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ARTICLE INFO ABSTRACT

Article history: Survival of patients with disseminated midgut carcinoid tumours varies. We investigated

Received 28 May 2007 which factors predict survival at referral and during follow-up, with emphasis on urinary

Received in revised form 16 July 2007 5-hydroxyindolacetic acid (5-HIAA) levels.

Accepted 26 July 2007 Between 1992 and 2003, 76 patients were studied; urine was prospectively collected over a

Available online 6 September 2007 24 h period every 3 months in order to measure 5-HIAA levels. Uni- and multivariate anal-
yses were performed.

Keywords: Median follow-up was 55 months with a median survival of 54 months. Prognostic factors

Midgut carcinoid tumour for poor survival were high age, high gamma-glutamyltransferase levels and greatly

Urinary 5-HIAA level increased 5-HIAA levels (>20 mmol/mol creatinine) The Hazard Ratio (HR) of a greatly

Survival increased 5-HIAA level was 3.33 (95% confidence interval (CI) 1.66-6.66, p = 0.001).

Prognostic factors In a multivariate survival analysis with the 5-HIAA level as time dependent covariable,

Neuroendocrine tumours the HR for the 5-HIAA level was 1.007 (95% CI 1.004-1.010, p = 0.000).

In conclusion, patients with persistent moderately increased urinary 5-HIAA levels (< 20
mmol/mol creatinine) have favourable outcome.
© 2007 Elsevier Ltd. All rights reserved.

1. Introduction and capable of secreting serotonin.' The World Health Organi-

sation nowadays classifies these tumours as well differenti-
Midgut carcinoid tumours are rare, slowly growing neuroen- ated neuroendocrine carcinomas of the small bowel.?
docrine tumours (NET) originating in the small intestine and However, the term midgut carcinoid tumour is still being used
proximal colon. They are derived from enterochromaffin cells for those tumours originating from the enterochromaffine
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cells, with serotonin secretion and associated with the carci-
noid syndrome. In patients with disseminated midgut carci-
noid tumours, an increased urinary 5-hydroxyindolacetic
acid (5-HIAA) level, the metabolite of serotonin, is found.?
The urinary 5-HIAA level is used as a diagnostic test and is
used in the evaluation of disease progression and treat-
ment.*> Treatment of patients with disseminated midgut car-
cinoid tumours is primarily palliative and aimed at
ameliorating symptoms, improving quality of life and pro-
longing survival. This can be achieved by somatostatin ana-
logues,® interferon,” targeted radionuclide therapy® and in
selective patients by surgery.® Treatment leads, in the major-
ity of patients, to a reduction of the urinary 5-HIAA levels but
rarely in objective tumour responses. Recently, however, sev-
eral targeted drugs such as sunitinib, bevacizumab and mTOR
inhibitors showed signs of antitumour activity in these tu-
mours.'®™ This raised the interest in the course of the dis-
ease in order to decide, in the future, when during this
protracted disease to start which drug.

Survival varies greatly between these patients and it is dif-
ficult to predict the course of an individual patient. In a large
population based study, 5 year survival rate was 44.1% for pa-
tients with disseminated midgut carcinoid tumours.* In sev-
eral studies prognostic factors were studied (Table 1).>*>77
Unfavourable factors for survival are high urinary 5-HIAA lev-
els at first visit in referral centres, high plasma Chromogranin
A (CgA) levels, the presence of liver or lymph node metasta-
ses, carcinoid heart disease, tumour size, histological grade
of differentiation and old age (Table 1). With the exception
of the study of Turner and colleagues no studies are available
that focussed on biochemical parameters during follow-up to
predict survival.** Given the numerous drugs that seem to be-
come available for these tumours it would be extremely help-
ful, in addition to radiological tumour measurements, to have
a marker available that indicates prognosis during follow-up.
This could guide selection of patients that potentially might
benefit from intervention with newer agents. Therefore, the
aim of the present study was to determine factors that predict
survival of patients with disseminated midgut carcinoid tu-
mours at referral and during follow-up with the emphasis
on the urinary 5-HIAA level.

2. Material and methods

2.1. Patients

Between January 1992 and December 2003 all patients with a
disseminated midgut carcinoid tumour who were referred for
treatment at the Department of Medical Oncology, University
Medical Centre Groningen, University of Groningen, were
studied. The diagnosis of a disseminated midgut carcinoid tu-
mour was based on the review of operation reports, the
pathology specimens, thoracoabdominal computed tomogra-
phy, somatostatin scintigraphy and increased levels of 5-
HIAA in a 24 h urine collection (upper reference limit 3.8
mmol/mol creatinine) and/or an increased level of serotonin
in platelets (upper reference limit 5.4 nmol /10° platelets).
Data on gender, age at diagnosis, race, metastases at presen-
tation, resection of the primary tumour, the presence of

flushes and diarrhoea, the use of somatostatin analogues
and/or interferon and survival were derived from the carci-
noid database of the Department of Medical Oncology. This
database contains medical information from the first
appointment at the outpatient clinic and during follow-up
of all patients with a midgut carcinoid tumour referred since
1987. Patients are regularly seen during follow-up every 3 to 6
months by the medical oncologist. An echocardiography is
performed at referral and thereafter when patients are sus-
pected of having carcinoid heart disease, i.e. complaints of
dyspnoea and/or oedema, new findings on cardiac ausculta-
tion or physical signs of heart failure. In this database the pa-
tient is anonymous using a unique patient code, only known
to one dedicated data manager. The database can only be
checked through this data manager. Last moment of follow-
up was February 2007.

2.2.  Laboratory and biochemical markers

Serotonin in platelet-rich plasma was determined by high
performance liquid chromatography (HPLC) with fluoromet-
ric detection, expressed in nmol/10° platelets.*® The upper
reference limits of alkaline phosphatase (ALP) and gamma-
glutamyltransferase (GT) were 120 U/l and 50 U/l respec-
tively. Urinary 5-HIAA was determined by HPLC with fluoro-
metric detection, in a 24 h urine collection and expressed as
mmol/mol creatinine.®® These data were prospectively col-
lected every 3 to 6 months and put in the carcinoid
database.

2.3.  Statistical analysis

2.3.1. Univariate testing
Differences in survival between groups were analysed
using Kaplan-Meier survival curves and tested with the
log rank test. We used the following parameters: gender,
the presence of liver metastases at referral, resection of
the primary tumour prior to referral, plasma ALP and
plasma GT levels (above or beneath the reference limit)
and the urinary 5-HIAA levels at referral. Patients were
grouped according to their urinary 5-HIAA levels with a
cut-off level of 20 mmol/mol creatinine according to previ-
ous reported prognostic levels.”'° Hazard ratios (HR) were
calculated using a univariate Cox regression analysis with
plasma ALP, plasma GT, age and urinary 5-HIAA levels as
a continuous variable. Since laboratory investigations were
determined at presentation, ‘survival since referral’ in-
stead of ‘survival since diagnosis’ was used in the survival
analyses.

All tests were performed two-sided and a p value of <0.05
was considered statistically significant. All statistical analy-
ses were performed using SPSS version 14.0.

2.3.2. Multivariate testing

To study the effect of several prognostic factors at presenta-
tion we performed a multivariate Cox regression analysis
including factors related to outcome in the univariate analy-
sis (p < 0.1). All variables were included in this analysis as con-
tinuous variables; the urinary 5-HIAA level was also included
as a grouping variable.



Table 1 - Previous studies identifying prognostic factor for survival for patients with midgut carcinoid tumours

Author No Tumour 5-year 5-year survival Prognostic factors univariate Prognostic
survival rate rate subgroups factors, multivariate
Gatta et al.” 7693 GEP-NET” 47% age, time period, histological
grade of differentiation
Janson et al."® 256 midgut? 63% liver metastases, 5-HIAA age
(> 300 umol/24 h), high Cg A,
NPK, age
Wangberg et al.>® 64 midgut? 69%
Hellman et al.’ 314 midgut? 57% liver metastases resection primary and/or
median 4.9 years lymph nodes, liver metastases,
5-HIAA (> 250 umol/24 h),
biotherapy
Maggard et al.? 2778 small bowel” 55% distant metastases 32% tumour size
Makridiset al.* 121 midgut® age
Modlin et al.»® 3458 small bowel” 61% ('92-'9) midgut, distant
metastases 44%
Pape et al.?® 254 GEP-NET® 57% ileojejunum 67% tumour size (> 2 cm), grade of
differentiation
Agranovich et al.®® 87 GEP-NET® grade of differentiation, 5-HIAA
Shebani et al. *° 150 GI carcinoid® ileojejunum 68% tumour site, male gender, age age, liver/lymph node
metastases, male sex
Turner et al.* 139 midgut? 53% age, 5-HIAA, NKA, liver age
metastases, resection
primary tumour
Zar et al.*’ 2526 small bowel” duodenal 60% age, period of diagnosis age, period of diagnosis
ileojejunum 56%
Soreide et al.* 154 GI carcinoid® 69% age, tumour site, tumour size, age, liver metastases
depth of invasion, liver/lymph
node metastases
Soga et al.*? 748 cs? 76% digestive 67%
extra digestive 89%
Westberg et al.*® 64 csk CHD + 30% age, tricuspid abnormalities
CHD - 75%
Quaedvlieg et al.?® 2391 carcinoid” 72% GI tumour, distant age, stage, gender, tumour
metastases 21% site, year of diagnosis
Kirshbom et al.?° 434 carcinoid® midgut 10 year Midgut, distant metastases
survival 50% 10 year survival 28%
McDermott et al.? 188 GEP-NETR small bowel 66% male sex, T4 tumour, male sex, metastases
tumour size, liver/lymph node
metastases
Greenberg et al.’® 270 carcinoid® small bowel 66% tumour site, stage age, tumour site, stage
Lepage et al.”* 229 GEP-NET? 43% small bowel 48% age, male sex, stage, age, tumour site, stage
curative resection
Lepage et al.” 3233 GEP-NET? 57% small bowel 59% age, male sex, tumour site
Sjoblom et al.* 48 small bowel® liver metastases 54%
Saha et al.?® 112 GEP-NET® ileojejunum 30%
Pellika et al.”’ 132 cs® CHD + 20%
CHD - 50% CHD

GEP-NET = gastroenteropancreatic neuroendocrine tumour, GI = gastrointestinal, CS = carcinoid syndrome, CHD = carcinoid heart disease, 5-HIAA = 5 hydroxyindolacetic acid, NKA = neurokinin A,

NPK = neuropeptide K, R = referral based, P = population based, CgA = Chromogranin A.
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2.3.3.  Urinary 5-HIAA level as a time dependent variable
Next to survival after referral we also studied the prognostic
value of the urinary 5-HIAA levels across time using a Cox
Regression model with the urinary 5-HIAA level as a time-
dependent covariate, also including factors mentioned above.
The urinary 5-HIAA level was evaluated as a 3 monthly mea-
surement. If data on the urinary 5-HIAA level was missing
(203 (23%) out of 666 measurements), we interpolated using
the level 3 months prior to and 3 months after this date. We
used the urinary 5-HIAA level 6 months prior to the visit to
predict survival. If the difference between the actual follow-
up since referral and the last moment of urine collection
was < 6 months, then the last urinary 5-HIAA level was
extrapolated. For patients with missing data on urinary
5-HIAA levels > 12 months before the last moment of fol-
low-up, the last follow-up date was determined as 6 months
after the last urine collection. These patients were alive at
this moment of follow-up. To determine the effect of the
cumulative exposure to serotonin we also used the cumula-
tive 5-HIAA level at every moment of follow-up as a time-
dependent variable. The cumulative 5-HIAA level was
calculated as the sum of the separate urinary 5-HIAA levels
measured every 3 months.

3. Results

3.1. Patients

A total of 76 patients, 33 male and 43 female patients, all Cau-
casian, were included. Table 2 shows the characteristics of pa-
tients at referral. Nine patients (11.8%) developed carcinoid
heart disease during follow-up. Patients with carcinoid heart
disease had higher urinary 5-HIAA levels at referral, 52.8

Table 2 - Characteristics of patients at referral

Mean age at diagnosis - years (+SD) 59.4 (9.6)
Mean age at referral — years (+SD) 60.7 (9.3)
Median duration of complaints 20 (1-577)
before referral-months (+SD)
Primary tumour site — n (%)
lleum 43 (56.6)
Small bowel 4 (5.3%)
Colon 7 (9.2%)
Unknown 22 (28.9)
Presence of liver metastases 61 (80.3%)
Complaints - n (%)
Diarrhoea 49 (64.5)
Flushes 51 (69.9)
Treatment — n (%)
Somatostatin analogues 11 (14.5%)
Interferon 1 (1.3%)
Laboratory values
Median alkaline 93 (35-401)
phosphatase - U/l (range)
Median gamma- 41 (12-505)
glutamyltransferase - U/l (range)
Mean serotonin in platelets - 26.2 (10.5)

nmol/10°platelets (SD)
Median urinary 5-HIAA level -
mmol/mol creatinine (range)

21.0 (1.3-418.4)

5-HIAA = 5-hydroxyindolacetic acid.
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Fig. 1 - Median urinary 5-hydroxyindolacetic acid (5-HIAA)
levels during follow-up with interquartile ranges.

mmol/mol creatinine (range 8.5-252.0 mmol/mol creatinine)
compared to patients without carcinoid heart disease, 18.6
mmol/mol creatinine (range 1.3-418.4 mmol/mol creatinine)
(p = 0.085). Patients were referred after a median duration of
disease of 2 months (range 0-184 months). The median dura-
tion of complaints for patients with an urinary 5-HIAA level
of <20 mmol/mol creatinine was 13 months (range 1-577
months) compared to 26 months (range 1-247 months) for pa-
tients with an urinary 5-HIAA level >20 mmol/mol creatinine
(p = 0.229). Patients with liver metastases (n=61) had higher
levels of ALP and GT at referral, median 99 U/] versus 74 U/1
(p =0.316) and 42 U/l versus 32 U/1 (p = 0.072) respectively.

Median follow-up was 55 months (range 0.5-143). Fig. 1
shows the median urinary 5-HIAA levels during follow-up
with interquartile ranges.

3.1.1. Survival, univariate testing

Overall median survival from diagnosis and since referral was
75 months (95% confidence interval (CI) 61-88 months) and 54
months (95% CI 42-67 months) respectively, with a 5 year sur-
vival rate of respectively 56.8% and 48.5% (Fig. 2). Age as a
continuous variable was a prognostic factor with a HR of
1.043 (95% CI 1.014-1.073, p = 0.003) Table 3 shows the univar-
iate analysis of different characteristics at referral. Lowering
or raising the cut-off level of the urinary 5-HIAA level did
not increase the difference in survival between the groups
when compared to the difference of 57 months for patients
with a urinary level of <20 mmol/mol creatinine and >20
mmol/mol creatinine (Fig. 3).

3.1.2. Survival, multivariate testing

In the multivariate model, age, a greatly increased urinary 5-
HIAA level (>20 mmol/mol creatinine) and a raised GT level at
referral were independent prognostic factors for survival
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Fig. 2 - Survival after diagnosis (months).

(Table 4). Patients with an urinary 5-HIAA level of >20 mmol/
mol creatinine at referral had a worse survival compared to
patients with a urinary 5-HIAA level of < 20 mmol/mol creat-
inine with a HR of 3.33 (95% CI 1.66-6.66) (p = 0.001).

3.1.3.  Urinary 5-HIAA level as a time dependent variable
Eleven patients (14%) did not collect urine for measurement of
5-HIAA levels for >12 months prior to the last follow-up date.
Median difference between the actual follow-up and the fol-
low-up until the last urine collection in these patients was
38 months (range 14-80 months). Five out of 11 patients had
a change in vital status; deceased at the last follow-up mo-
ment of February 2007, but still alive 6 months after the last
moment of urine collection. In the extended multivariate
Cox regression analysis, the HR of the urinary 5-HIAA level
as a time dependent variable was 1.007 (95% CI 1.004-1.010
p=0.000). The cumulative urinary 5-HIAA level as a time
dependent variable had an HR of 1.001 (95% CI 1.000-1.001,
p = 0.000).
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Fig. 3 — Survival after referral, difference between patients
with urinary 5-hydroxyindolacetic acid (5-HIAA) <20 mmol/
m creatinine and >20 mmol/m creatinine.

4, Discussion

To our knowledge, this is the first study to demonstrate that
the urinary 5-HIAA level is an independent prognostic factor
both at referral and during follow-up for patients with a dis-
seminated midgut carcinoid tumour. Patients with a greatly
increased urinary 5-HIAA level at referral (>20 mmol/mol cre-
atinine) had a median survival of 33 months compared to 90
months for patients with a moderately increased level (<20
mmol/mol creatinine). Next to the urinary 5-HIAA level we
found that high age and a high GT level at referral were inde-
pendent prognostic factors for a worse survival. An extended
multivariate analysis identified the urinary 5-HIAA level as an
independent predictor for worse survival with an HR of 1.007
for each increment of the urinary 5-HIAA level (mmol/mol
creatinine).

The data obtained with a 5 year survival rate of 56.8% is
comparable to the survival found in previous studies (Table

Table 3 - Univariate analysis with respect to survival

Factor No. HR 95% CI Survival 95%CI 5 year P
(months) survival (%)

Age (years) 76 1.043 1.014-1.073 0.003

Gender 0.786 0.462-1.336 0.372
Male 33 65 54-77 60 0.670
Female 43 51 41-61 40

Liver metastases 1.790 0.845-3.789 0.104
Present 61 52 37-69 45 0.123
Not present 15 64 31-97 64

Resection primary tumour 0.606 0.341-1.076 0.087
Yes 27 75 44-107 57 0.084
No 49 52 37-68 44

Gamma-glutamyltransferase (U/1) 1.009 1.004-1.013 0.000
Normal 47 66 53-79 60 0.026
Raised 29 43 23-64 28

Alkaline phosphatase (U/1) 1.006 1.003-1.010 0.001
Normal 59 64 51-77 55 0.063
Raised 17 29 23-35 25

Urinary 5-HIAA level (mmol/mol creatinine) 1.004 1.001-1.006 0.003
<20 37 90 69-111 72 0.000
>20 39 33 29-36 26

HR = hazard ratio, CI = confidence interval, 5-HIAA =5 hydroxyindolacetic acid.
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Table 4 — Multivariate analysis with respect to survival

Factor HR 95%CI p
Age 1.052 1.02-1.084 0.001
Resection primary tumour 0.581 0.306-1.104 0.097
Gamma-glutamyltransferase 1.009 1.003-1.015 0.002
Alkaline phosphatase 1.002 0.997-1.008 0.4
Urinary 5-HIAA level (mmol/mol creatinine) 1.003 1.000-1.006 0.033

HR = Hazard ratio, CI = confidence interval, 5-HIAA =5 hydroxyindolacetic acid.

1) and therefore allows generalisation of our findings. Sev-
eral studies did observe urinary 5-HIAA levels at presenta-
tion to be related with outcome in univariate analysis but
after correction for other factors such as age, it did not
stand out.®'3* Our study with a relatively high number of
measurements per patient, validates the use of the urinary
5-HIAA level during follow-up not only for monitoring the
effect of therapy but also for predicting survival in an indi-
vidual patient at any moment during follow-up.> The HR of
the cumulative 5-HIAA level, as a time dependent variable,
was 1.001. This suggests that the absolute urinary 5-HIAA
level, and thus the absolute serotonin production, is impor-
tant, as previously described by Denney and colleagues for
the development of carcinoid heart disease.*® A cumulative
5-HIAA level does not seem to give additive information in
predicting survival. At presentation there seems to be a
threshold for the urinary 5-HIAA level at 20 mmol/mol cre-
atinine for predicting survival, since raising the cut-off level
(to the level of 40 mmol/mol creatinine) did not influence
the difference in survival of 57 months between the groups
(data not shown).®'° Serotonin has its harmful effects
through five different serotonin receptors, and saturation
of these receptors could potentially well explain this
threshold.

We observed that GT levels predicted survival, probably as
a reflection of the presence, or the extent of liver metastases,
since GT and ALP rise in the presence of liver metastases.*"*?
Clancy and colleagues also observed that ALP predicted sur-
vival in patients with disseminated neuroendocrine tu-
mours.*® Their analysis did not include GT levels. A recent
study of Formica and colleagues also showed that raised liver
enzymes were associated with a worse prognosis, including
GT but not ALP.** The HR of the presence of liver metastases
did not reach statistical significance in our analysis; however,
we did not collect information on the extent of the liver
metastases.

Our findings might have a number of potential implica-
tions for the clinic. First, since urinary 5-HIAA levels are prog-
nostic at every moment during follow-up it seems justified to
initiate treatment not only for symptoms but also because of
greatly increased urinary 5-HIAA levels.®’ In two previous
studies it was already suggested that somatostatin analogues,
by lowering serotonin secretion, prolong survival in patients
with midgut carcinoid tumour.?®3* Secondly, when a patient
first presents, it is often difficult to predict prognosis and jus-
tify starting antitumour treatment with e.g. the newer tu-
mour agents. Currently, in clinical trials, clear radiological
tumour progression is often required. However, based on
our findings, patients with a high urinary HIAA level might

be eligible without proof of recent anatomical tumour
progression.*

A limitation has to be mentioned, although this is also true
for other prognostic studies. Patients with midgut carcinoid
tumours and also disseminated disease often present follow-
ing a long patient and doctors delay.” As a consequence these
analyses are based on values after the first visit and not after
disease onset.

In summary, our study shows that next to high age and a
high GT level at referral, the urinary 5-HIAA level is an inde-
pendent prognostic factor both at referral and during fol-
low-up.
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