy is a safe 
andd cost-effective treatment to control the symptoms of the carcinoid syndrome. Although 
thesee findings are in line with our experience, we draw attention to the effect of predosing 
withh unlabelled MIBG followed by the radioactive treatment with MIBG. By improving 
uptakee of MIBG in the tumour by this approach, the number of patients eligible for 
radioactivee treatment can be increased and the clinical results more pronounced. 

Interferon-aa and MIBG are both active in metastatic carcinoid. Improved uptake of  123I-
MIBGG was seen after interferon-y in neuroblastoma cell lines. In chapter  6 a phase II 
studyy is described in which we evaluated the effect of interferon-a upon diagnostic l31I -
MIBGG uptake in the tumour and the clinical response of the combination. The tumour over 
non-tumourr (T/NT) ratios were quantitatively determined by comparing counts in the 
centree of the tumour (liver metastases) with those in an adjacent area of normal liver 
uptakee (T/NT1) and with abdominal background area (T/NT2). An increase of >10% in 
MIBGG uptake was considered significant. After 8 weeks treatment with interferon-a 
T/NT11 ratios showed an increase in 19% of the patients. After application of unlabelled 
MIBGG 50% of the patients showed an increase in T/NT1 ratio. The absolute uptake in 
tumourr deposits was also increased if compared with the abdominal background, leading 
too a significant T/NT2 increase in respectively 23% and 83%. Overall, changes after 
interferon-aa were not statistically significant (p=0.178), in contrast to those after 
applicationn of MIBG (p=0.016). No significant improvement in quality of life was 
observedd after interferon or MIBG. Patients with systemic symptoms other than carcinoid 
syndromee responded significantly better on treatment with MIBG compared with those 
withh complaints of the carcinoid syndrome who showed a better response on IFN. 

Locall  treatment of hepatic metastases of carcinoid tumours is attractive because of the 
sloww and localised growth pattern. However, the metastatic pattern in the liver is often 
diffusee and with multiple localisations. Therefore, resection is usually not feasible. In 
chapterr  7 local treatment modalities for liver metastases other than resection are 
described.. Hepatic artery embolisation showed a median overall decrease in 5-HIAA 
excretionn of 32%. In 3/13 (23%) treated patients a long-lasting symptomatic improvement 
wass achieved. Three patients were treated with radiofrequency ablation (RFA). This 
resultedd in a reduction of hormonal excretion in all of them, with a long-lasting 
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symptomaticc improvement in two patients. Although the number of patients treated with 
RFAA was limited, the first experiences with this treatment modality are encouraging. 

Inn chapter  8 we compared histology of (sub)cutaneous metastases in four patients with 
metastaticc carcinoid tumours. Two of them suffered from severely painful skin lesions and 
thee other two had no complains of pain. On the pathological slides we could not determine 
differencesdifferences in neuroinvasion, angioinvasion or mitosis between painful and non-painful 
metastases.. However, the painful lesion rapidly multiplied, while the others remained 
indolentt in nature. Pain was very difficult to manage and did not respond to analgesics, 
irradiationn or systemic treatment. Local excision was the only successful treatment option. 

Futur ee perspectives 

Prognosiss of carcinoid tumours has improved during the last decade. The treatment of 
thesee patients remains a challenge for the physician and a multidisciplinary approach is 
advocated. . 
Inn a substantial number of patients the primary tumour remains unknown despite extensive 
diagnosticc investigations. However, primary tumours in the small bowel can cause 
complicationss as bowel obstruction and fibrosis with abdominal complaints during follow-
upp of patients. Application of the video capsule endoscopy as a non-invasive imaging 
techniquee of the complete small bowel can probably reduce the number of unknown 
primaryy tumours. Chromogranin A (CgA) seems a promising marker for detection and 
follow-upp of carcinoid patients. Advantages of CgA compared with urinary 5-HIAA levels 
aree a higher sensitivity in detection of metastatic disease and a stronger correlation with 
tumourr volume and survival. In addition, CgA is more stable than serotonin and the 
urinaryy metabolite 5-HIAA. However, serial measurements during follow-up to determine 
progressionn is only reported in small series of patients. Thus, there is a great need for a 
largee study to define the role of CgA to monitor disease activity during follow-up. 
Locall  treatment of liver metastases with radiofrequency ablation (RFA) seems promising 
andd extending the experience with the application of this therapy is recommended. A 
systemicc new treatment modality is radioactive labelled somatostatin analogues ( -
indium,, 90-yttrium, and 177-lutetium) which can be used in patients with a positive i nIn-
pentetreotidee scintigraphy. First results are encouraging and can be used to expand 
therapeuticc options in patients with metastatic disease failing on other systemic therapies. 
Althoughh the annual incidence rate of carcinoid is growing, the overall survival of 
metastaticc carcinoid patients has improved over the last decades. Due to this improved 
survivall  complications such as carcinoid heart disease and new metastatic patterns like 
skinn and bone metastases will become a more important aspect in carcinoid disease. 
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Therapyy focused on these complications must be part of the approach. Replacement of 
heartt valves must be considered in patients with metastatic disease and a good clinical 
condition.. Therapy focused on tumour reduction (surgical approach alone or in 
combinationn with hepatic artery embolisation of RFA) early in the treatment of patients 
withh metastatic midgut carcinoid seems to be related with improvement in survival, a 
reductionn in hormonal excretion and fewer complications such as bowel obstruction or 
mesenteriall  fibrosis during follow-up. 

CombiningCombining new diagnostic and treatment modalities in metastatic carcinoid patients may 
resultt in a better quality of life and a longer survival. 

165 5 





Samenvattingg en vooruitbli k 



Carcinoidd is een langzaam groeiende neuroendocriene tumor. De jaarlijkse incidentie is 2 
gevallenn per 100.000 personen. De belangrijkste tumor lokalisaties zijn de appendix (27%) 
enn de long (22%). In 62% van de gevallen is de tumor gelokaliseerd in het maag-darm 
stelsell  en in 10% blijf t de primaire tumor onbekend. 

Bijj  het stellen van de diagnose is er in ongeveer 20% al sprake van het aanwezig zijn van 
metastasen.. In de helft van deze gevallen gaat het om een carcinoid met een onbekende 
primairee haard. 

Carcinoïdenn zijn opgebouwd uit cellen afkomstig van het neuroendocriene systeem, de 
zogenaamdee enterochromaffiene cellen. Deze cellen komen in het hele lichaam verspreid 
voorr en spelen een rol bij de regulatie van functies van veel organen en worden 
gereguleerdd door prikkels uit het zenuwstelsel. Deze werking is gebaseerd op het 
vermogenn om vaso-actieve hormonen te produceren en uit te scheiden. Serotonine is 
hierbijj  het meest voorkomende en bekendste product van deze tumor cellen. De 
uitscheidingg van serotonine wordt in de 24-uurs urine gemeten door bepaling van het 
afbraakproductt 5-hydroxyindolazijn zuur (5-HIAA). 

Bijj  een carcinoid zonder metastasen in de lever worden deze hormonen, nadat ze in de 
bloedbaann uitgescheiden zijn, in de lever weggevangen en onschadelijk gemaakt. Echter, 
bijj  uitzaaiingen in de lever komen deze stoffen direct vrij in de circulatie en kunnen zo 
aanleidingg geven tot klachten als opvliegers, diarree en aanvallen van kortademigheid. 
Dezee combinatie van klachten wordt het carcinoid syndroom genoemd. 
Hoewell  bekend is dat serotonine bij het ontstaan van dit carcinoid syndroom een 
belangrijkee rol speelt, is het exacte mechanisme van het ontstaan van deze klachten nog 
niett geheel opgehelderd. Waarschijnlijk spelen naast serotonine nog meer hormonaal 
actievee stoffen een rol. 

Naastt de klachten van het carcinoid syndroom kunnen de hormonen die door de tumor 
geproduceerdd worden bij het bestaan van levermetastasen ook leiden tot het ontstaan van 
fibroseringfibrosering van de tricuspidaal en pulmonaal klep. Als gevolg van deze fïbrosering worden 
dee hartkleppen dik en stug, waardoor er uiteindelijk insufficiëntie optreedt gevolgd door 
decompensatioo cordis. Een aanzienlijk deel van de patiënten overlijdt uiteindelijk ten 
gevolgee van deze hartschade. 

Dee diagnose carcinoid kan worden gesteld door het aantonen van tumor weefsel en/of het 
metenn van de 5-HIAA waarde in 24-uurs urine als maat voor een verhoogde serotonine 
productie.. Beeldvorming wordt aanvullend toegepast om de locatie van de primaire tumor 
tee kunnen vaststellen en uitzaaiingen in lever of op andere locaties aan te tonen. Twee 
beeldvormendee onderzoeken zijn hierbij van belang, de '''In-pentetreotide scan en de I-
meta-iodobenzylguanidinee (MIBG) scan. Bij de lll In-pentetreotide scan wordt een 
speurdosiss radioactief gelabeld somatostatine toegediend dat op het oppervlak van 
carcinoidd cellen kan binden aan receptoren. In 80-90% van de carcinoïden is er binding en 
daardoorr een positieve scan. Radioactief gelabeld MIBG kan na toediening van een 
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speurdosiss worden opgenomen in de carcinoid cellen en deze stapeling van radioactiviteit 
wordtt gebruikt in de beeldvorming. In 70% van de carcinoïden is er sprake van een 
positievee scan. De twee methoden worden naast elkaar toegepast en kunnen elkaar in 
sommigee gevallen aanvullen bij het opsporen van tumor lokalisaties en helpen bij de 
keuzee van behandeling. 
Voorr de behandeling van carcinoid zijn verschillende mogelijkheden waarvan de 
belangrijkstee hier kort besproken zullen worden. 
Octreotidee kan door binding aan receptoren op het celoppervlak de productie en 
uitscheidingg van hormonen door carcinoid cellen remmen. Het heeft dan ook vooral effect 
opp de klachten van het carcinoid syndroom. 
Interferonn is een andere vorm van medicamenteuze behandeling bij het carcinoid. Het 
exactee werkingsmechanisme van interferon is niet geheel duidelijk. Waarschijnlijk is er 
sprakee van een verandering in celdeling en celuitrijping waardoor de activiteit van de 
tumorr cellen verandert en de klachten verminderen. 
MIBGG kan door carcinoid cellen worden opgenomen en ingebouwd in de cel. Het lijk t qua 
structuurr op stoffen die de tumor cel nodig heeft om hormonen te produceren. Na opname 
neemtt het de plaats in van deze hormonen, die zo minder geproduceerd en uitgescheiden 
kunnenn worden. Naast deze werking van "koud" of farmacologisch MIBG kan deze vorm 
vann therapie ook als een radioactieve behandeling worden toegediend middels radioactief 
gelabeldd of "heet" MIBG. Na opname in de tumorcellen is dit als een lokale bestraling 
werkzaam.. Het combineren van "koud" MIBG gevolgd door "heet" MIBG kan tot een 
verbeterdee opname van radioactiviteit in de tumor leiden waardoor het effect van de 
behandelingg versterkt wordt. 

Ookk is het mogelijk om uitzaaiingen in de lever lokaal te behandelen. Emboliseren van 
leverr uitzaaiingen bestaat uit het inspuiten van kleine "bolletjes" (Ivalon partikels) in de 
levervatenn welke de bloedtoevoer naar de uitzaaiingen moeten afsluiten. Ook kunnen 
uitzaaiingenn middels lokale verhitting (radio-frequente ablatie, RFA) onschadelijk 
gemaaktt worden. 

Inn dit proefschrift worden verschillende diagnostische en therapeutische methoden bij 
carcinoidd patiënten beschreven met het doel om de diagnostiek en behandeling van deze 
patiëntenn te verbeteren. 
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Deell  1: Diagnostische mogelijkheden 

Hoofdstukk 1 beschrijft de evaluatie van verschillende nucleaire onderzoeken bij het 
vaststellenn van bot uitzaaiingen bij patiënten met gemetastaseerd carcinoid. Verder werd 
bekekenn hoe vaak bot uitzaaiingen bij deze patiënten groep voorkomen en wat de beste 
behandelingg was ter bestrijding van pijnklachten. Bij 9 van de 86 patiënten (10%) werden 
bott uitzaaiingen gevonden. Bij het opsporen van carcinoid is bekend dat de i nIn-
pentetreotidee scan en de 13II-MIB G scan opname laten zien in 70-80% van de gevallen. 
Bott uitzaaiingen bleken door deze scans veel minder vaak te worden opgespoord, namelijk 
respectievelijkk 50% en 20%. De botscan toonde echter bij alle 9 patiënten bot uitzaaiingen 
aan.. De wervelkolom en het bekken bleken bij alle patiënten te zijn aangedaan en de 
extremiteitenn bij de helft. Behandeling met de standaard therapie mogelijkheden zoals 
MIBG,, octreotide en interferon gaf bij het merendeel van de patiënten verbetering van 
klachtenn van het carcinoid syndroom. De pijnklachten van het skelet reageerden echter 
niett op deze behandelingen. Bestraling op de pijnlijke skelet lokalisaties gaf verbetering 
vann klachten in 5 van de 6 bestraalde patiënten. Eén patiënt werd met goed resultaat 
behandeldd met radioactief Rhenium. 

Inn 20-70% van de patiënten met gemetastaseerd carcinoid ontstaat in het verloop van de 
ziektee schade aan de hartkleppen. Deze carcinoid hartziekte (CHD) ontstaat door 
fibroseringg van hartkleppen wat leidt tot tricuspidalis en pulmonalis insufficiëntie en 
hierdoorr decompensatio cordis. Een groot deel van de patiënten overlijdt uiteindelijk ten 
gevolgee van deze hartschade. Hoewel serotonine een belangrijke rol speelt in het ontstaan 
vann deze schade is het exacte mechanisme echter nog niet bekend. In hoofdstuk 2.1 
hebbenn we gekeken naar het effect van serotonine en fibrose factoren zoals transforming 
growthh factor-P (TGF-p) en fibroblast growth factor (FGF) bij het ontstaan van CHD. 
Verderr werd gekeken naar de waarden van het atriaal natriuretisch peptide (ANP), een 
hormoonn dat door het hart wordt uitgescheiden bij overbelasting. We beoordeelden 37 
carcinoidd patiënten op het bestaan van CHD, dit bleek bij 9 patiënten (24%) aanwezig te 
zijn.. Bij CHD patiënten werden significant hogere urine 5-HIAA waarden gevonden in 
vergelijkingg met niet-CHD patiënten. Ook de totale duur en hoogte van blootstelling aan 
serotoninee in de ziekte periode voorafgaand aan de studie bleken significant hoger te zijn 
bijj  patiënten met hartschade vergeleken met de niet-CHD groep. ANP waarden waren 
significantt hoger in patiënten met CHD. Er bleek geen verschil aantoonbaar te zijn in de 
hoogtee van TGF-P en FGF in beide groepen. Overleving bleek significant korter te zijn bij 
patiëntenn met hartzieke (gemiddelde 13 maanden) vergeleken met de patiënten zonder 
hartschadee (23 maanden). 

Hoofdstukk 2.2 is een commentaar op het artikel van Moller et al. in de New England 
Journall  of Medicine (2003) die 71 carcinoid patiënten evalueerden op de aanwezigheid 
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vann CHD. Zij concludeerden dat vooral een hogere piekwaarde van de urine 5-HIAA 
uitscheidingg een voorspellende factor was in het ontstaan van CHD. In het commentaar 
stellenn wij dat in onze eerder genoemde studie (hoofdstuk 2.1) naast de urine 5-HIAA 
piekwaarde,, de totale duur en hoogte van blootstelling aan serotonine een nog belangrijker 
maatt voor het ontstaan van CHD bleek te zijn. 

Natriuretischee peptiden zoals atriaal natriuretisch peptide (ANP) en B-type natriuretisch 
peptidee (BNP) worden uitgescheiden door het hart bij een verhoogde druk op de wand van 
hett hart. Als gevolg van lekkage bij insufficiënte hartkleppen door carcinoid hartziekte 
(CHD)(CHD) treedt er overbelasting op met dilatatie van het hart en uitscheiding van deze 
natriuretischee peptiden. In hoofdstuk 3 werd geëvalueerd of de hoogte van ANP en BNP 
kann dienen als maat voor het bestaan van CHD om zo naast het huidige standaard 
onderzoek,, de echo van het hart, hartschade vroegtijdig op te sporen. Van de 32 patiënten 
blekenn er 9 aan de echografische criteria van CHD te voldoen (28%). BNP waarden waren 
significantt hoger bij patiënten met hartschade vergeleken met de niet-CHD patiënten. De 
matee van dilatatie van het hart bleek gecorreleerd te zijn met de hoogte van de BNP 
waardee evenals de mate van insufficiëntie van de hartklep. BNP bleek een gevoeliger maat 
tee zijn voor het vaststellen van carcinoid gerelateerde hartschade dan ANP. In een directe 
vergelijkingg bleek het bepalen van ANP geen aanvullende waarde te hebben naast BNP. 
Bijj  een grenswaarde van 220 ng/1 is de positief voorspellende waarde van BNP 69% en de 
negatieff  voorspellende waarde 100%. De overleving bleek significant beter te zijn bij 
patiëntenn met normale BNP waarden vergeleken met patiënten met een verhoogde BNP 
waarde.. Bepaling van BNP blijkt waardevol te zijn in het diagnostiseren van CHD. 

Bepalingg van 5-HIAA, het afbraak product van serotonine, in urine speelt een centrale rol 
inn de diagnostiek en behandeling van carcinoid patiënten. Hoewel serotonine door snelle 
afbraakmechanismenn uit het lichaam verwijderd wordt en als 5-HIAA in de urine wordt 
uitgescheiden,, wordt van oudsher de 24-uurs urine gebruikt als maat voor de serotonine 
productie.. Het verzamelen van urine gedurende 24 uur is lastig voor de patiënt en de kans 
opp fouten bij de verzameling is groot, zeker bij patiënten die last hebben van diarree. Het 
zouu dan ook een groot voordeel zijn als een enkele portie voldoende is om de serotonine 
productiee te beoordelen. In hoofdstuk 4 werd onderzocht of een portie urine verzameld in 
eenn 4-of 8-uur interval de 24-uurs verzameling zou kunnen vervangen. Verder werd 
onderzochtt of er sprake was van variatie in de mate van 5-HIAA uitscheiding gedurende 
244 uur en of toename van klachten gepaard ging met een toegenomen 5-HIAA waarde in 
dee verzamelde periode. 

Dee portie urine gedurende een 8-uur interval in de nacht verzameld bleek een zeer 
betrouwbaree weergave te zijn van de 24-uurs waarde. In vergelijking met de 24-uurs 5-
HIAAA excretie was de uitscheiding in de ochtend significant hoger en werd een significant 
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lageree waarde gevonden in de avond. Dit is in overeenstemming met de informatie van 
carcinoidd patiënten dat zij bij het opstaan de meeste klachten hebben. Een relatie tussen de 
ernstt van de klachten en de hoogte van de 5-HIAA excretie kon niet worden aangetoond. 
Well  bleken patiënten met een grote wisseling in 5-HIAA uitscheiding vaker last te hebben 
vann ernstige diarree dan patiënten die een vlak uitscheidingspatroon vertoonden. Mogelijk 
speeltt variatie in de excretie bij deze klacht een belangrijke rol. 

Deell  2: Therapeutische mogelijkheden 

Inn hoofdstuk 5.1 wordt een overzicht gegeven van de toepassing van verschillende 
vormenn van MIBG (farmacologisch, radioactief gelabeld of de combinatie) in de 
behandelingg van klachten van het carcinoid syndroom. Er worden drie patiënten 
beschrevenn die zo een goede palliatie verkregen. 

Hoofdstukk 5.2 is een commentaar op het artikel van Pathirana et al. in de European 
Journall  of Surgical Oncology (2001) waarin het gebruik van 131I-MIB G als een simpele en 
kostenn effectieve methode wordt beschreven om de klachten van het carcinoid syndroom 
tee palliëren. Deze bevindingen komen overeen met onze ervaringen. We benadrukken in 
onss commentaar, dat de combinatie van farmacologische ("koud") MIBG gevolgd door 
radioactieff  gelabeld ("heet") MIBG tot een betere opname van MIBG in de tumor kan 
leidenn en hierdoor bij meer patiënten toepassing van MIBG behandeling mogelijk maakt. 

Inn hoofdstuk 6 wordt een fase 2 studie beschreven waarbij behandeling van MIBG en 
interferonn gecombineerd wordt. De hypothese is, dat de combinatie van deze twee 
behandelingenn elkaar versterkt doordat voorbehandeling met interferon de opname van 
MIBGG vergroot. Om dit te meten werd op verschillende momenten in de behandeling een 
13,I-MIB GG scan verricht, waarbij de opname in de levermetastasen gemeten werd ten 
opzichtee van normaal leverweefsel en ten opzichte van de normale buikachtergrond. Na 
eenn periode van 8 weken interferon toediening bleek er bij 19% van de patiënten een 
toenamee van meer dan 10% in de MIBG opname te zijn in de levermetastasen vergeleken 
mett de opname in normaal leverweefsel. Na toediening van "koud" (farmacologisch) 
MIBGG werd wederom een 131I-MIB G scan verricht. Na deze behandeling was er in 50% 
vann de patiënten meer dan 10% toename van de 131I-MIB G opname in levermetastasen. 
Omm uit te sluiten dat deze verbetering in de opname van MIBG alleen relatief was en 
gebaseerdd op een verandering in de MIBG opname in normaal leverweefsel door gebruik 
vann interferon, werd ook een meting gedaan met de normale buikachtergrond als 
referentie.. In respectievelijk 23% en 83% van de patiënten werd een toename van meer 
dann 10% in MIBG opname gemeten in tumorweefsel na behandeling met interferon en 
MIBG.. Het hierbij gemeten verschil berust op een absolute toename in MIBG opname. 
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Dee veranderingen in MIBG opname na interferon behandeling waren niet significant in 
tegenstellingg tot de veranderingen na MIBG toediening. De kwaliteit van leven gemeten 
opp verschillende onderdelen veranderde niet significant gedurende de verschillende 
momentenn van behandeling, toepassing van interferon gaf echter wel verbetering van 
klachtenn van het carcinoid syndroom, terwijl MIBG behandeling vooral de algemene 
klachtenn als vermoeidheid en gebrek aan eetlust deed verbeteren. 

Hoofdstukk  7 geeft een overzicht van de resultaten van lokale behandeling van 
levermetastasenn middels embolisatie (n=13) en radio-frequente ablatie (RFA) (n=3). Na 
embolisatiee van de lever was er een afname van 32% in urine 5-HIAA uitscheiding. Bij 
driee van de 13 behandelde patiënten (23%) ging dit gepaard met een langdurige 
verbeteringg van klachten. Drie patiënten werden behandeld met RFA. Bij alle drie daalde 
dee 5-HIAA uitscheiding in de urine en bij twee patiënten was er een duidelijke verbetering 
vann klachten. Deze eerste ervaringen met RFA bij carcinoid patiënten zijn hoopgevend 
genoegg om de ervaring uit te breiden. 

Inn hoofdstuk 8 wordt gezocht naar een antwoord op de vraag waarom sommige 
huidmetastasenn van carcinoid ernstige pijnklachten geven terwijl andere huidmetastasen 
dee patiënt geen klachten geeft. Bij vergelijking van het PA materiaal van deze twee 
uitingsvormenn van huidmetastasen werden geen duidelijke verschillen gevonden in 
weefselopbouw,, celdeling of celverval. Evenmin was er verschil in de mate van 
betrokkenheidd van bloedvaten of zenuwweefsel in het tumor weefsel. Verbetering van 
pijnklachtenn kon bij onze patiënten alleen verkregen worden door de uitzaaiingen 
chirurgischh te laten verwijderen. 

Vooruitbli k k 

Dee afgelopen jaren blijkt uit de cijfers van de Integrale Kanker Centra, dat de prognose 
vann gemetastaseerd carcinoid in Nederland verbeterd is. De keuze van de optimale 
behandelingg en de timing daarvan is belangrijk gezien het uitgebreide spectrum van 
problemenn die deze tumor met zich meebrengt. Een multidisciplinaire aanpak is daarbij 
vann groot belang. 
Bijj  een aanzienlijk deel van de patiënten met gemetastaseerde ziekte lukt het niet om de 
primairee tumor op te sporen. Veel van deze primaire tumoren bevinden zich in de dunne 
darmm en de huidige beeldvormende technieken falen hierbij vaak. De primaire tumor kan 
echterr in het beloop van de ziekte tot aanzienlijke problemen leiden, zoals darmobstructie 
enn fibrosering van het mesenterium met het afknikken van delen van de darm en ischemie 
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mett afsterven van de darm tot gevolg. De recente ontwikkeling van endoscopic met een 
videoo capsule die na inslikken beelden verzamelt van de dunne darm kan helpen de 
primairee tumor op te sporen. Door in een vroeg stadium te opereren kunnen ernstige 
complicatiess in het verdere beloop van de ziekte voorkomen worden. 
Hoewell  de 5-HIAA bepaling in 24-uurs urine een centrale rol speelt bij de diagnose van 
dee ziekte, zijn er beperkingen bij het gebruik tijdens follow-up van de patiënt. Er is geen 
goedee verhouding tussen de hoogte van 5-HIAA uitscheiding en de hoeveelheid 
tumorweefsel,, bovendien vertonen de urine waarden soms variaties in hoogte zonder dat 
err verandering in ziekte activiteit is. Het chromogranine A is een marker die een stabieler 
beloopp in de tijd laat zien en bij de eerste studies ook een betere afspiegeling is van de 
hoeveelheidd aanwezig tumorweefsel. Hoewel de eerste foliow-up studies bij kleine 
patiëntenn aantallen zijn gedaan, lijk t deze nieuwe marker een betrouwbaarder maat voor 
hethet vervolgen van carcinoid patiënten dan de urine 5-HIAA waarde. 
Dee eerste resultaten van lokale behandeling van leveruitzaaiingen met RFA lijken 
veelbelovendd en momenteel wordt de ervaring met deze behandelingsmethode bij 
carcinoidd patiënten uitgebreid. 

Toepassingg van radioactief gelabelde somatostatine analoga is een nieuwe therapie vorm 
diee de mogelijkheid biedt om uitzaaiingen op verschillende plaatsen in het lichaam 
middelss lokale bestraling te behandelen. Voorwaarde voor het toepassen van deze therapie 
iss opname van somatostatine in de tumor lokalisaties op een inIn-pentetreotide scan. 
Omdatt mIn-pentetreotide, wat gebruik wordt voor de beeldvormende scan, een beperkte 
mogelijkheidd tot bestraling van grotere tumor haarden biedt, wordt bij deze techniek vaak 
gebruikk gemaakt van radioactief gelabeld Yttrium (90Y) of Lutetium (I77Lu). 

Hett aantal nieuwe carcinoid patiënten neemt per jaar langzaam toe. Enerzijds komt dit 
doorr een verbetering in de diagnostiek en zo toename in de herkenning van het aantal 
patiëntenn met carcinoid, anderzijds is er ook sprake van een reële toename in het aantal 
nieuwee gevallen van carcinoid. De sterfte aan gemetastaseerd carcinoid is de afgelopen 
jarenn gedaald. Met het verbeteren van de overlevingsduur kan de kans op het ontwikkelen 
vann complicaties zoals carcinoid gerelateerde hartziekte en ontstaan van nieuwe vormen 
vann metastasen zoals in de huid en het skelet toenemen. De therapie zal dan ook gericht 
moetenn zijn op het voorkomen, onderkennen en vroegtijdig behandelen van deze aspecten 
vann de ziekte. Bij de behandeling staat verlaging van de productie van serotonine centraal 
omm het ontstaan van hartschade te voorkomen. Dit kan bereikt worden door intensivering 
vann behandeling, bijvoorbeeld door het combineren van verschillende therapie vormen. 
Vervangingg van hartkleppen zal bij patiënten in een goede conditie overwogen moeten 
worden.. Uitgebreid operatief ingrijpen gericht op het reduceren van aanwezig 
tumorweefsell  kan complicaties verder in het ziekte beloop doen voorkomen. Verdere 
onderzoekk naar de mogelijkheden om primaire tumoren op te sporen in de dunne darm en 
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hiermeee de kans op complicaties in het ziektebeloop te verkleinen, zal verder kunnen 
bijdragenn aan het verbeteren van de behandeling van carcinoid patiënten. Middels een 
multidisciplinairee aanpak met een team bestaande uit een oncoloog, chirurg, patholoog, 
maag-darm-leverr arts, cardioloog, radioloog en nucleair geneeskundige, kan een verdere 
verbeteringg van de kwaliteit van leven met minder complicaties van de ziekte en de 
verlengingg van de overleving van carcinoid patiënten verwacht worden. 
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Dee afdeling nucleaire geneeskunde, Kees Hoefnagel en Renato Valdés Olmos. 
Besprekingenn met julli e beiden begonnen altijd gestructureerd om vervolgens vrij snel 
overr te gaan in chaos gekenmerkt door honderd-en-één ideeën. Alleen stroopwafels 
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1.. Botmetastasen van carcinoïden zijn het best te diagnostiseren met een botscan. 
DitDit  proefschrift 

2.. Ook bij het ontbreken van klachten moet bij de behandeling van carcinoid patiënten 
gestreefdd worden naar het verlagen van de serotonine uitscheiding om carcinoid 
gerelateerdee hartziekte te voorkomen. 
DUDU proefschrift 

3.. Behalve de hoogte van serotonine waarden is ook de duur van de blootstelling aan 
dezee verhoogde waarden een belangrijke factor in het ontstaan van carcinoid 
gerelateerdee hartschade. 
DitDit  proefschrift 

4.. De NT-proBNP waarde kan naast de echo van het hart gebruikt worden om gedurende 
dee follow-up van carcinoid patiënten hartschade te diagnostiseren. 
DitDit  proefschrift 

5.. Een overnacht verzamelde portie urine kan de 24-uurs urine vervangen om de 5-HIAA 
waardenn te bepalen. 
DitDit  proefschrift 

6.. De opname van 'i-MIB G in carcinoid tumoren neemt niet significant toe door 
behandelingg met Interferon. Voorbehandeling met farmacologische MIBG daarentegen 
vergroott deze opname significant. 
DitDit  proefschrift 

7.. Pijnlijke huidmetastasen van carcinoid tumoren kunnen het beste behandeld worden 
middelss lokale excisie. 
DitDit  proefschrift 

8.. De toename van kosten gepaard gaand met nieuwe behandelingen in de oncologie gaat 
helaass niet altijd samen met een evenredige stijging van het respons percentage. 

9.. De grootste frustratie van een automobilist is in een file te staan die niet op de radio 
genoemdd wordt. 

10.. Het aantal referenties is omgekeerd evenredig met de originaliteit van het artikel. 

11.. Het gewicht van de inhoud van een dokterjas is omgekeerd evenredig met de positie 
opp de carrière ladder van diegene die de jas draagt. 

12.. Het is niet mogelijk om de bij verkeersrotondes vaak gegeven opdracht "Geef 
spontaann uw richting aan" uit te voeren. 
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