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1

General Introduction

GeNeraL iNtrOduCtiON

1. HistOry OF NeurOeNdOCriNe tumOrs (Nets) 

Nomenclature
The nomenclature of neuroendocrine tumors (NETs) has changed over time and has 
often led to confusion. At the beginning of the twentieth century (1907), the German 
pathologist, Siegfried Oberndorfer, introduced the term “karzinoide” (carcinoid, or 
carcinoma-like) for submucosal tumors in the small bowel, thereby connecting the 
carcinoma-like features of these tumors with their relatively benign disease course1, 2. 
The term carcinoid was subsequently connected to the tumor localization of NETs aris-
ing from the gut and lesions from the bronchopulmonary system. In addition, the more 
aggressive, poorly differentiated NETs came to be defined as “atypical carcinoids”. “Carci-
noid” is also used as a general term to describe the clinical “carcinoid syndrome”, which is 
the result of an overproduction of vasoactive peptides by small intestinal and bronchial 
NETs. The term ‘“carcinoid’ is currently still widely used and a source of nomenclature 
confusion. The WHO nomenclature has replaced the term gastrointestinal carcinoid by 
NET with a classification for the tumor according to the degree of differentiation and 
proliferation2-6. For the bronchopulmonary NETs, the widely used terminology remains 
“typical“ and “atypical carcinoids”7.

History of functional pancreatic NETs
Insulinoma: In 1869 German pathologist, Paul Langerhans, was the first to describe 

pancreatic islet cells, named the “Ilots de Langerhans” by the French histologist G. Ed-
ouard Laguesse in 18938. The American (US) surgeon Seale Harris was the first to identify 
a case of endogenous hyperinsulinism in 19249, but the association between hyperin-
sulinism and a functional pancreatic islet cell tumor was established by US physician 
Russel M. Wilder et al. in a necropsy report in 192710. During the previous year (1926), 
the US surgeon William J. Mayo had performed an exploratory laparotomy on this same 
patient who was eventually diagnosed with a metastatic, malignant insulinoma11.

Glucagonoma: The US physiologists Charles P. Kimball and John R. Murlin were the 
first to describe glucagon in 192312. In 1942, US dermatologist S. William Becker et al. 
were the first to describe the typical skin eruption, afterward called “necrolytic migratory 
erythema” in a patient with a pancreatic glucagonoma13.

VIPoma: In 1958, US physician John V. Verner and Irish-US pathologist Ashton B. 
Morrison were the first to describe a watery diarrhea syndrome as “Verner Morrison 
syndrome”14. In 1970, vasoactive intestinal peptide (VIP) was isolated by the Egyptian-
American physician Sami Said and Estonian-Swedish biochemist Viktor Mutt15. 
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Gastrinoma: Sporadic case reports of patients with peptic ulcer disease and acid hy-
persecretion in the presence of pancreatic tumors had already appeared prior to 1955. 
However, US surgeons Robert. M. Zollinger and Edwin. H. Ellison were the first to dem-
onstrate a causal relationship between these findings when they reported upon two 
cases of gastrinoma in 195516. In 1967, the British physiologist Roderic A. Gregory et al. 
succeeded in extracting gastrin from a pancreatic NET17, thereby linking the Zollinger-
Ellison syndrome (ZES) to the functional NET called “gastrinoma”. 

Somatostatinoma: In 1977, the research groups of Lars-Inge Larsson and Jens 
Rehfeld, and of Om Ganda independently reported the first two cases of pancreatic so-
matostatinoma18, 19. In 1979, the somatostatinoma syndrome in a 52-year-old man with 
distinct clinical symptoms and excessive somatostatin levels of a tumor of the ampulla 
of Vater was comprehensively described by the Austrian gastroenterologist Günter Krejs 
et al20.

2.  epidemiOLOGy OF GastrOeNterOpaNCreatiC 
NeurOeNdOCriNe tumOrs (Gep-Nets)

Due to inconsistency in the nomenclature and classification of NETs, precise epidemi-
ology of Gastroenteropancreatic (GEP)-NETs has not been established to date. In the 
past, national cancer registries considered some GEP-NETs not to be malignant and, 
therefore, did not record these in their databases. Incidence and prevalence of GEP-NETs 
have shown a remarkable increase over the past three decades. Whether this is a true 
increase in NET incidence, the result of improved diagnostic procedures and medical 
attention of clinicians, the result of better registration, or a combination of all these pos-
sible explanations, is still unclear.

Recent epidemiologic studies show that the age-adjusted incidence of all GEP-NETs 
is 3.65, for pancreatic NETs this is 0.43, for bronchial NETs this varies between 0.2 and 
2.0 and for thymic NETs it is 0.4 per 100,000 population per year21, 22. In the Netherlands, 
the incidence of gastro-intestinal (GI)-NETs, in men and women was 1.8 and 1.9 re-
spectively per 100,000 inhabitants (1989-1996)23. From 2007 to 2011, the Dutch Cancer 
Registry reported a strong increase in incidence of NETs with 2,679 new patients (16.4 
per 100,000) in 2007 growing to up to 3,144 new patients (19.0 per 100,000) in 2011. (< 
Dutch National Cancer Registry).
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General Introduction

3. diaGNOsis

Clinical aspects of GEP- and bronchopulmonary NETs
Historically, NETs were classified according to their localization in the embryologic gut, 
i.e. the foregut, midgut and hindgut. Foregut tumors included bronchopulmonary, gas-
tric, proximal duodenal and pancreatic NETs, midgut NETs were localized from the distal 
duodenum up to the ascending colon and hindgut tumors originated from the neuroen-
docrine cells in the transverse and descending colon and rectum24. The clinical presenta-
tion of GEP-NETs varies according to the anatomic site of origin, size, functionality and 
metastatic spread of the primary tumor. Functioning NETs give early hormone-related 
symptoms, whereas non-functioning NETs present late with symptoms attributable to 
tumor growth and metastatic spread. Non-functioning NETs are often clinically silent 
(i.e. not causing a hormonal, or hormone related syndrome) and are frequently discov-
ered as incidental findings25. Morbidity and mortality in patients with functioning NETs 
are mainly caused by the secretion of bioactive peptides and their related biological 
effects in combination with the effects of tumor expansion, while patients with non-
functioning NETs suffer more from tumor expansion with mechanical effects, like bowel 
obstruction or ischemia26, 27. The secretory products (peptides and amines), incidence 
and clinical features of GEP-NETs are presented in Table 1.

In addition to the production of peptides which are physiologically produced 
by the neuroendocrine cells of origin, functional NET can also produce hormones, 
growth factors and cytokines that are usually secreted by specific endocrine glands. 
The term paraneoplastic syndrome is used to describe this spectrum of symptoms28. 
Humoral paraneoplastic syndromes in GEP-NETs are: hypercalcemia of malignancy due 
to parathyroid hormone-related protein (PTHrP) secretion, Cushing’s syndrome caused 
by ectopic ACTH or CRH secretion, syndrome of Inappropriate Antidiuretic Hormone 
Secretion (SIADH) due to ectopic secretion of vasopressin (ADH), secretion of atrial na-
triuretic peptide (ANP), acromegaly secondary to growth hormone-releasing hormone 
(GHRH)-hypersecretion or production of GH, non-islet cell tumor hypoglycemia (NICTH) 
secondary to hypersecretion of an insulin growth factor 2 (IGF2) precursor and very rare 
ectopic luteinizing hormone (LH) production28.



Chapter 1

14

Ta
bl

e 
1.

 S
ec

re
to

ry
 p

ro
du

ct
s (

pe
pt

id
es

 a
nd

 a
m

in
es

), 
in

ci
de

nc
e 

an
d 

cl
in

ic
al

 fe
at

ur
es

 o
f G

EP
-N

ET
s a

cc
or

di
ng

 to
 a

na
to

m
ic

 si
te

.

SI
TE

PE
PT

ID
E/

A
M

IN
E

IN
CI

D
EN

CE
CL

IN
IC

A
L 

FE
AT

U
RE

S

BR
O

N
CH

O
PU

LM
O

N
AR

Y
5-

H
TP

Co
ug

h,
 h

em
op

ty
sis

, p
ne

um
on

ia
, a

irw
ay

 o
bs

tr
uc

tio
n 

AC
TH

, C
RH

, G
H

RH
, P

TH
-re

la
te

d,
 A

D
H

0.
2 

- 2
.0

Cu
sh

in
g’

s s
yn

dr
om

e,
 a

cr
om

eg
al

y, 
hy

pe
rc

al
ce

m
ia

, S
IA

D
H

Se
ro

to
ni

n 
(5

-H
T)

, t
ac

hy
ki

ni
ns

 
Ca

rc
in

oi
d 

sy
nd

ro
m

e

ST
O

M
AC

H
EC

L-
ce

lls
: h

ist
am

in
e

Ty
pe

 1
: C

hr
on

ic
 a

tr
op

hi
c 

ga
st

rit
is 

- h
yp

er
ga

st
rin

em
ia

0.
3

Ty
pe

 2
: Z

ol
lin

ge
r-E

lli
so

n 
Sy

nd
ro

m
e 

- h
yp

er
ga

st
rin

em
ia

Ty
pe

 3
: S

po
ra

di
c 

- i
nc

id
en

ta
l fi

nd
in

g 
en

do
sc

op
y

G
-c

el
ls:

 g
as

tr
in

, g
hr

el
in

, 5
-H

T
In

ci
de

nt
al

 fi
nd

in
g 

du
rin

g 
en

do
sc

op
y

PA
N

CR
EA

S 

N
on

-f
un

ct
io

ni
ng

Pa
nc

re
at

ic
 P

ol
yp

ep
tid

e
0.

43
M

as
s-

re
la

te
d 

eff
ec

ts
: a

bd
om

in
al

 p
ai

n,
 w

ei
gh

t l
os

s, 
na

us
ea

, j
au

nd
ic

e

Fu
nc

tio
ni

ng

In
su

lin
om

a
In

su
lin

, p
ro

in
su

lin
1 

- 2
W

hi
pp

le
’s 

Tr
ia

d:
 lo

w
 b

lo
od

 g
lu

co
se

 le
ve

ls,
 sy

m
pt

om
s o

f h
yp

og
ly

ce
m

ia
, i

m
pr

ov
em

en
t o

f 
sy

m
pt

om
s a

fte
r g

lu
co

se
 a

dm
in

ist
ra

tio
n

G
as

tr
in

om
a

G
as

tr
in

1 
- 1

.5
Zo

lli
ng

er
-E

lli
so

n 
Sy

nd
ro

m
e 

VI
Po

m
a

VI
P

0.
1

Ve
rn

er
-M

or
ris

on
 sy

nd
ro

m
e:

 se
cr

et
or

y 
di

ar
rh

ea
, h

yp
ok

al
em

ia
, a

ch
lo

rh
yd

ria
 

G
lu

ca
go

no
m

a
G

lu
ca

go
n

0.
01

-0
.1

D
ia

be
te

s M
el

lit
us

, n
ec

ro
ly

tic
 m

ig
ra

to
ry

 e
ry

th
em

a,
 w

ei
gh

t l
os

s

So
m

at
os

ta
tin

om
a

So
m

at
os

ta
tin

<
 0

.1
Ch

ol
el

ith
ia

sis
, d

ia
rr

he
a 

w
ith

 st
ea

to
rr

he
a,

 d
ia

be
te

s m
el

lit
us

Ec
to

pi
c 

ho
rm

on
e 

pr
od

uc
tio

n
AC

TH
, G

RF
, P

TH
rP

<
 0

.1
Cu

sh
in

g’
s S

yn
dr

om
e,

 a
cr

om
eg

al
y, 

hy
pe

rc
al

ce
m

ia
 

D
U

O
D

EN
U

M
5-

H
T,

 so
m

at
os

ta
tin

in
cl

ud
ed

Ab
do

m
in

al
 p

ai
n,

 n
au

se
a,

 v
om

iti
ng

, j
au

nd
ic

e,
 g

as
tr

oi
nt

es
tin

al
 b

le
ed

in
g

ga
st

rin
in

 
Zo

lli
ng

er
-E

lli
so

n 
Sy

nd
ro

m
e:

 p
ep

tic
 u

lc
er

s, 
di

ar
rh

ea
, e

pi
ga

st
ric

 p
ai

n

ile
um

In
ci

de
nt

al
 fi

nd
in

g 
du

rin
g 

en
do

sc
op

y

IL
EU

M
-J

EJ
U

N
U

M
5-

H
T 

(5
-H

IA
A)

, p
ro

st
ag

la
nd

in
s

Ca
rc

in
oi

d 
sy

nd
ro

m
e:

 fl
us

hi
ng

, d
ia

rr
he

a,
 b

ro
nc

ho
co

ns
tr

ic
tio

n,
 c

ar
ci

no
id

 h
ea

rt
 d

ise
as

e

ta
ch

yk
in

in
s, 

G
hr

el
in

 
1.

1
Ab

do
m

in
al

 p
ai

n,
 g

as
tr

oi
nt

es
tin

al
 b

le
ed

in
g,

 m
es

en
te

ric
 fi

br
os

is:
 o

bs
tr

uc
tio

n 
& 

isc
he

m
ia

A
PP

EN
D

IX
G

hr
el

in
, 5

-H
T,

0.
2

In
ci

de
nt

al
 fi

nd
in

g 
du

rin
g 

ap
pe

nd
ec

to
m

y, 
ab

do
m

in
al

 p
ai

n

CO
LO

N
G

hr
el

in
0.

3 
- 0

.4
Ab

do
m

in
al

 p
ai

n,
 g

as
tr

oi
nt

es
tin

al
 b

le
ed

in
g,

 e
nl

ar
ge

d 
liv

er
, w

ei
gh

t l
os

s

In
ci

de
nt

al
 fi

nd
in

g 
at

 sc
re

en
in

g 
fo

r c
ol

or
ec

ta
l c

an
ce

r

RE
CT

U
M

G
hr

el
in

, 5
-H

T,
0.

8 
- 1

.0
Re

ct
al

 b
le

ed
in

g,
 p

ai
n,

 c
on

st
ip

at
io

n

In
ci

de
nt

al
 fi

nd
in

g 
at

 sc
re

en
in

g 
fo

r c
ol

or
ec

ta
l c

an
ce

r



15

1

General Introduction

Diagnostic approaches of GEP-NETs: biomarkers, imaging, pathology, staging & 
grading
In general, patients with clinical signs and symptoms suggestive of NETs should be 
referred to a center with special interest in, and knowledge of, these malignancies. Accu-
rate diagnosis of GEP-NETs is based on general serum biomarkers (chromograninA – CgA 
and, neuron-specific enolase – NSE), pathologic elevations of circulating, hypersecreted 
neuroendocrine hormones or peptides29, imaging according to international protocols 
and standards30, 31, in combination with histological confirmation according to current 
guidelines32, 33.

Biomarkers
The general principle of biomarkers is based on the evaluation of a large panel of markers 
at strategic points in the disease course (e.g. at diagnosis or after relapse/recurrence) in 
order to identify specific biomarkers for an individual patient. However, some GEP-NETs 
are known for their variability in produced hormones and biomarker profiles over time.

General biomarkers
Chromogranin A (CgA)

The most important general serum marker, CgA, is a water-soluble acidic glycoprotein 
with 439 amino acids, which is found in the secretory dense core granules of most neu-
roendocrine cells34. The chromogranin family further consists of CgB, and secretogranin 
II, sometimes called CgC35. Depending on the extent of disease, serum CgA is elevated 
in >60% of patients with functionally active or non-functional NETs. The highest levels 
of CgA have been found in patients with metastatic small intestinal NETs and non-
functioning pancreatic NETs29, 36. CgA levels correlate with tumor volume and biological 
activity of the tumor, but care should be taken in measuring CgA and interpreting the 
results. Somatostatin analogs (SSAs) are known to affect blood levels of CgA by blocking 
the production and release of CgA in addition to reducing tumor mass. Falsely elevated 
circulating levels of CgA have also been reported in patients using proton pump in-
hibitors (PPIs) or histamine 2 blockers (H2-blockers), in patients with severe renal or 
liver failure and in those with chronic atrophic gastritis type A or inflammatory bowel 
disease36-38. A recent meta-analysis demonstrated that the sensitivity and specificity of 
elevated serum levels of CgA in the diagnosis of patients with NETs are 0.73 and 0.95, 
respectively39.

Neuron-specific enolase (NSE)

NSE, a cell-specific isoenzyme of the glycolytic enzyme enolase, is present in the 
cytoplasm of neurons and neuroendocrine cells. Serum NSE is elevated in 30-50% of 
patients with GEP-NETs40-42. NSE levels can be used as a circulating biomarker for both 
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non-functioning and functioning GEP-NETs43, 44. Several studies restrict the use of NSE as 
a marker for dedifferentiation of high grade tumors40.

24-hour urinary excretion of 5-hydroxy indole acetic acid (5-HIAA)

The urinary breakdown metabolite of serotonin is 5-hydroxy indole acetic acid (5-HIAA), 
which is a clinically relevant marker for NETs with the carcinoid syndrome. Levels of 
24-hour urinary 5-HIAA are correlated with severity of carcinoid heart disease and 
prognosis in patients with the carcinoid syndrome23, 45. The sensitivity of urinary 5-HIAA 
in the presence of a carcinoid syndrome in NETs is 90%. However, certain foods and 
medications can influence urinary 5-HIAA levels and should be avoided during 24-hour 
urine collection36.

Specific hormones
Insulin

The diagnosis of insulinomas is established using the following diagnostic criteria 
from the most recent consensus report from the US Endocrine Society: endogenous 
hyperinsulinism documented by the finding of symptoms, signs or both with plasma 
concentrations of glucose <3.0 mmol/liter (<55 mg/dl), insulin ≥3.0 mU/ml (≥18 pmol/l), 
C-peptide ≥0.6 ng/ml (≥0.2 nmol/l), and proinsulin ≥5.0 pmol/l46. Other consensus pa-
pers do not agree with the high cut-off level of blood glucose used in this guideline and 
prefer a cut-off value amounting to 2.2 mmol/l (40 mg/dl)47.

Gastrin 
In 40% of ZES patients, the diagnosis of gastrinoma or ZES is established by demonstrat-
ing elevated fasting serum gastrin (FSG) concentrations (>10x ULN) in combination with 
a low gastric pH<2. Determination of gastric pH is necessary because some conditions 
such as atrophic gastritis, pernicious anemia, Helicobacter pylori infections or the use of 
PPIs or H2-blockers cause hypergastrinemia. However, 60% of ZES patients have normal 
or only mildly elevated (2-10x ULN) FSG concentrations in combination with a gastric 
pH<2. For these patients, the secretin test is the provocative test of choice. In contrast 
with the physiological situation where secretin decreases gastrin levels, serum gastrin 
increases after infusion of secretin in ZES patients36, 48-51.

Other more rare NET hormones

The diagnosis of VIPoma can be confirmed by demonstrating elevated fasting plasma 
VIP and peptide histidine-methionine (PHM) concentrations. Elevated plasma glucose 
levels and elevated fasting plasma somatostatin levels can be measured in patients 
with somatostatinoma and elevated fasting plasma glucagon levels in patients with 
glucagonoma26.
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General Introduction

Imaging
In order to obtain tissue for definitive diagnosis, GEP-NETs must first be localized. The 
various localization techniques, which are able to identify both primary and metastatic 
tumor, are divided into morphological techniques and functional imaging.

Initial imaging for localization of the primary tumor and for the staging and planning 
of treatment for the extent of disease generally includes: somatostatin receptor scintig-
raphy using 111In-pentetreotide scintigraphy (Octreoscan) or 68Ga-DOTA-TATE Positron 
emission tomography (PET) in combination with CT (PET-CT), computed tomography 
(CT) and magnetic resonance imaging (MRI) of the chest, abdomen and pelvis25, 26.

For patients undergoing follow-up after complete resection or with stable disease and 
evaluation of treatment response, we prefer to perform an Octreoscan, or 68Ga-DOTA-
TATE PET once every other year or whenever indicated. For patients with advanced, 
metastatic disease, we generally prefer CT or MRI for the follow-up of known disease 
sites25, 26.

Morphological imaging of GEP-NETs
Transabdominal ultrasound

Transabdominal ultrasound is not considered the primary imaging modality for the 
localization of GEP-NETs due to low sensitivity as compared to other imaging modalities. 
It can, however, sometimes be used to guide percutaneous biopsies of metastases or 
primary lesions. Occasionally a non-functional NET with liver metastases is identified by 
ultrasonography done for other reasons31, 52.

Computed Tomography (CT)

Multi-phasic CT is generally recommended for the detection of metastases in the liver 
or lymph nodes and has a sensitivity of approximately 80-90% for metastatic GEP-NETs. 
As GEP-NETs are highly vascularized tumors, intravenous contrast enhances the tumor 
during the early arterial phase of imaging and shows washout during the delayed portal 
venous phase. An irregular soft tissue mass with calcification, surrounded by radiating 
strands of fibrosis in the mesenteric fat - resembling spokes in a bicycle wheel – is char-
acteristic for midgut carcinoids31, 52.

Magnetic Resonance Imaging (MRI)

Generally recommended MRI sequences for the detection of GEP-NETs are T1-, T2-
weighted images and multiphasic (arterial, portal venous, and delayed) dynamic MRI. 
The appearance of GEP-NETs is variable on non-contrast MRI. They can be either hypo- 
or iso-intense on T1-weighted images, whereas liver metastases typically show high 
signals on T2- weighted images. Although spatial resolution is lower with MRI than CT, 
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the better soft tissue contrast of MRI facilitates the detection of small NETs and allows a 
clearer distinction between hemangiomas and metastases in the liver31, 52.

Endoscopy, endoscopic ultrasound and video capsule endoscopy

Standard upper and lower gastrointestinal (GI) endoscopic techniques can be used 
for identification and tissue collection of GEP-NETs. Upper GI endoscopy can identify 
tumors up to the ligament of Treitz whereas lower GI colonoscopy can detect colon and 
rectal NETs and some terminal ileal NETs25. However, NETs are more often discovered 
as an incidental finding due to the increased use of endoscopy for other reasons and 
generally present as intramucosal lesions53.

Endoscopic ultrasound (EUS) is highly sensitive for the detection of NETs located in 
the stomach, duodenum and pancreas, and is superior to conventional ultrasound. It 
can be particularly useful for the detection of small NETs, for determining invasiveness 
or the presence of pathological lymph nodes. With regard to the preoperative work-up 
of pancreatic NETs, it clearly visualizes anatomical correlations25, 53, 54.

Video capsule endoscopy has limited potential for surveillance of the small bowel for 
NETs and the inability to obtain tissue for diagnosis is one of its major limitations 55.

Somatostatin receptor imaging (SRS)
111In-pentetreotide scintigraphy (OctreoScan®)
111In-pentetreotide has the same receptor-binding profile as the SSAs, octreotide and 
lanreotide, making it a useful radiopharmaceutical for imaging of somatostatin receptor 
subtype (sst) 2- (and 5) (sst2 and sst5)-positive tumors. Overall sensitivity for NETs is 89%, 
for small intestinal NETs 86-95% and for pancreatic NET, the overall reported sensitivity 
varies between 60 to 90%56. The yield of this imaging technique can be enhanced by the 
use of single positron emission CT (SPECT). OctreoScan® is effective for screening the 
entire body for primary and metastatic lesions, which conventional imaging procedures 
do not reveal in first instance. OctreoScan® is furthermore used to evaluate whether 
peptide receptor radiotherapy (PRRT) is a potential treatment option for an individual 
patient with a progressive GEP-NET30, 57. 

Positron emission tomography (PET)

Recently, the combination of PET and CT, using gallium-68 labelled SSAs (68Ga-DOTA-
TATE) has been introduced for somatostatin receptor imaging, achieving higher sen-
sitivity and specificity rates as well as giving results over a much shorter time frame 
then OctreoScan®58. Other tracers for PET, such as β-[(11)C]-5-hydroxy-L-tryptophan 
(11C-5-HTP) and 6-(18)F-L-3,4-dihydroxyphenylalanine (18F-DOPA) show promise for the 
detection of pancreatic and GI-NETs respectively. However, these techniques are still not 
widely available58, 59.



19

1

General Introduction

[18F]-fluorodeoxyglucose (FDG-)PET can be used for poorly differentiated neuroendo-
crine carcinomas or when OctreoScan® is negative or equivocal, because proliferative 
activity in NETs is generally lower than in solid tumors60. However, recent studies show 
that FDG-PET positivity in well-differentiated NETs with Ki-67 values of >10%, may indi-
cate a more aggressive disease course61. Therefore combinations of OctreoScan®, or 68Ga-
DOTA-TATE and FDG-PET are increasingly used for well- and moderately differentiated 
NETs62, 63.

Pathology
The definitive diagnosis of GEP-NETs is based on pathology. A biopsy of the primary 
tumor and/or metastases, if feasible, is therefore obligatory. Another possibility is to 
examine tissue obtained during surgery.

Aside from various types of staining e.g. hematoxylin and eosin (HE) staining, immu-
nostaining for general neuroendocrine markers like CgA and synaptophysin, and sst2, 
mitotic count and Ki-67 proliferative index should be assessed. Furthermore, immu-
nostaining for specific hormones such as insulin, glucagon, gastrin or VIP may provide 
information on hormonal production in functioning NETs. However, these stainings are 
not routinely indicated for functional GEP-NET diagnosis33.

Staging & Grading
Definitions for Staging and Grading systems of GEP-NETs have changed over time. 
Staging and Grading of GEP-NETs is currently defined according to the 2010 WHO clas-
sification with the introduction of the general terms neuroendocrine tumor (NET) and 
neuroendocrine carcinoma (NEC). Grading is based on mitotic count and Ki-67 prolifera-
tive index (Table 2). This Grading system came together with an organ-specific tumor, 
lymph node, metastases (TNM) Staging system (Supplementary data)6, 64, 65. In the near 
future this Grading system will be expanded with the introduction of the term Grade 3 
NET next to Grade 3 NEC66.

Table 2. Grading for GEP-NETs.

Grade

Mitotic count Ki-67 index*

(10 HPF) (%)

Grade 1 < 2 ≤ 2

Grade 2 2 -20 3 - 20

Grade 3 > 20 > 20

10 HPF: high power field = 2mm2, at least 40 fields (at 40× magnification) evaluated in areas of highest mitotic 
density.

*MIB-1 antibody; % of 2,000 tumor cells in areas of highest nuclear labeling
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4. treatmeNt

Surgical treatment and interventions

Surgery
Surgery is the only curative treatment option for GEP-NET patients with localized 
disease25, 67. However, patients often present late with symptoms attributable to tumor 
growth and metastatic disease. Surgery nevertheless can also be an option for patients 
with advanced stages of GEP-NET. Firstly, debulking of the primary tumor and its 
limited hepatic or lymph node metastases with subsequent treatment of metastases 
with resection, embolization or radiofrequency ablation25, 68, 69. Liver transplantation is 
only occasionally considered for patients without extra hepatic metastases70. Several 
retrospective uncontrolled studies demonstrate that resection of the primary tumor is 
associated with an increased overall survival in GEP-NET patients67, 71-73. Secondly, it is 
possible that surgery is useful for symptom control25, 68, 69. In the third place, surgery 
can be indicated to prevent small bowel obstruction or ischemia caused by the primary 
GI-NET, or associated mesenterial fibrosis68, 69. Fourthly, enucleation or local resection of 
specific functioning NETs or NETs with ectopic hormone production can be considered. 
Surgical biadrenalectomy can be a palliative option for patients with the ectopic ACTH 
syndrome74. The majority of patients with localized, non-metastatic insulinomas (85-
95%) and gastrinomas (45-65%) is disease-free after surgery67, 75. Finally, cardiac valve 
replacement is more frequently undertaken in patients with carcinoid heart disease 
and right-sided heart failure due to technical advances as well as an earlier diagnosis 
resulting in a decreased perioperative mortality and longer survival with a better quality 
of life (QOL)76.

Interventional Radiology
Liver metastases are usually hypervascular and the occlusion of branches of the hepatic 
artery by surgery or embolization can induce tumor necrosis and regression77, 78. Se-
quential transcatheter arterial chemoembolization (TACE) results in symptom control 
in 63-100% of patients and tumor response rates between 33 and 80%78. At present, 
there seems to be no role for selective chemo-embolization of liver metastases79. 
Radio-embolization with Yttrium-90-, or Holmium-166 labeled microspheres can also 
induce tumor regression80. Other treatment modalities used to treat liver metastases are 
percutaneous alcohol injection, radiofrequency ablation (RFA) and cryotherapy.
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Medical therapy

Somatostatin Analogs (SSAs)
SSAs are the recommended first-line therapy for (non-)functioning well- to moderately 
differentiated GEP-NETs25, 81. GEP-NETs (apart from the majority of non-metastatic insu-
linomas) express the sst2 in approximately 90% and 80% of their tumors respectively82. 
The currently available SSAs, octreotide (Sandostatin LAR®) and lanreotide (Somatuline 
Autogel®), show a high affinity for sst2 and low to median affinity for sst3 and sst5

83. There-
fore, these drugs are effective in inhibiting hormonal hypersecretion, achieving symp-
tom control in up to 71% and biochemical response in up to 51% of GEP-NET patients 
with minimal adverse effects84-87. However, in the long term, some tumors may become 
desensitized to SSAs which subsequently will lead to a recurrence of symptoms. High-
dosed intravenous octreotide results in a rapid reversal of carcinoid crisis, triggered by 
tumor manipulation (biopsy or surgery) or by anesthesia88.

The use of SSAs as anti-proliferative agents in patients with GEP-NETs has been es-
tablished recently in two placebo-controlled, double-blind, prospective, randomized 
trials. Octreotide LAR resulted in well-differentiated, metastatic small intestinal NETs 
in a prolongation of time to progression (TTP) from 6 to 14.3 months, as compared to 
placebo89. Lanreotide achieved a significant prolongation of progression-free survival 
(PFS) in well- and moderately differentiated metastatic, non-functioning, somatostatin 
receptor-positive GEP-NETs as compared to the placebo group (median PFS not reached 
versus 18 months)90. These inhibitory effects of SSAs on hormone production and tumor 
growth may partly explain the increase in overall survival of GEP-NET patients since the 
introduction of SSAs in 198722.

Interferon-α & Chemotherapy
Interferon-α (IFN-α) (Intron-A®) binds specifically to surface receptors on the tumor cell 
and is thereby able to reduce symptoms in patients with GEP-NETs and the carcinoid 
syndrome. Antiproliferative effects of IFN-α via inhibition of protein synthesis, im-
munomodulation and inhibition of angiogenesis have been demonstrated in a recent 
prospective randomized Phase III study. In this study, octreotide LAR was combined 
with either bevacizumab or IFN-α. Bevacizumab (Avastin®) and IFN-α were both shown 
to have similar antitumor activity in patients with advanced small intestinal NETs91. 
Nevertheless, this treatment is associated with side effects such as: fever, fatigue, auto-
immune disorders and myelosuppression92. Another promising type I IFN, IFN-β, has 
shown a more potent antitumor activity than  IFN- α in several experimental studies. 
IFN-β may therefore be considered a potential and promising new anti-tumor agent for 
GEP-NETs93-95.
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Chemotherapy is indicated in patients with poorly-differentiated G3 NECs. GI NECs 
are usually treated with the combination of cisplatinum and etoposide with objective 
tumor response rates of around 50%96. Recent retrospective studies have demonstrated 
the efficacy of temozolomide, alone or in combination with capecitabine (Xeloda®) and/
or bevacizumab as a second-line therapy97.

In patients with poorly differentiated or rapidly progressive pancreatic NECs, the com-
bination of streptozotocin with 5-fluorouacil (5-FU), or doxorubicin results in objective 
tumor response rates in 35–40%96, 98. Temozolomide-based chemotherapy appears to be 
promising in pancreatic NETs, either alone or in combination with capecitabine, giving 
high partial remissions varying from 40 to 70%99.

Molecular Targeted Therapy
Pasireotide LAR (Signifor LAR®) is multireceptor-targeted SSA with a high affinity for sst1, 
sst2, sst3 and sst5

100, but it did not prove superior over octreotide LAR in a recent phase III 
study, in patients with metastatic GEP-NETs and the carcinoid syndrome101.
GEP-NETs express vascular endothelial growth factor (VEGF). A phase II study, combin-
ing bevacizumab (Avastin®) and interferon alpha-2b (Intron-A®),  demonstrated that 
treatment with the VEGF monoclonal antibody bevacizumab in patients with metastatic 
NETs decreased tumor blood flow and had tumor stabilizing effects102. Several subse-
quent studies combined bevacizumab with other treatment agents such as 5-FU/strep-
tozocin, or capecitabine (BETTER trials)103, 104. These phase II studies showed antitumor 
activity and a manageable safety profile in the treatment of GEP-NET patients. However, 
randomized phase III trials are still needed to confirm these findings103, 104.

The mammalian target of rapamycin (mTOR) is another target for medical treatment 
of NET105. The mTOR pathway is activated in various tumors and plays an important role 
in the regulation of cell proliferation and angiogenesis106. Everolimus (Afinitor®), an oral 
mTOR inhibitor, is a new, targeted therapy for patients with well-differentiated (WHO 
Grade 1, 2) GEP-NETs with progressive disease, with a well-established safety profile107-110. 
In the RADIANT-3 trial, which was a double-blind, placebo-controlled, randomized phase 
III study in patients with progressive pancreatic NETs, everolimus therapy was associated 
with a 2.4-fold improvement in median PFS as compared to placebo (11.4 months versus 
4.6 months)110. Everolimus for patients with advanced, non-functional neuroendocrine 
tumors of the lung or gastrointestinal tract was investigated in the RADIANT-4 trial and 
results showed that everolimus increased the median progression-free survival from 3.9 
months to 11.0 months. Furthermore, everolimus was associated with a 52% reduction 
in the estimated risk of progression or death111. Recently, a large European ENETS ran-
domized open label study (SEQTOR) was initiated. In this study, the efficacy and safety 
of everolimus followed by chemotherapy with streptozotocin-5-fluorouracilo (STZ-5FU) 
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upon progression will be compared to the reverse sequence, in advanced progressive 
pancreatic NETs (NCT02246127).

The tyrosine-kinase inhibitor sunitinib (Sutent®), another targeted therapy, also showed 
significant antitumor efficacy in patients with advanced, well-differentiated pancreatic 
NETs. A large randomized, double-blind, placebo-controlled phase III trial of  sunitinib 
demonstrated a median PFS of 11.4 months in the sunitinib group as compared with 5.5 
months in the placebo group (95% CI, 0.26-0.66; P<0.001)112.

Peptide Receptor Radionuclide Therapy (PRRT)
PRRT with radiolabeled SSAs is a promising new treatment modality in patients with in-
operable, or metastasized GEP-NETs. The basis of PRRT is the coupling of a radionuclide 
(111Indium, 90Yttrium or 177Lutetium) to a SSA. After intravenous administration of a ra-
diolabeled somatostatin receptor agonist, this complex binds to the sst2 receptors and is 
subsequently internalized by the tumor via receptor-mediated endocytosis resulting in 
targeted radiation and tumor necrosis57. In contrast, radiolabeled somatostatin antago-
nists have been developed, but these radioligands are not internalized. However, their 
binding to inactivated somatostatin receptors might give these compounds a therapeu-
tic advantage over the currently used receptor agonists113. In a retrospective series, GEP-
NET patients were treated with [177Lu-DOTA0,Tyr3]octreotate (Lutathera®), usually four 
cycles every 6-10 weeks up to a cumulative dose of 27.8-29.6 GBq. Complete remission 
was achieved in 2%, partial remission (decrease in tumor size > 50 %) in 28% and stable 
disease in 35 % of patients with a median time to progression of 40 months114. Generally 
PRRT is well tolerated and serious (grade 3) hematological toxicity, MDS, nephrotoxicity 
and liver toxicity are relatively rare in patients not pre-treated with chemotherapy and 
occur in less than 1% of the patients57, 115. However, high cumulative dosages can cause 
serious side effects, including kidney failure, cytopenias, or myelodysplastic syndrome116. 
Recently, the results of the first Phase III multicentric, stratified, open, randomized, 
controlled trial in which 177Lu-octreotate was compared to high dose octreotide LAR in 
patients with inoperable, progressive, somatostatin receptor positive midgut NETs were 
presented at international meetings (Strosberg, NANETS, Ruszniewski, European Cancer 
Congress). In this NETTER-1 study, the median PFS was not reached for 177Lu-octreotate 
and it was 8.4 months with high dose octreotide LAR. The safety profile observed in this 
trial was consistent with the safety information generated in the Phase I-II clinical trials. 
Furthermore, neoadjuvant 177Lu-octreotate therapy made surgery feasible in 9 out of 29 
patients with initially unresectable non-functioning pancreatic NETs117.
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aims aNd OutLiNe OF tHis tHesis

The aims of the studies presented in this thesis are:
1. Evaluation of general biochemical tumor markers and their prognostic value 
 a. Chromogranin A (CgA)
 b. Neuron-specific enolase (NSE)
2. Evaluation of the association between GEP-NETs and presence of other neoplastic 

lesions
 a. Second primary malignancies 
 b. Incidental adrenal masses during imaging
3. Evaluation of paraneoplastic syndromes in a large cohort of GEP-NET patients
 a. Cushing’s syndrome caused by ectopic ACTH secretion (EAS) 
 b.  Hypercalcemia of malignancy due to parathyroid hormone-related protein 

(PTHrP) hypersecretion
4. Evaluation of safety and efficacy of sequential treatments
 a. Everolimus after peptide receptor radionuclide therapy (PRRT) in GEP-NETs
 b. Molecular targeted therapies: everolimus and sunitinib in pancreatic NETs

Chapter 1 gives an overview of the current literature on epidemiological, clinical and 
biochemical aspects of GEP-NETs as well as diagnostic strategies and different treatment 
modalities. Chapter 2 describes the prognostic value of CgA in patients with ENETS TNM 
Stage IV GEP-NETs with elevated levels of CgA and without elevated levels of CgA (“true 
non-secretors”) and determines whether true non-secretion of CgA is an unfavorable 
prognostic factor. Chapter 3 elucidates the role of NSE as a prognostic biomarker in 
patients with ENETS TNM Stage IV GEP-NETs. In Chapter 4 we determine whether there 
is indeed a true, increased risk for a second primary malignancy in a GEP-NET patient 
group compared with an age- and sex-matched control group of patients with identical 
malignancies. In Chapter 5 the prevalence of adrenal lesions incidentally discovered 
during abdominal imaging of patients with GEP-NETs is estimated, with identification of 
their radiological features and clinical significance during the course of disease. Chapter 
6 describes metastatic GEP-NET patients who present with symptoms and signs of hy-
percalcemia of malignancy as a result of the very rare paraneoplastic PTHrP hypersecre-
tion. We aim to evaluate clinical, biochemical, and radiological features, including the 
evaluation of effective treatment options in a large single-center case series. In Chapter 
7 the prevalence of EAS is assessed in a large cohort of patients with thoracic and GEP-
NETs. Furthermore clinical, biochemical, and radiological features; management; and 
treatment outcome of this EAS patient cohort is described, including a comparison of 
prognosis between patients with and without EAS. Chapter 8 compares the safety and 
efficacy profile of everolimus in GEP-NET patients with documented disease progression 
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after prior treatment with 177Lu-octreotate radionuclide therapy with the earlier estab-
lished profile of everolimus. Chapter 9 describes sequential molecular targeted therapy 
with everolimus and sunitinib in patients with advanced well-differentiated pancreatic 
NETs in terms of safety and effect on disease progression and survival. Finally Chapter 
10 and 11 provide a general discussion and a summary of the presented data in this 
thesis.
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suppLemeNtary data

Table 1. Tumor, Lymph Node(s), Metastases (TNM) Staging Systems.

ENETS AJCC

Proposal for a TNM Classification and Disease 
Staging for Endocrine Tumors

Definitions of TNM

Primary tumor (T) Primary tumor (T)

TX Tumor cannot be assessed Tumor cannot be assessed

TO No evidence of primary tumor No evidence of primary tumor

T1 Tumor limited to the pancreas and size <2 cm Tumor limited to the pancreas, ≤2 cm in greatest 
dimension

T2 Tumor limited to the pancreas and size 2 - 4 cm Tumor limited to the pancreas, >2 cm in greatest 
dimension

T3 Tumor limited to the pancreas and size >4 cm or 
invading duodenum or bile duct

Tumor extends beyond the pancreas but without 
involvement of the celiac axis or the superior 
mesenteric artery 

T4 Tumor invading adjacent organs (stomach, spleen, 
colon, adrenal gland) or the wall of celiac axis or 
superior mesenteric artery

Tumor involves the celiac axis or the superior 
mesenteric artery (unresectable primary tumor)

Regional Lymph Nodes (N) Regional Lymph Nodes (N) 

NX Regional lymph node(s) cannot be assessed Regional lymph node(s) cannot be assessed

N0 No regional lymph node metastases No regional lymph node metastases

N1 Regional lymph node metastases Regional lymph node metastases

Distant Metastases (M) Distant Metastases (M)

MX Distant metastases cannot be assessed

M0 No distant metastases No distant metastases

M1 Distant metastases Distant metastases

Table 2. TNM Staging Systems.

Stage T N M

I T1 N0 M0

IIa T2 N0 M0

IIb T3 N0 M0

IIIa T4 N0 M0

IIIb Any T N1 M0

IV Any T Any N M1
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Figure 1. WHO 2010 Classifi cation.
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abstraCt

Context: Chromogranin A (CgA) is a widely used biomarker for the work-up of gastroen-
teropancreatic neuroendocrine tumors (GEP-NETs), correlating with tumor volume and 
biological activity. During diagnosis and follow-up we found patients with elevated CgA 
levels and patients without elevated CgA levels (=‘true non-secretors’).

Objective: Determine whether true non-secretion of CgA is an unfavorable prognostic 
factor in patients with Stage IV GEP-NETs.

Design: Retrospective case study.

Setting: Tertiary referral hospital.

Main outcome measurements: Overall survival (OS) estimated with Kaplan–Meier 
methods.

Patients: 692 consecutive patients were evaluated with a median follow-up of 61.3 
months (25th – 75th percentile: 35.7 – 97.5) and a median OS of 104.6 months (95% CI: 
94.4-136.5). After exclusion of patients with concomitant proton pump inhibitors, 616 
and 524 patients were included for analysis of baseline and follow-up CgA, respectively. 
Cut-off values for baseline and follow-up CgA groups were: normal (reference range 
(RR)), intermediate (≤ 2x upper limit of normal (ULN)), high (2-10x ULN) and very high 
(>10x ULN).

Results: OS was significantly shorter in patients with high baseline CgA (median 103.9 
vs. 222.4 months, P<0.01) and very high baseline CgA vs. RR (56.2 vs. 222.4 months, 
P<0.0001). For follow-up CgA, OS was only significant shorter in the very high follow-up 
CgA vs. RR (62.9 months vs. not reached). This effect remained in multi-variate analysis 
with Cox proportional hazard models.

Conclusions: True non-secretion of CgA has shown to be a favorable biomarker for OS in 
patients with Stage IV GEP-NETs, both at first referral as well as during follow-up.
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iNtrOduCtiON

Chromogranin A (CgA), a member of the granin family, is an acidic glycoprotein with 
439 amino acids which is present in the secretory dense core granules of most neuro-
endocrine cells1. Immunohistochemistry for CgA is widely used and considered to be 
the most valuable tissue-based biomarker in the diagnosis of neuroendocrine tumors 
(NETs)2. Elevated levels of serum or plasma CgA can be found in various types of NETs, 
including gastrointestinal tract NETs, (non-)functioning pancreatic NETs, paragan-
gliomas, pheochromocytomas, medullary thyroid carcinomas, pituitary and parathyroid 
adenomas and in some patients with small-cell lung cancer3, 4. Furthermore CgA has 
shown to be the best available general serum tumor marker for the work-up of gas-
troenteropancreatic NETs (GEP-NETs)3, 5. A recent meta-analysis demonstrated that the 
sensitivity and specificity of elevated serum levels of CgA in the diagnosis of patients 
with NETs are 0.73 and 0.95 respectively6.

The highest levels of CgA have been found in patients with metastatic small intestine 
NETs and non-functioning pancreatic NETs3, 7. Depending on the extent of the disease, 
serum CgA is elevated in >60% of patients. CgA levels may correlate with tumor volume, 
presence of metastases and biological activity in the tumors, but care should be taken in 
measuring CgA and interpreting the results. Somatostatin analogues (SSAs) are known to 
affect blood levels of CgA by blocking the production and release of CgA in addition to 
affecting tumor burden. Falsely elevated levels of CgA have also been reported in patients 
using proton pump inhibitors (PPIs) or histamine H2 blockers, in patients with renal or liver 
failure, and in those with chronic atrophic gastritis type A or inflammatory bowel disease7-9.

Both functionally active NETs and non-functioning NETs can co-secrete CgA with 
amines and peptides that are present in their neurosecretory granules3, 7. During di-
agnosis and follow-up we found patients with metastatic GEP-NETs that secrete CgA 
resulting in elevated circulating CgA levels and patients with metastatic GEP-NETs 
without elevated CgA levels. The latter we have called ‘true non-secretors’. The reason 
why some patients with well-differentiated metastatic GEP-NETs do not show elevated 
circulating CgA levels is not known. It is well known that poorly differentiated neuroen-
docrine carcinomas (NECs) lose their expression of CgA2. On the other hand expression 
of CgA in non-endocrine tumors is considered a poor prognostic factor10. In our study in 
neuroendocrine tumor patients, we postulated that these non-secretors would have a 
poorer prognosis because we considered the lack of secretion of any substance from a 
GEP-NET to be a sign of further dedifferentiation.

Since the prognostic value of CgA in patients with metastatic NETs has not been 
confirmed to date3, 5, this study, conducted in a large single-center cohort, aimed to 
determine whether true non-secretion of CgA is an unfavorable prognostic factor in pa-
tients with metastatic, ENETS/AJCC TNM Stage IV11-13 GEP-NETs. Finally, we investigated 
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whether there were any significant differences in patient and tumor characteristics 
between ‘true non-secretors’ and patients with CgA secreting GEP-NETs.

patieNts aNd metHOds

Patients
In this retrospective case study, all patients with metastatic, ENETS/AJCC TNM Stage IV 
11-13 GEP-NETs, diagnosed between 1 January 1993 and 31 December 2012 were identi-
fied from the Erasmus MC NET database and included.

TNM Stage IV indicates the presence of metastases at any distant anatomical site 
(including non-regional lymph nodes)11-13. The date of diagnosis was defined as the date 
at which tumor tissue was collected during biopsy or surgery. Follow-up time was deter-
mined from the date of diagnosis to the date of death or the last follow-up for survivors. 
Patients diagnosed with the multiple endocrine neoplasia syndrome type 1 (MEN1) 
were excluded. In addition, to prevent influence of PPIs on CgA levels, patients with 
concomitant PPI use at the time of CgA measurement were excluded. Information on 
age, sex, location of primary tumor, OctreoScan® (SRS) positivity, presence, or absence 
of bone metastases and concomitant use of PPIs was collected.

Definitions CgA groups
Patient groups were defined by first CgA level at referral or diagnosis (baseline CgA) and 
highest CgA level measured during follow-up (follow-up CgA). All serum CgA measure-
ments were performed in the Erasmus MC, using an ELISA (CisBio Bioassays, Codolet, 
Franassay; upper limit of normal (ULN) <94 µg/l).

Four patient groups were defined by both baseline CgA and follow-up CgA levels. 
Cut-off values for serum CgA were: normal baseline CgA or follow-up CgA (reference 
range, <94 µg/l), intermediate baseline CgA or follow-up CgA (≤2xULN, 94-88µg/l), high 
baseline CgA or follow-up CgA (2-10xULN, 188-940 µg/l) and for very high baseline or 
follow-up CgA (>10xULN, >940 µg/l).

Primary outcome was overall survival, calculated from date of diagnosis to date of 
death by any cause, or date of last follow-up.

Statistical analysis
Continuous data were described as the mean and standard deviation (SD) and were 
compared by ANOVA tests. Categorical data were described as counts and percentages 
and were compared by χ2 tests. Overall survival was estimated with the Kaplan–Meier 
method. The hazard ratios (HRs) were estimated using a Cox proportional hazards model. 
HRs and 95% confidence intervals (CIs) were also calculated. The proportional hazard 



43

2

CgA in GEP-NETs

assumption (Schoenfeld residuals) was always satisfied. Data analysis was performed us-
ing statistical software R version 3.1.3 and is based on the survival-package. A two-sided 
P-value of <0.05 was considered statistically significant.

resuLts

Patient inclusion and stratification
In total, after exclusion of 19 MEN1 patients, 692 consecutive patients were evaluated 
with a median follow-up of 61.3 months (25th – 75th percentile: 35.7 – 97.5 months) and 
a median overall survival (mOS) of 104.6 months (95% CI: 94.4-136.5). After exclusion 
of patients with concomitant PPI use, 616 and 524 patients were included for analysis 
of baseline and follow-up CgA, respectively. Of these patients, 492 (79.9%) had an el-
evated baseline CgA level (>1xULN) and 465 (88.7%) had an elevated follow-up CgA level 
(>1xULN). Other clinical conditions which might have caused elevations in CgA were 
excluded.

Patient characteristics of the different groups for baseline CgA and follow-up CgA 
measurements can be found in Table 1. Highly significant differences were found for only 
two parameters: age at diagnosis for both baseline CgA and follow-up CgA measure-
ment, and bone metastases differed only significantly for follow-up CgA measurement.

Baseline CgA and survival
Median time between histological diagnosis of the GEP-NET and measurement of base-
line CgA was 3.2 months (25th – 75th percentile: 0.9 – 17.4 months). With regard to the 
measurement of baseline CgA, survival analysis without concomitant PPI use (N=616) 
showed a mOS of 222.4 months in the normal baseline CgA group (95% CI: 141.0-not 
reached (NR)), and 213.0 months in the intermediate baseline CgA group (95% CI: 114.2-
NR; Cox-adjusted HR vs. normal CgA: 1.26 [0.79-1.99], P=0.33). Subsequently, mOS was 
103.9 months in the high baseline CgA group (95% CI: 90.8-144.8; HR vs. normal CgA: 1.92 
[1.29-2.88], P<0.01) and 56.2 months in the very high baseline CgA group (95% CI: 49.1-
65.7; HR vs. normal CgA: 3.58 [2.44-5.26], P<0.0001) (Figure 1). Using a Cox proportional 
hazard model, age at diagnosis (HR 1.02 [1.01-1.03], P<0.0001), bone metastases (HR 
1.33 [1.03-1.72], P<0.05), SRS positivity (HR 0.30 [0.18-0.53], P<0.0001) and unknown/
other origin of tumor (HR 1.58 [1.18-2.12], P<0.01) had a statistical significance, while sex 
did not contribute significantly to the model.

In subanalysis, only including the 351 patients with known ENETS/WHO Grading, the same 
Cox proportional hazard model with ENETS/WHO Grade as an additional parameter was ap-
plied and showed that ENETS/WHO Grade 3 significantly contributed (HR vs. ENETS/WHO 
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Table 1. Characteristics at baseline of patient groups based upon baseline chromogranin A (CgA) measurement 
and follow-up CgA measurement. Differences are tested by ANOVA for age and through χ2 for all other variables. 

Normal CgA
<1xULN

(<94 µg/l)

CgA
1-2xULN

(94-188 µg/l)

CgA 
2-10xULN

(188-940 µg/l)

CgA
>10xULN

(>940 µg/l)

Significant 
difference

Baseline CgA measurement

N 124 121 194 177

Age at diagnosis (years ± SD) 54.9±11.5 59.05±12.19 59.15±10.81 60.78±10.6 0.0001

Sex – male (%) 52.4 51.2 50.0 57.6 NS

SRS positivity (%) 87.9 93.3 96.3 92.6 NS

Bone metastases (%) 29.0 17.35 29.38 28.81 NS

Primary tumor site

siNETs (%) 38.7 48.76 49.48 40.67 NS

pancreatic NETs (%) 32.25 30.57 26.80 32.76 NS

Other (%) 29.03 20.66 23.71 26.55 NS

Follow-up CgA measurement

N 59 86 156 223

Age at diagnosis (years ± SD) 52.97±11.15 58.12±10.97 59.21±11.89 60.66±10.5 <0.0001

Sex – male (%) 50.8 47.6 50.0 57.4 NS

SRS positivity (%) 86.4 94.1 93.6 93.7 NS

Bone metastases (%) 33.9 15.1 28.8 30.9 0.03

Primary tumor site

siNETs (%) 50.8 39.53 51.28 45.73 NS

pancreatic NETs(%) 22.03 32.55 26.92 25.56 NS

Other (%) 27.11 27.90 21.79 28.69 NS

CgA=chromogranin A, ULN= upper limit of normal, SRS=OctreoScan®

siNETs=small intestine neuroendocrine tumors,  

Primary tumor site “Other” includes: NETs of unknown origin, NETs of stomach, duodenum and colorectal.
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Grade 1: 5.02 [2.92- 8.65], P<0.0001) to the model. However, very high CgA remained inde-
pendently associated with overall survival (HR vs. normal CgA: 3.54 [2.06- 6.10], P<0.0001).

Follow-up CgA and survival
Follow-up CgA measurement during the course of the disease was used to defi ne four 
groups: low, intermediate, high and very high follow-up CgA groups. Median time be-
tween histological diagnosis of the GEP-NET and measurement of follow-up CgA was 
18.6 months (25th – 75th percentile: 3.9 – 52.1).

In the patients without concomitant PPI use (N=524), mOS was not reached in the 
normal follow-up CgA group, while mOS in the intermediate follow-up CgA group was 
222.4 months (95% CI: 163.5-NR; HR vs. normal: 1.58 [0.77-3.24], P=0.21). In the high 
and very high follow-up CgA group, mOS was 147.6 months (95% CI: 127.8-NR; HR vs. 
normal: 1.55 [0.80-3.02], P=0.20) and 67.3 months (95% CI: 59.3-83.4; HR vs. normal: 3.70 
[1.98-6.91], P<0.001), respectively (Figure 2). Additional signifi cant contributors to the 
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Figure 1: Kaplan-Meier estimate of overall survival in normal (≤1 x ULN, ), intermediate (1-3 x ULN, ) 
and high (>3 x ULN, ) level groups of first serum neuron-specific enolase measurement by referral (NSE). 
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Figure 1. Flow diagram reporting the initial number of evaluated individuals, the number 
of those excluded and the number of those eligible for the study. The results of adrenal 
evaluation are also summarized.  

Figure 2. Abdominal MRI of case G067 (Table 2).  

a: in-phase T1-weighted image depicting a low-signal lesion measuring 20 mm at the right 
adrenal gland (white arrow), consistent with a cortical adenoma.  

b: the same lesion shows signal attenuation in out-of-phase T1-weighted image. 

The dimensions of the lesion remain relatively stable as is evident in MRI imaging between 
panel c (20.2 mm) and panel d (19.8 mm) performed 1 year later.  
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Figure 1. Serum calcium (corrected for albumin) and plasma PTHrP levels in the follow-up 
of two patients with PTHrP-hypersecreting pancreatic neuroendocrine tumors. 
 
Figure 1A. Patient 5, pancreas NET with synchronous PTHrP secretion.  
 
Figure 1B. Patient 10, pancreas NET with metachronous PTHrP secretion.  
 
SSA = Somatostatin analog; LAR = long-acting repeatable; B = bisphosphonate; B rep = 
bisphosphonate repetitive iv infusions; G = Glucocorticoids; PTHrP = parathyroid 
hormone-related peptide. 
 
Figure 2. Survival Kaplan-Meier curve of 10 patients with plasma PTHrP-hypersecreting 
NETs: overall survival and survival since the diagnosis of PTHrP-hypersecretion. 
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Figure 1: Kaplan-Meier estimate of overall survival in normal (≤1 x ULN, ), intermediate (1-3 x ULN, ) 
and high (>3 x ULN, ) level groups of first serum neuron-specific enolase measurement by referral (NSE). 
 
HOOFDSTUK 5 
 
Figure 1. Flow diagram reporting the initial number of evaluated individuals, the number 
of those excluded and the number of those eligible for the study. The results of adrenal 
evaluation are also summarized.  

Figure 2. Abdominal MRI of case G067 (Table 2).  

a: in-phase T1-weighted image depicting a low-signal lesion measuring 20 mm at the right 
adrenal gland (white arrow), consistent with a cortical adenoma.  

b: the same lesion shows signal attenuation in out-of-phase T1-weighted image. 

The dimensions of the lesion remain relatively stable as is evident in MRI imaging between 
panel c (20.2 mm) and panel d (19.8 mm) performed 1 year later.  

HOOFDSTUK 6 
 
Figure 1. Serum calcium (corrected for albumin) and plasma PTHrP levels in the follow-up 
of two patients with PTHrP-hypersecreting pancreatic neuroendocrine tumors. 
 
Figure 1A. Patient 5, pancreas NET with synchronous PTHrP secretion.  
 
Figure 1B. Patient 10, pancreas NET with metachronous PTHrP secretion.  
 
SSA = Somatostatin analog; LAR = long-acting repeatable; B = bisphosphonate; B rep = 
bisphosphonate repetitive iv infusions; G = Glucocorticoids; PTHrP = parathyroid 
hormone-related peptide. 
 
Figure 2. Survival Kaplan-Meier curve of 10 patients with plasma PTHrP-hypersecreting 
NETs: overall survival and survival since the diagnosis of PTHrP-hypersecretion. 
 
Median Overall Survival: 86.0 months  
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used Cox proportional hazard model included: bone metastases (HR 1.41 [1.06-1.87], 
P<0.05), SRS positivity (HR 0.33 [0.17-0.62, P<0.0001) and unknown/other origin of 
tumor (HR 1.60 [1.17-2.19], P<0.01), while sex did not contribute signifi cantly. In sub-
analysis, only including the 302 patients with known ENETS/WHO Grading, the same 
Cox proportional hazard model with ENETS/WHO Grade as an additional parameter was 
applied and showed that ENETS/WHO Grade 3 signifi cantly contributed (HR vs. ENETS/
WHO Grade 1: 4.19 [2.29-7.64], P<0.0001) to the model. In this extended model, very 
high CgA remained independently associated with overall survival (HR vs. normal CgA: 
2.99 [1.40-6.40], P<0.005).

Figure 2. Kaplan-Meier estimate of overall survival in normal (<1 x ULN, —) ,intermediate (1-2 x ULN, 
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Figure 1: Kaplan-Meier estimate of overall survival in normal (≤1 x ULN, ), intermediate (1-3 x ULN, ) 
and high (>3 x ULN, ) level groups of first serum neuron-specific enolase measurement by referral (NSE). 
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Figure 1. Flow diagram reporting the initial number of evaluated individuals, the number 
of those excluded and the number of those eligible for the study. The results of adrenal 
evaluation are also summarized.  

Figure 2. Abdominal MRI of case G067 (Table 2).  

a: in-phase T1-weighted image depicting a low-signal lesion measuring 20 mm at the right 
adrenal gland (white arrow), consistent with a cortical adenoma.  

b: the same lesion shows signal attenuation in out-of-phase T1-weighted image. 

The dimensions of the lesion remain relatively stable as is evident in MRI imaging between 
panel c (20.2 mm) and panel d (19.8 mm) performed 1 year later.  
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Figure 1. Serum calcium (corrected for albumin) and plasma PTHrP levels in the follow-up 
of two patients with PTHrP-hypersecreting pancreatic neuroendocrine tumors. 
 
Figure 1A. Patient 5, pancreas NET with synchronous PTHrP secretion.  
 
Figure 1B. Patient 10, pancreas NET with metachronous PTHrP secretion.  
 
SSA = Somatostatin analog; LAR = long-acting repeatable; B = bisphosphonate; B rep = 
bisphosphonate repetitive iv infusions; G = Glucocorticoids; PTHrP = parathyroid 
hormone-related peptide. 
 
Figure 2. Survival Kaplan-Meier curve of 10 patients with plasma PTHrP-hypersecreting 
NETs: overall survival and survival since the diagnosis of PTHrP-hypersecretion. 
 
Median Overall Survival: 86.0 months  
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Figure 1: Kaplan-Meier estimate of overall survival in normal (≤1 x ULN, ), intermediate (1-3 x ULN, ) 
and high (>3 x ULN, ) level groups of first serum neuron-specific enolase measurement by referral (NSE). 
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Figure 1. Flow diagram reporting the initial number of evaluated individuals, the number 
of those excluded and the number of those eligible for the study. The results of adrenal 
evaluation are also summarized.  

Figure 2. Abdominal MRI of case G067 (Table 2).  

a: in-phase T1-weighted image depicting a low-signal lesion measuring 20 mm at the right 
adrenal gland (white arrow), consistent with a cortical adenoma.  

b: the same lesion shows signal attenuation in out-of-phase T1-weighted image. 

The dimensions of the lesion remain relatively stable as is evident in MRI imaging between 
panel c (20.2 mm) and panel d (19.8 mm) performed 1 year later.  
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Figure 1. Serum calcium (corrected for albumin) and plasma PTHrP levels in the follow-up 
of two patients with PTHrP-hypersecreting pancreatic neuroendocrine tumors. 
 
Figure 1A. Patient 5, pancreas NET with synchronous PTHrP secretion.  
 
Figure 1B. Patient 10, pancreas NET with metachronous PTHrP secretion.  
 
SSA = Somatostatin analog; LAR = long-acting repeatable; B = bisphosphonate; B rep = 
bisphosphonate repetitive iv infusions; G = Glucocorticoids; PTHrP = parathyroid 
hormone-related peptide. 
 
Figure 2. Survival Kaplan-Meier curve of 10 patients with plasma PTHrP-hypersecreting 
NETs: overall survival and survival since the diagnosis of PTHrP-hypersecretion. 
 
Median Overall Survival: 86.0 months  
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Figure 1: Kaplan-Meier estimate of overall survival in normal (≤1 x ULN, ), intermediate (1-3 x ULN, ) 
and high (>3 x ULN, ) level groups of first serum neuron-specific enolase measurement by referral (NSE). 
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Figure 1. Flow diagram reporting the initial number of evaluated individuals, the number 
of those excluded and the number of those eligible for the study. The results of adrenal 
evaluation are also summarized.  

Figure 2. Abdominal MRI of case G067 (Table 2).  

a: in-phase T1-weighted image depicting a low-signal lesion measuring 20 mm at the right 
adrenal gland (white arrow), consistent with a cortical adenoma.  

b: the same lesion shows signal attenuation in out-of-phase T1-weighted image. 

The dimensions of the lesion remain relatively stable as is evident in MRI imaging between 
panel c (20.2 mm) and panel d (19.8 mm) performed 1 year later.  
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Figure 1. Serum calcium (corrected for albumin) and plasma PTHrP levels in the follow-up 
of two patients with PTHrP-hypersecreting pancreatic neuroendocrine tumors. 
 
Figure 1A. Patient 5, pancreas NET with synchronous PTHrP secretion.  
 
Figure 1B. Patient 10, pancreas NET with metachronous PTHrP secretion.  
 
SSA = Somatostatin analog; LAR = long-acting repeatable; B = bisphosphonate; B rep = 
bisphosphonate repetitive iv infusions; G = Glucocorticoids; PTHrP = parathyroid 
hormone-related peptide. 
 
Figure 2. Survival Kaplan-Meier curve of 10 patients with plasma PTHrP-hypersecreting 
NETs: overall survival and survival since the diagnosis of PTHrP-hypersecretion. 
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disCussiON

This single-center retrospective study demonstrates that, contrary to our expectations, 
true non-secretion of CgA is not an unfavorable prognostic factor for patients with 
ENETS/AJCC TNM Stage IV GEP-NETs, both when measured at first diagnosis as well as 
when measured at follow-up. Both serum baseline CgA and follow-up CgA levels show a 
positive correlation with overall survival.

The selected timeframe of 20 years for inclusion in this study was based upon the first 
availability of the most commonly used imaging techniques and treatment modalities 
in our institution. This included the introduction of somatostatin receptor imaging with 
the OctreoScan®, peptide receptor radiotherapy (PRRT)14 and SSAs15. Any possible bias 
caused by evolving imaging and treatment protocols has therefore been minimized. 

Patients in our research population, referred to our hospital for PRRT, mostly have 
metastatic disease. For CgA measurements in patients with metastatic disease specifici-
ties of 100% have been reported16-19.

Bone metastases in our cohort only influenced follow-up CgA levels, likely because 
bone metastases were not yet present at the time of diagnosis. Patients who live longer 
are more likely to develop bone metastases during the course of their disease. This 
is reflected by the relatively high frequency of bone metastases in our patients with 
normal CgA levels. 

A recent meta-analysis demonstrated that CgA is an efficient biomarker for the diag-
nosis of NETs with a sensitivity of 73% and specificity of 95%, indicating that serum CgA 
might be helpful in the clinical management and follow-up of NETs6. Another study by 
Yao and colleagues evaluated the prognostic value of CgA in patients with pancreatic 
NETs treated with everolimus. They confirmed the prognostic importance of baseline 
levels of CgA by multivariate analysis, hereby identifying CgA as an independent predic-
tor of overall survival9. In line with this study we confirm a significant difference in OS 
between true non-secretors and different elevated levels of CgA secretion by not only 
pancreatic NETs, but also by small intestinal and other NETs and, therefore, determina-
tion of CgA at first consultation can be used for predicting prognosis in all types of GEP-
NETs. Up until the present study the prognostic value of CgA in patients with GEP-NET 
had not been confirmed3.

An elevated CgA level at baseline was found in over 80% of the patients, which is in 
accordance with earlier published data3, 9, 20, 21.

Current ENETS guidelines state that where possible, PPIs should be interrupted, leav-
ing a clearance of at least three half-lives, prior to CgA plasma sampling3. The potential 
weakness of CgA as a biomarker is that the use of PPIs can frequently cause a significant 
elevation in CgA levels7, 8. Since PPIs are now widely available in drugstores without a 
doctor’s prescription, the value of future studies will likely be affected.
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By selecting strict cut-off values to divide the patients in four groups, both at first 
measurement as highest measurement during follow-up, the impact of relatively small 
increases in CgA could be studied. Our study demonstrates that patients in high and 
very high CgA groups clearly have a worse prognosis when compared with those in 
the normal CgA group. Hence, an increase in CgA indicates a more aggressive disease 
course. The determination of CgA at first consultation can be used for predicting the 
prognosis. Also, CgA during the course of the disease provides additional information 
on tumor aggressiveness. The earlier hypothesis that GEP-NETs tumors may lose CgA 
expression to incomplete or partial endocrine differentiation is hereby refuted.

For our data collection we did not include information on Tumor Grading, because Ki-
67 staining on tumor samples was not routinely used for the diagnostic work-up during 
the entire follow-up period. After all, the ENETS/WHO Grading system was introduced in 
2010 and our inclusion of patients dates back to 199312, 13. We therefore used SRS positiv-
ity as a surrogate marker for Tumor Grading, since SRS-positive GEP-NETs are generally 
well-differentiated, ENETS/WHO Grade 1-2 tumors22, 23.

However, the assumption that all SRS-positive could have ENETS/WHO Grade 1-2 
tumors could be considered a limitation of this study. We therefore studied the sub-
population of patients with known ENETS/WHO 2010 Grading and demonstrated that 
CgA remains associated with survival.

In conclusion, true non-secretion of CgA has been proven to be an independent bio-
marker for overall survival in patients with Stage IV well- and moderately differentiated 
GEP-NETs, both at first referral as well as perhaps more evident at follow-up.
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NSE in GEP-NETs

Letter tO tHe editOr

Serum neuron-specific enolase (NSE) is considered a tumor marker in patients with 
gastroenteropancreatic neuroendocrine tumors (GEP-NETs)1. It is elevated in 30-50% of 
GEP-NET patients and correlates with tumor size2, 3. NSE has a sensitivity of 38% and 
specificity of 73% for GEP-NET detection2. The prognostic role of serum NSE as a bio-
marker for GEP-NETs patients’ survival is poorly studied4.

We retrospectively studied 592 patients with sporadic (non-familial) ENETS TNM Stage 
IV GEP-NETs. Median follow-up was 58.7 months (25th-75th percentile: 34.0-92.9). Serum 
NSE was measured at first consultation, using enzyme immunoassay (NSE Cobas E602, 
Roche Diagnostics, Mannheim, Germany).

Cut-off values for serum NSE were: NSE ≤1xULN (≤16.2 µg/l), NSE 1-3xULN (16.2-48.6 
µg/l) and NSE >3xULN (48.6 µg/l).

Primary outcome was overall survival, calculated from date of diagnosis to date of 
death by any cause, or date of last follow-up. Using statistical software R version 3.1.3 
“survival” package, overall survival was estimated with the Kaplan–Meier method. Haz-
ard ratios (HRs) and 95% confidence intervals (CIs) were estimated with Cox proportional 
hazards models including age at diagnosis, OctreoScan® (SRS) positivity (Krenning Scale 
≥2 in all lesions), primary tumor site, sex, and bone metastases. 

242 (41%) of GEP-NET patients had an elevated NSE (>1xULN). NSE >3xULN were seen 
in pancreatic NETs.

Median overall survival (mOS) across all groups was 103.9 months (95% CI: 92.8-137.1). 
mOS was 161.8 months in the NSE ≤1xULN group (95% confidence interval (CI): 130.7-
not reached (NR)) and 72.5 months in the NSE 1-3xULN group (95% CI: 60.2-108.6; Cox 
proportional hazard-adjusted HR vs. NSE ≤1xULN: 1.96 [1.45-2.63], P<0.001). In the 
NSE >3xULN group, mOS was 27.8 months (95% CI: 15.2-44.7; HR vs. NSE ≤1xULN: 6.15 
[4.36-8.69], P<0.001) (Figure 1). Significant contributors to our model included: age at 
diagnosis (HR 1.03 [1.02-1.04], P<0.001) and SRS positivity (HR 0.48 [0.28-0.83], P<0.001).

The ENETS/WHO Grading system using Ki-67 staining was introduced in 20105. There-
fore, we used SRS positivity as a surrogate marker for ENETS/WHO Tumor Grading, since 
SRS-positive GEP-NETs are generally well-differentiated, ENETS/WHO Grade 1-2 tumors. 
However, the assumption that all SRS-positive could have ENETS/WHO Grade 1-2 tumors 
could be considered a limitation of this study. We therefore studied the subpopulation 
of 367 patients with known ENETS/WHO 2010 Grading (62% of all patients). In this 
population, the same Cox proportional hazard model with ENETS/WHO Grade as an ad-
ditional parameter was applied and showed that higher ENETS/WHO Grade significantly 
contributed (P<0.001) to the model, but that NSE remained independently associated 
with overall survival (P<0.001). Multivariate analysis data is shown (Supplementary Table 
1).
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This study demonstrates that NSE is a biomarker for overall survival in ENETS TNM 
Stage IV GEP-NET patients. Our study cohort had a median follow-up of almost 5 years 
and a mOS of over 8.5 years across all groups. Elevated NSE was found in over 40% of 
patients, confi rming published data2, 3. Elevated serum NSE indicates a more aggressive 
disease course and determination of NSE at fi rst consultation could, therefore, have 
prognostic implications.

Figure 1. Kaplan-Meier estimate of overall survival in normal (≤1 x ULN,—), intermediate (1-3 x ULN,
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Figure 1: Kaplan-Meier estimate of overall survival in normal (≤1 x ULN, ), intermediate (1-3 x ULN, ) 
and high (>3 x ULN, ) level groups of first serum neuron-specific enolase measurement by referral (NSE). 
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Figure 1. Flow diagram reporting the initial number of evaluated individuals, the number 
of those excluded and the number of those eligible for the study. The results of adrenal 
evaluation are also summarized.  

Figure 2. Abdominal MRI of case G067 (Table 2).  

a: in-phase T1-weighted image depicting a low-signal lesion measuring 20 mm at the right 
adrenal gland (white arrow), consistent with a cortical adenoma.  

b: the same lesion shows signal attenuation in out-of-phase T1-weighted image. 

The dimensions of the lesion remain relatively stable as is evident in MRI imaging between 
panel c (20.2 mm) and panel d (19.8 mm) performed 1 year later.  
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Figure 1. Serum calcium (corrected for albumin) and plasma PTHrP levels in the follow-up 
of two patients with PTHrP-hypersecreting pancreatic neuroendocrine tumors. 
 
Figure 1A. Patient 5, pancreas NET with synchronous PTHrP secretion.  
 
Figure 1B. Patient 10, pancreas NET with metachronous PTHrP secretion.  
 
SSA = Somatostatin analog; LAR = long-acting repeatable; B = bisphosphonate; B rep = 
bisphosphonate repetitive iv infusions; G = Glucocorticoids; PTHrP = parathyroid 
hormone-related peptide. 
 
Figure 2. Survival Kaplan-Meier curve of 10 patients with plasma PTHrP-hypersecreting 
NETs: overall survival and survival since the diagnosis of PTHrP-hypersecretion. 
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Figure 1: Kaplan-Meier estimate of overall survival in normal (≤1 x ULN, ), intermediate (1-3 x ULN, ) 
and high (>3 x ULN, ) level groups of first serum neuron-specific enolase measurement by referral (NSE). 
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Figure 1. Flow diagram reporting the initial number of evaluated individuals, the number 
of those excluded and the number of those eligible for the study. The results of adrenal 
evaluation are also summarized.  

Figure 2. Abdominal MRI of case G067 (Table 2).  

a: in-phase T1-weighted image depicting a low-signal lesion measuring 20 mm at the right 
adrenal gland (white arrow), consistent with a cortical adenoma.  

b: the same lesion shows signal attenuation in out-of-phase T1-weighted image. 

The dimensions of the lesion remain relatively stable as is evident in MRI imaging between 
panel c (20.2 mm) and panel d (19.8 mm) performed 1 year later.  

HOOFDSTUK 6 
 
Figure 1. Serum calcium (corrected for albumin) and plasma PTHrP levels in the follow-up 
of two patients with PTHrP-hypersecreting pancreatic neuroendocrine tumors. 
 
Figure 1A. Patient 5, pancreas NET with synchronous PTHrP secretion.  
 
Figure 1B. Patient 10, pancreas NET with metachronous PTHrP secretion.  
 
SSA = Somatostatin analog; LAR = long-acting repeatable; B = bisphosphonate; B rep = 
bisphosphonate repetitive iv infusions; G = Glucocorticoids; PTHrP = parathyroid 
hormone-related peptide. 
 
Figure 2. Survival Kaplan-Meier curve of 10 patients with plasma PTHrP-hypersecreting 
NETs: overall survival and survival since the diagnosis of PTHrP-hypersecretion. 
 
Median Overall Survival: 86.0 months  

) level groups of fi rst serum neuron-specifi c enolase measurement by referral (NSE).

0.00

0.25

0.50

0.75

1.00

0 25 50 75 100 125 150 175 200 225
Time since diagnosis (months)

Su
rv

iva
l (

pr
op

or
tio

n)

NSE level
NSE <1x ULN
NSE 1−3x ULN
NSE >3x ULN

350 325 239 159 104  64  37  21  13   4
170 138  90  41  24  13   7   2   1   0
 72  36  20   7   1   0   0   0   0   0

NSE <1x ULN
NSE 1−3x ULN
NSE >3x ULN

Number of patients at risk



55

3

NSE in GEP-NETs

reFereNCes

 1. Nobels FR, Kwekkeboom DJ, Coopmans W, Schoenmakers CH, Lindemans J, De Herder WW, 
Krenning EP, Bouillon R, Lamberts SW. Chromogranin A as serum marker for neuroendocrine 
neoplasia: comparison with neuron-specific enolase and the alpha-subunit of glycoprotein 
hormones. The Journal of clinical endocrinology and metabolism. 1997;82:2622-2628.

 2. Baudin E, Gigliotti A, Ducreux M, Ropers J, Comoy E, Sabourin JC, Bidart JM, Cailleux AF, 
Bonacci R, Ruffie P, Schlumberger M. Neuron-specific enolase and chromogranin A as markers 
of neuroendocrine tumours. British journal of cancer. 1998;78:1102-1107.

 3. Oberg K. Circulating biomarkers in gastroenteropancreatic neuroendocrine tumours. Endocrine-
related cancer. 2011;18 Suppl 1:S17-25.

 4. Yao JC, Pavel M, Phan AT, Kulke MH, Hoosen S, St Peter J, Cherfi A, Oberg KE. Chromogranin A 
and neuron-specific enolase as prognostic markers in patients with advanced pNET treated with 
everolimus. The Journal of clinical endocrinology and metabolism. 2011;96:3741-3749.

 5. Rindi G. The ENETS guidelines: the new TNM classification system. Tumori. 2010;96:806-809.



Chapter 3

56

suppLemeNtary data

Table 1. Multivariate analysis model with hazard ratios (HRs) estimated trough Cox proportional hazards model. 
P-values determined with Wald test for HR in Cox proportional hazards regression 95% CI.

Variable Hazard ratio 95% Confidence interval P-value

All patients (n=592)

NSE <1x ULN 1.00

NSE 1-3x ULN 1.96 1.45-2.63 <0.00001

NSE >3x ULN 6.15 4.36-8.69 <0.00001

Age at diagnosis 1.03 1.02-1.04 <0.00001

SRS positivity 0.48 0.28-0.83 0.003

Presence of bone metastases 1.20 0.91-1.56 NS

Sex (female) 0.85 0.67-1.10 NS

Small intestinal primary 1.00

Pancreatic primary 1.12 0.84-1.51 NS

Other primary site 1.14 0.83-1.56 NS

Patients with known WHO/ENETS Grading (n=367)

NSE <1x ULN 1.00

NSE 1-3x ULN 2.32 1.51-3.56 0.0001

NSE >3x ULN 10.23 6.08-17.23 <0.00001

Age at diagnosis 1.04 1.02-1.04 <0.00001

SRS positivity 1.07 0.46-2.52 NS

Presence of bone metastases 1.21 0.82-1.79 NS

Sex (female) 0.97 0.67-1.40 NS

Small intestinal primary 1.00

Pancreatic primary 1.01 0.65-1.58 NS

Other primary site 1.14 0.69-1.71 NS

WHO/ENETS Grade 1 1.00

WHO/ENETS Grade 2 1.52 1.01-2.29 0.04

WHO/ENETS Grade 3 5.42 3.07-9.57 <0.00001

Primary tumor site “Other” includes: NETs of unknown origin, stomach, duodenum & colorectal NETs.
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abstraCt

An increased association between neuroendocrine tumors of the gastrointestinal tract 
and pancreas (GEP-NET) and other second primary malignancies has been suggested. 
We determined whether there is indeed an increased risk for second primary malignan-
cies in GEP-NET patients compared with an age- and sex-matched control group of 
patients with identical malignancies. The series comprised 243 men and 216 women, 
diagnosed with a GEP-NET between 2000 and 2009 in a tertiary referral center. The 
timeline, before-at-after diagnosis, and the type of other malignancies were studied 
using person-year methodology. Poisson distributions were used for testing statistical 
significance. All data were cross-checked with the Dutch National Cancer Registry. Out 
of 459 patients with GEP-NET, 67 (13.7%) had a second primary cancer diagnosis: 25 
previous cancers (5.4%), 13 synchronous cancers (2.8%), and 29 metachronous cancers 
(6.3%). The most common types of second primary cancer were breast cancer (n=10), 
colorectal cancer (n=8), melanoma (n=6), and prostate cancer (n=5). The number of 
patients with a cancer history was lower than expected, although not significant (n=25 
vs. n=34.5). The diagnosis of synchronous cancers, mainly colorectal tumors, was higher 
than expected (n=13 vs. n=6.1, P<0.05). Metachronous tumors occurred as frequent as 
expected (n=29 vs. n=25.2, NS). In conclusion, our results are in contrast to previous 
studies and demonstrate that only the occurrence of synchronous second primary ma-
lignancies, mainly colorectal cancers, is increased in GEP-NET patients compared with 
the general population.
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iNtrOduCtiON

Neuroendocrine tumors (NETs) are a heterogeneous group of tumors with various clini-
cal manifestations and biological behavior1.

The primary localizations of the majority of metastatic NETs are the gastrointestinal 
(GI) and bronchopulmonary tracts, and pancreas. In addition, these tumors can also be 
found in other more rare primary localizations such as ovaries, liver, and kidneys.

NETs that originate from cells of the diffuse neuroendocrine system of the GI-tract and 
the pancreas, gastroenteropancreatic NETs (GEP-NETs), are considered to be relatively 
rare tumors. However, more recent studies on NET epidemiology have demonstrated an 
increasing GEP-NET incidence and prevalence over the past 30 years. According to the 
United States Surveillance, Epidemiology, and End Results (SEER) database and several 
other European databases, current estimates of GEP-NET incidence vary between 2.5 
and 5 cases per 100 000 population2-7. It is not yet evident whether this is a true increase 
in NET incidence, or the result of an increased use of diagnostic procedures, or a combi-
nation of both.

Previously published studies have reported an association between GEP-NETs and sec-
ond primary malignancies8-10. Unfortunately, these studies were either small case series 
or autopsy studies8-10. Most studies also did not differentiate between previous, synchro-
nous and metachronous lesions. The absence of age and sex correlations between the 
investigated populations and National Cancer Registries is also a major drawback in the 
reported series. Etiologic explanations ranged from incidental discovery to stimulation 
of cancer growth by neuroendocrine factors.

The aim of this study was to determine whether there was indeed a true increased 
risk for a second primary malignancy in a GEP-NET patient group compared with an 
age- and sex-matched control group of patients with identical malignancies.

patieNts aNd metHOds

Patients
Patients with GEP-NETs were identified from the Erasmus MC NET database. Patients 
diagnosed with the multiple endocrine neoplasia type 1 (MEN1) syndrome were ex-
cluded from the study. The medical histories of 459 (non-MEN1) patients with GEP-NET, 
evaluated between 2000 and 2009 in the Erasmus MC, Rotterdam, The Netherlands, 
were reviewed. All GEP-NET patients treated in the Erasmus MC, Rotterdam (as described 
in this study) gave written informed consent before inclusion in the study, which was 
approved by the Medical Ethics Committee of the Erasmus MC, Rotterdam. Data were 
collected from medical records and cross-checked with the Dutch National Cancer 
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Registry. The diagnosis of associated second primary malignancies was made by chart 
review – including pathology reports – the medical history, physical examination of the 
patient, clinical notes and the correspondence of the referring physician, documenting 
and cross-checking the previous diagnosis of malignancy.

Associated malignancies were assigned as ‘previous’ (diagnosed >6 months before 
GEP-NET diagnosis), ‘synchronous’ (diagnosed within 6 months before or after GEP-NET 
diagnosis), or ‘metachronous’ second primary malignancies (diagnosed >6 months after 
GEP-NET diagnosis).

Noninvasive, benign tumors (adenomas), carcinoma in situ of the cervix, and non-
melanoma tumors of the skin (basaliomas and basal cell cancers) were excluded from 
this study.

Statistical analysis
The expected number of second primary malignancies was calculated with age- and 
sex-specific reference tables, using actuarial calculations11. Confidence intervals were 
constructed using Poisson tables for the observed number of malignancies.

For previous cancers, the age- and sex-specific distribution of the NET cohort was 
multiplied with a prevalence table, derived from the Dutch National Cancer Registry. The 
prevalence table describes the proportion of patients living with a previous diagnosis of 
cancer at a given age and stratified by sex.

For synchronous tumors, person-years at risk were calculated in a similar fashion up to 
6 months after diagnosis, and then multiplied by two. The expected number of tumors 
was obtained by multiplying these person-years at risk with corresponding age- and 
sex-specific incidence rates for the Dutch population, derived from the Dutch National 
Cancer Registry.

For metachronous tumors, person-years at risk were calculated from 6 months after 
the date of diagnosis of the first GEP-NET until the censored date of metachronous 
cancer, date of death or end of the follow-up (01-01-2010). For the total number of previ-
ous, synchronous, and metachronous tumors, differences between the observed and 
expected numbers were tested for significance using Poisson tables. To avoid post-hoc 
bias, subgroup analyses were only performed for the most prevalent previous, synchro-
nous, or metachronous second primary malignancies (n>3 per group).

resuLts

From 2000 to 2009, 459 consecutive patients – 243 men and 216 women (female-to-
male ratio, 1.1:1) – with GEP-NETs were evaluated at the Erasmus MC, Rotterdam, the 
Netherlands. The median age of the patients at the time of the GEP-NET diagnosis was 
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62.3 years (range 23.8–89.1 years). The mean follow-up of the study population was 44 
months (range 0.4–118.6 months). Table 1 shows the clinical characteristics of the indi-
viduals in the analysis. Metastases were demonstrated in 432 patients (94.1%). The great 
majority of patients (88.2%) were diagnosed with ENETS Stage IV disease12, 13 (Table 1). 

Sixty-three (13.7%) GEP-NET patients had 67 second primary cancers. Table 2 shows 
the occurrence of the most prevalent second primary malignancies in 459 patients di-
agnosed with GEP-NETs divided into previous, synchronous, and metachronous cancers.

The 67 second primary malignancies could be divided over 25 previous cancers 
(5.4%), 13 synchronous cancers (2.8%), and 29 metachronous cancers (6.3%). The most 
common types of second primary cancer were breast cancer (n=10), colorectal cancer 
(n=8), melanoma (n=6), and prostate cancer (n=5). Other second primary malignancies 
tumors, which are not included in the table, because of their small numbers, were: bron-
chial carcinoma (n=2), small intestinal carcinoma (n=2), renal cell carcinoma (n=4), lung 

Table 1. Characteristics of 459 consecutive patients with gastroenteropancreatic neuroendocrine tumors (GEP-
NETs), diagnosed from 2000-2009 in the Erasmus MC, Rotterdam, the Netherlands.

N %

Total 459 100

Gender Male 243 52.9

Female 216 47.1

Age < 50 63 13.7

50-69 272 59.3

> 70 124 27.0

Primary localization Pancreas 166 36.2

Non-functioning 130 28.3

Insulinoma 25 5.4

Glucagonoma 1 0.2

Gastrinoma 5 1.1

VIPoma 5 1.1

Small intestine 140 30.5

Colorectal 57 12.4

Stomach 12 2.6

Appendix 6 1.3

CUP (carcinoid unknown primary) 78 17.0

ENETS Stage I-IIIa 28 6.1

 IIIB 26 5.7 

IV 405 88.2
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carcinoma (n=2), gynecological malignancies (n=3), myelodysplastic syndromes (n=2), 
and leukemia (n=2).

The number of patients with a cancer history was lower than expected but not signifi-
cantly (n=25 vs. n=34.5). Diagnosis of synchronous cancers was higher than expected 
(n=13 vs. n=6.1, P<0.05). Synchronous cancers were colorectal cancer (n=4), small 
intestinal cancer (n=2), bronchial carcinoma (n=2), renal cell cancer (n=2), breast cancer 
(n=1), prostate cancer (n=1), and bladder cancer (n=1). Metachronous tumors occurred 
as frequent as expected (n=29 vs. n=25.2, NS) (Table 2).

disCussiON

We have evaluated the occurrence of second primary malignancies in a large cohort of 
patients with GEP-NETs, who were followed in a single, academic, tertiary referral institu-
tion. We have only found a significant increased risk of synchronous second primary 
malignancies, mainly colorectal cancers, in patients with GEP-NET.

We have chosen not to use GEP-NET data from a National Registry since it occurred 
to us that the GEP-NET registration in the Dutch National Cancer Registry is incomplete. 
Reasons for this decision were: some GEP-NETs were not considered to be malignant 
and, therefore, not reported. Variability in the GEP-NET nomenclature occurred over 
time. Also variability in classification systems was noted over time. In our study group, 

Table 2. Occurrence of second primary malignancies in 459 patients with gastroenteropancreatic neuroendo-
crine tumors (GEP-NETs), diagnosed from 2000-2009 in the Erasmus MC, Rotterdam, the Netherlands.

Observed Expected 95% CI SIR (O/E) 95% CI (SIR)

Prev Total 25 34.5 16.2-36.9 0.72 0.47-1.07

Prostate 5 6.7 1.6-11.7 0.75 0.24-1.75

Breast 5 7.5 1.6-11.7 0.67 0.21-1.56

Melanoma 4 2.3 1.1-10.2 1.74 0.48-4.43

Synchr Total 13 6.1 6.9-22.2* 2.13 1.13-3.64

Colorectal 4 0.9 1.1-10.2* 4.44 1.22-11.33

Metachr Total 29 25.2 19.4-41.7 1.15 0.77-1.65

Breast 5 2.6 1.6-11.7 1.92 0.62-4.50

Colorectal 4 4.0 1.1-10.2 1.00 0.28-2.55

Total 67 65.8 51.9-85.0 1.02 0.79-1.29

Prev (previous second primary malignancies), diagnosed >6 months before GEP-NET diagnosis; Synchr (synchronous 
second primary malignancies), diagnosed within 6 months before or after GEP-NET diagnosis; Metachr (metachro-
nous second primary malignancies), diagnosed >6 months after GEP-NET diagnosis; CI, confidence interval; SIR, stan-
dardized incidence ratio.

*P<0.05.
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the great majority of patients were diagnosed with ENETS Stage IV disease. Patients 
were not randomized.

The Netherlands has an estimated population of 16.6 million people. Our center cov-
ers approximately one fifth of this population. Until now, there is no national GEP-NET 
registry in the Netherlands. Therefore, we cannot give an impression on the proportion 
of Dutch GEP-NET patients who are treated in our center.

In historical series, the incidence of second primary malignancies in patients with 
GI-NETs (carcinoids) ranged from 12 to 46%, with an average of 17%9. In our series, the 
incidence of second primary malignancies in patients with GEP-NETs is 13.7%, which is 
in line with the findings in these historical GI-NET series.

A different distribution of GI-NETs (carcinoids) was noted in Taiwanese patients. In 
comparison with Western patients with GI-NETs, the Taiwanese patients presented with 
significantly more carcinoid tumors located in the rectum14. This study showed that Tai-
wanese GI-NET patients had a high probability of developing associated, non-carcinoid 
tumors mainly in the GI-tract, lungs, and the genitourinary system. However, a statistical 
quantification of risk using a national reference group was not performed14.

It still remains questionable whether there is a true increased incidence of second 
primary malignancies in GEP-NET patients. The historical series did not correct for age, 
sex, period of diagnosis, and time from diagnosis and did not provide standardized 
incidence/ mortality ratios, nor used data obtained from national cancer registries for 
comparison. Population-based cancer registries can provide high-quality, long-term, na-
tional data, with histological confirmation in the majority of cases15. The major strength 
of our study is the use of an age and sex national reference group by using linkage to the 
Dutch National Cancer Registry.

In a study on NETs (carcinoids) and adenocarcinomas of the small intestine, Zar et al. 
corrected their analyses for sex, age, period of diagnosis, and time from diagnosis. These 
authors concluded that second primary malignancies were generally diagnosed within 
the first year after the diagnosis of a tumor in the small intestine. This was possibly due 
to the extensive clinical work-up and follow-up of their patients16.

In a study with a similar design in patients with primary lung carcinoids, Cote et al. 
reported an increased risk of breast cancer in females within the first 5 years after the 
diagnosis of the lung carcinoid. However, after that period, the risk of breast cancer 
was lower than expected17. These authors also reported on increased risks of breast 
and prostate cancer in males who had an earlier diagnosis of a lung carcinoid. In these 
studies, other types of second primary malignancies in lung carcinoid patients were not 
more prevalent than in the general population17.

Statistical quantification of risk using a population-based reference group has not yet 
been used for analyzing second primary cancer risks in GEP-NET patients. Therefore, 
we have conducted an analysis in this group of patients, using the same methodology 
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as the study in patients with lung carcinoids17. Our methodology was also similar to 
the methodologies used in two large studies analyzing second primary cancer risks in 
patients with Merkel cell carcinomas, which are neuroendocrine skin tumors18, 19.

In conclusion, our results are refining conclusions obtained in previous studies and 
demonstrate that mainly the occurrence of synchronous second primary (intestinal) 
malignancies is increased in GEP-NET patients compared with the general population. 
This is probably due to incidental findings obtained at radiological or surgical examina-
tion, or gastroenterology work-up. Surveillance bias after diagnosis should always be 
considered as an explanation for excess risk of second primary malignancies, as medical 
attention is intensified immediately after a cancer diagnosis.

Owing to the rarity of GEP-NET and the diversity of the other cancer types, collabora-
tive international studies will be required to study this issue in further detail. This study 
does not support extensive screening programs for second primary malignancies in 
GEP-NET patients.
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abstraCt

Objective: The widespread application of abdominal computerized tomography (CT) 
imaging has revealed that 0.98–4.0% of individuals harbor adrenal lesions (inciden-
talomas). There is, however, paucity of information regarding the prevalence of adrenal 
lesions in patients with gastroenteropancreatic neuroendocrine tumors (GEP-NETs). 
Purpose of this study was to estimate the prevalence of adrenal lesions in patients with 
GEP-NETs and identify their radiological features and clinical significance.

Design: The prevalence of adrenal lesions was estimated retrospectively in 438 patients 
with GEP-NETs who underwent abdominal imaging. Secretory status and changes in 
size were documented during subsequent follow-up. MEN1 patients and ectopic ACTH-
secreting tumors were excluded.

Results: Adrenal lesions were detected in 32 (8.4%) of 383 patients included. The major-
ity (22 patients – 69%) were located at the left adrenal gland and the mean size was 23.6 
mm. In two patients, one with a well and another with a poorly differentiated tumor, 
clinicopathological features suggested adrenal metastases. During a mean follow-up 
period of 69.5 months, no subsequent growth of any adrenal lesion was observed. 
Endocrine evaluation documented subclinical glucocorticoid hypersecretion in 4 cases 
(14%). The presence of adrenal lesions did not correlate to distant metastases, however, 
they were observed more frequently in patients with G3 tumors.

Conclusion: The prevalence of adrenal lesions in patients with GEP-NETs was found to 
be higher than the general population and mostly represent benign adrenal adenomas 
(except patients with G3 tumors). Nevertheless, individualized assessment of imaging 
characteristics should still be considered.
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INTRODUCTION

The widespread application of modern imaging to detect abdominal pathology has 
revealed an increased prevalence of inadvertently discovered adrenal masses, named 
adrenal incidentalomas (AI). The prevalence of AI among patients who underwent 
abdominal computerized tomography (CT) is reported to be between 0.98% and 4.0%, 
with a trend to increase among the elderly1-4. In addition, autopsy studies have dem-
onstrated that the mean prevalence of adrenal masses in 87,065 cases is 6.0%, ranging 
from 1% to 32%5-7. Although these lesions are mostly unilateral, approximately 10–15% 
of cases can be bilateral,5 and in the vast majority (~80%), AI are proven to be benign 
adrenal adenomas8. In oncologic patients, adrenal masses are detected more frequently 
as autopsy series have revealed an overall prevalence of 27%9-11; this prevalence may 
increase up to 35% and 39% in the case of lung and breast cancer, respectively12.

Gastroenteropancreatic neuroendocrine tumors (GEP-NETS) comprise a heteroge-
neous group of relatively rare neoplasms that exhibit a more indolent biological behavior 
compared to epithelial neoplasms13. As a result of their relatively slow progression and 
in the absence of a clinical syndrome, GEP-NETs are frequently metastatic at the time of 
diagnosis14, mainly to the liver (85%), peritoneal cavity (18%), bones (8%), other intra-
abdominal sites (6%) and lungs (4%)15. However, there is currently no data regarding the 
prevalence of metastases to the adrenal glands in patients with GEP-NETs. Therefore, the 
detection of adrenal lesions during abdominal imaging in such patients is a diagnostic 
challenge since their metastatic origin needs to be excluded.

The aim of our study was to estimate the prevalence of adrenal masses discovered 
during imaging of patients with GEP-NETs, define their radiological features and dem-
onstrate their clinical significance during the course of the disease.

patieNts aNd metHOds

We retrospectively studied 438 consecutive patients with GEP-NETs, evaluated at two in-
stitutions in Greece and the Netherlands between 1990 and 2011. All included patients 
fulfilled the prerequisite of having been routinely surveyed at least at 6-month intervals 
with abdominal imaging [CT or Magnetic Resonance Imaging (MRI)] and gave written 
informed consent before inclusion in the studies, which were approved by the Medical 
Ethics Committees in both institutions.

Exclusion criteria were as follows: the presence of the disease in the context of a fa-
milial syndrome, as such patients develop adrenal lesions with a higher prevalence than 
the general population16. In addition, patients with GEP-NETs and Cushing’s syndrome 
due to ectopic adrenocorticotrophin (ACTH) secretion were excluded from the study, as 
adrenal enlargement could be related to the excessive and continuous ACTH hyperse-
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cretion. Demographical data, the localization of the primary GEP-NET(s) as well as the 
presence of metastatic disease to lymph nodes and/or distant organs, were recorded. 
Biological behavior of the primary tumor(s) was assessed based on the Ki-67 cellular 
proliferation index, and Grading was performed according to the Grading system pro-
posed by the European Neuroendocrine Tumor Society (ENETS). Using this classification 
system, Grade 1 (G1 Ki-67 ≤ 2%) and Grade 2 (G2 Ki-67 > 2%) tumors are regarded as 
well-differentiated tumors, whereas Grade 3 (G3, Ki-67 > 20%) tumors are regarded as 
poorly differentiated carcinomas. In addition, the recently introduced TNM system for 
the classification of such tumors was also considered17, 18.

Abdominal imaging of the patients that met the inclusion criteria were reviewed and 
evaluated for the presence of adrenal abnormalities by a single physician at each partici-
pating institution (R.A.F. & A.Z). When adrenal lesions were detected, their maximum size 
and radiological features were recorded and somatostatin receptor scintigraphy scans 
(SRS) with 111In-pentetreotide were reviewed for the presence of uptake at the adrenal 
region. Additionally, growth potential of the adrenal lesions was evaluated by monitor-
ing the lesion’s size during subsequent follow-up using established criteria (RECIST)19.

Adrenal masses measuring <4 cm were considered to be benign, whereas lesions >6 
cm were suspicious of harboring malignancy. For lesions with a size between 4 and 6 cm, 
additional radiological features were utilized to maximize the diagnostic accuracy, such 
as heterogeneous density, irregular shape, the presence of calcifications or necrosis of 
the lesion and the presence of invasion to adjacent structures20. In addition, low attenu-
ation values (≤10 Hounsfield Units) in unenhanced CT and rapid enhancement com-
bined with rapid wash out of contrast medium in contrast-enhanced CT were suggestive 
for a benign adrenal adenoma. Similarly in chemical shift MRI, lesions with low-signal 
intensity on out-of-phase images compared with in-phase images were consistent with 
benign adenomas, whereas malignant lesions tended to retain signal21. An increase in 
the lesion’s size ≥20% was considered as significant according to RECIST criteria19.

Assessment of the functional status of the adrenal lesions was performed when ap-
plicable. Screening for glucocorticoid hypersecretion was based on low-dose (1 mg) 
overnight dexamethasone suppression test (DST) [using a cortisol cut-off value of 1.8 
µg/dl (50 nM) to obtain maximum sensitivity] and the assessment of 24-h urinary corti-
sol excretion22. Confirmation of diagnosis was then achieved using the 2-day low-dose 
DST (0.5 mg of dexamethasone administered orally four times a day for 2 days – blood 
sample for cortisol taken on the third day at 9:00 a.m; 6 h after the last dose of dexa-
methasone – cut-off cortisol value: 50 nM). When appropriate, autonomous aldosterone 
secretion was evaluated in hypertensive patients using the ratio of ambulatory plasma 
aldosterone concentration (PAC) to plasma renin activity (PRA). A PAC/PRA ratio of 20 
or greater (PAC expressed in ng/dl and PRA in ng/ml/h) was considered as indicative of 
autonomous aldosterone excretion requiring further investigations. Androgen secretion 
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was assessed by measuring plasma dehydroepiandrosterone sulphate (DHEA-S) levels. 
To rule out possible catecholamine hypersecretion from an adrenal pheochromocytoma, 
24-h total catecholamines and total metanephrines were measured.

Statistical analysis
The prevalence of adrenal abnormalities in patients with NETs was estimated, and 
patients with adrenal lesions were compared to those without, regarding various 
clinicopathological parameters. Comparisons between the two groups were performed 
with unpaired t test for numerical data and chi-square test for categorical data. Level 
of statistical significance was set to 0.05. Calculations were performed using Statistical 
Package for Social Sciences (SPSS) software V.13.0 (Chicago, IL, USA).

resuLts

From the total cohort of 438 patients, 425 had adequate imaging studies to evaluate 
the presence of adrenal lesions (Figure 1). The mean follow-up period was 69.5 months 
(range: 7–253). Thirty-six patients with GEP-NETs associated with multiple endocrine 
neoplasia 1 (MEN1) syndrome were excluded as well as 6 patients with GEP-NETs and 
ectopic ACTH secretion. Among the remaining 383 patients that met the study criteria, 
205 (54%) were female and the mean age of diagnosis of the primary GEP-NET was 57.0 
± 12.4 years (range: 16–81). The majority of these tumors originated from the pancreas 
(127 patients – 33%), followed in order of frequency by the small intestine (95–25%), 
colon (29–8%), stomach (25–7%), appendix (20–5%), duodenum (13–3%) and rectum 
(12–3%). In 62 (16%) patients the primary tumor remained unknown until the comple-
tion of the study. Tumor staging could be applied to 379 patients; 47 patients (12%) had 
tumors confined at the organ of origin (Stages I–IIIA), whereas in 41 (11%) patients, the 
disease was extended to locoregional lymph nodes (Stage IIIB). In 291 patients (76%), 
the tumor had already metastasized to distant organs at the time of diagnosis (Stage 
IV). Information on Tumor Grading was available in 263 patients: 142 (54%) were G1, 112 
(43%) G2 and 9 (3%) G3 (Table 1).

Evaluation of the abdominal imaging revealed adrenal lesions in 32 patients, cor-
responding to a prevalence of 8.4%. The majority of these lesions were located at the 
left adrenal gland (22 patients – 69%), whereas in three patients (9%), the lesion was 
located at the right adrenal gland; in 7 (22%) bilateral involvement was observed. The 
mean diameter of the adrenal lesions was 23.6 ± 14.3 mm, measuring 17.4 ± 5.2 mm 
(range: 10–24) at the right adrenal and 25.5 ± 16 mm (range: 11–58) at the left one. For 
comparison reasons, we also assessed the corresponding prevalence of adrenal lesions 
among the 36 MEN1 patients and detected lesions in 14 of them (38.9%).
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Figure 1. Flow diagram reporting the initial number of evaluated individuals, the number of those excluded and 
the number of those eligible for the study. The results of adrenal evaluation are also summarized.

Table 1. Clinico-pathological characteristics of 383 patients with GEP-NETs evaluated for the presence of adre-
nal lesions. Group analysis has been conducted between patients with and without adrenal lesions.

ALL PATIENTS
(n=383)

ADRENAL LESION
(n=32)

NO ADRENAL LESION
(n=351)

P

Sex n % n % n %

Male / 205 53.5 15 46.9 190 54.1
0.463

Female 178 46.5 17 53.1 161 45.9

Age at diagnosis (yrs± SD) 57.0 ± 12.4 58.0 ± 9.0 56.9 ± 12.6 0.964

Localization of primary tumor

Pancreas 127 33.2% 11 34.4% 116 33.0% 0.847

Small Intestine 95 24.8% 12 37.5% 83 23.6% 0.090

Colon 29 7,6% 0 0% 29 8,3% 0.150

Gastric 25 6.5% 3 9.4% 22 6.3% 0.453

Appendix 20 5.2% 1 3.1% 19 5.4% 1.000

Duodenum 13 3.4% 0 0% 13 3.7% 0.613

Rectum 12 3.1% 0 0% 12 3.4% 0.610

Unknown 62 16.2% 5 15.6% 57 16.2% 1.000

Stage

Locoregional (Stage I-IIIB) 88 23.2% 11 34,4% 77 22,2%
0,180

Distant (Stage IV) 291 76.8% 21 65.6% 270 77.8%

Grade

1 - 2 254 96.6% 21 87.5% 233 97.2%
0.039

3 9 3.4% 3 12.5% 6 2.5%
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Endocrine evaluation was available for 29 patients harboring adrenal lesions and 
revealed an abnormal response to 1 mg DST, confirmed by a 2-day DST in 4 cases (14%). 
None of these patients presented with the classical clinical signs of Cushing’s syndrome 
or elevated 24-h urinary cortisol excretion, fitting the diagnosis of subclinical glucocor-
ticoid hypersecretion (SGH; Table 2). In one patient with SGH, the adrenal lesion was 
excised at the time of diagnosis, whereas repeated hormonal evaluation of the remain-
ing three patients confirmed the diagnosis of SGH without evidence of progression to 
overt Cushing’s disease. In total, three patients underwent adrenalectomy and in all of 
these cases, the histological examination revealed a benign adrenocortical adenoma. 
In one patient with Stage IV/Grade 3 pancreatic NET and bilateral adrenal involvement, 
postmortem histological evaluation revealed bilateral metastatic disease.

The imaging characteristics of the adrenal lesions were suggestive of benign adre-
nocortical disease in all patients except one patient with a Grade 2 pancreatic NET, 
who had a left sited adrenal lesion measuring 5.8 cm with heterogeneous density on 
abdominal CT; this patient also exhibited increased uptake on SRS. Although the lesion 
was not removed since the patient had already Stage IV inoperable disease, it is highly 
probable that it represents metastatic adrenal disease. SRS did not reveal any uptake in 
the adrenal glands of the remaining 31 patients. During subsequent follow-up imaging, 
none of the adrenal lesions presented growth greater than 20% of its maximal dimen-
sion to be considered as significant according to RECIST criteria.

Further on, the patients were divided in two groups: patients who had normal 
abdominal imaging and those with adrenal lesions. Comparisons were performed 
between these two groups regarding the patient’s sex, age at diagnosis, localization of 
the primary GEP-NET and the presence of distant metastases. No significant difference 
was observed in any of these parameters, whereas patients with G3 tumors presented 
adrenal lesions more frequently than those with well-differentiated NETs (33% vs. 8%, 
P=0.04).
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disCussiON

In this retrospective study, we found that the prevalence of adrenal lesions discovered 
during imaging in patients with sporadic GEP-NETs was 8.4%. This figure is higher than 
that reported in recent studies regarding the general population (0.98 –4.0%)1-3 (Table 
3), but significantly lower than the prevalence observed in patients with other malignan-
cies which is 27%23. In such patients, the possibility that adrenal lesions are metastatic is 
almost 50%24. On the contrary, among the 32 patients of the present study with adrenal 
lesions, only 2 (6.25%) were considered to have metastatic disease. This is in accordance 
with epidemiological data showing that the liver remains the main metastatic site of 
GEP-NETs and also highlights the indolent biological behavior and lower metastatic 
potential of these tumors compared to other malignancies.

The findings of the present study also provide evidence that the distinction between 
benign and malignant adrenal masses in GEP-NETs can be made using their imaging 
features. The vast majority of patients demonstrated imaging and scintigraphic features 
suggestive of benign adrenal adenomas rather than metastatic disease. Follow-up with 
subsequent scans did not show any significant change at the lesion’s size or morphol-
ogy (Figure 2). As all these findings were not consistent with metastases, fine needle 
aspiration biopsy was not justified in any of the patients, considering the high rates of 
perioperative adverse events25.

 The mean size of the adrenal lesions in this study was 23.6 mm (17.4 mm at the right 
adrenal and 25.5 mm at the left one), somewhat smaller compared to that reported in 
other studies (30–35 mm)5, 26. This finding is in favor of the benign nature of the lesions, 
because size is related to the probability of malignancy. Hence, in adrenal lesions smaller 
than 30 mm, the benign-to-malignant ratio can be estimated more than 5:127. Biochemical 
evaluation of the adrenal tumors revealed that four patients (14%) had SGH, a prevalence 
that is within the range observed in incidentalomas in the general population (1–29%, 
average 9%)27, 28, although more recent reviews estimate this prevalence to 6.4%8.

Table 3. Comparison of the prevalence of adrenal incidentalomas in patients with GEP-NETs with that reported 
in the general population. 

Year Total number of patients Patients with AI Percent % χ2 P

Ferreira et al. 2005 3382 83 2.5 36.41 < 0.0001

Bovio et al. 2006 520 21 4.2 5.25 0.02

Davenport et al. 2011 2227 22 0.98 79.97 < 0.0001

Our study 2012 382 32 8.4 - -

AI, adrenal incidentaloma
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The presence of adrenal lesions in patients with GEP-NETs was not related to distant 
metastases, further supporting the suggestion that they most probably represent be-
nign adrenal adenomas rather than metastatic disease. Patients with poorly differenti-
ated tumors harbored adrenal lesions more frequent than those with well-differentiated 
GEP-NETs and the only patient proven histologically to have adrenal metastases had a 
poorly differentiated (G3) pancreatic NET. These data suggest that aggressive biological 
behavior of the GEP-NET may predict the possibility that a concurrent adrenal lesion is 
metastatic.

The higher frequency of adrenal lesions found in patients with GEP-NETs compared 
to that in general population needs to be further investigated. In such patients, a 
higher prevalence of synchronous other types of neoplasias has been reported29. This 
co-existence of neoplasias could possibly be explained by inherited defects regarding 
tumor suppressor genes or oncogenes. Such association has already been described be-
tween familial adenomatous polyposis and adrenal neoplasia, resulting from a mutation 
in the tumor suppressor gene APC30. Another possible explanation is that growth and 

Figure 2. Abdominal MRI of case G067 (Table 2). 

a: in-phase T1-weighted image depicting a low-signal lesion measuring 20 mm at the right adrenal gland (white ar-
row), consistent with a cortical adenoma. 
b: the same lesion shows signal attenuation in out-of-phase T1-weighted image.
The dimensions of the lesion remain relatively stable as is evident in MRI imaging between panel c: (20.2 mm) and 
panel d: (19.8 mm) performed 1 year later. 
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mitogenic factors secreted by these multipotent tumors could exert tumorigenic effects 
in other tissues. Potential candidates could be the insulin-like growth factor 1 (IGF1), as 
its presence has been demonstrated in GEP-NETs at mRNA and protein level31, 32. Similar 
results have been reported regarding the actions of serotonin in carcinoid tumors either 
directly via its receptors or mediated by connective tissue growth factor (CTGF)33, 34. This 
constitutional tumorigenic predisposition might elucidate the higher frequency of bilat-
eral adrenal lesions observed in this study (22%) compared to bilateral incidentalomas 
in the general population (10–15%)5.

According to a recent retrospective analysis in patients with GEP-NETs, the prevalence 
of metastatic disease (either locoregional or distant) was 86% and the most frequent site 
of distant metastases was the liver (85%). These figures are similar to the findings of the 
present study15. Involvement of the liver seems to be an independent dismal prognostic 
factor. Such data do not exist for adrenal involvement. To our knowledge, there are only 
isolated case reports that describe the presence of adrenal metastases in patients with 
poorly differentiated NETs35.

In conclusion, the prevalence of adrenal lesions in GEP-NETs was found to be higher 
than in the general population, but significantly lower than that encountered in patients 
with other malignancies and mostly represent benign adrenal adenomas. Our findings 
therefore suggest that the presence of such lesions in patients with GEP-NETs, even in 
patients with Stage IV disease, may represent adrenal adenomas rather than metastatic 
disease (except patients with poorly differentiated GEP-NETs). Nevertheless, individual-
ized assessment of imaging characteristics should still be considered.
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abstraCt

Context: Only a small number of case reports has been published on patients with 
PTHrP-hypersecreting metastatic gastroenteropancreatic (GEP) neuroendocrine tumors 
(NETs).

Objective: The objective of this study was to evaluate the clinical, biochemical, and 
radiological features, management, and treatment outcome of patients with PTHrP-
hypersecreting GEP-NETs.

Design: Retrospective case series. 

Setting: Tertiary referral hospital.

Main Outcome Measures: Clinical, biochemical, and radiological features were mea-
sured, as well as response to therapy and survival.

Patients: Ten patients with PTHrP-secreting GEP-NETs (nine pancreatic and one 
unknown primary) with a median age of 50.4 years (range, 38.3– 61.1) were studied. 
Multiple endocrine neoplasia type 1 patients were excluded.

Results: The median follow-up was 57.2 months (range, 11.6 –204.5 mo). Median overall 
survival was 86.0 months. In total, 51 different treatment interventions and combina-
tions were applied. In seven of the 10 patients, somatostatin analog (SSA) treatment 
resulted in a temporary normalization of serum calcium levels with a long-term response 
observed in two patients (up to 35.2 mo). Peptide receptor radiotherapy (PRRT) with 
radiolabeled SSAs induced long-term responses ranging from 9.0–49.0 months in four 
of six patients treated with PRRT.

Conclusions: Hypersecretion of PTHrP by metastatic GEP-NETs is very rare and seems to 
be exclusively associated with metastatic pancreatic NETs. PTHrP production has major 
clinical impact because poorly controllable hypercalcemia is associated with increased 
morbidity and mortality. The most successful treatment options for PTHrP-producing 
GEP-NETs are SSAs and PRRT using radiolabeled SSAs. Isotonic saline and bisphospho-
nates can be considered as supportive therapies.



85

6

PTHrP Hypersecretion by GEP-NETs

iNtrOduCtiON

Hypercalcemia is a well-known paraneoplastic manifestation in patients with metastatic 
malignancies1. Two types of hypercalcemia can be distinguished in patients with meta-
static gastroenteropancreatic (GEP) and thoracic neuroendocrine tumors (NETs): local 
osteolytic hypercalcemia, and humoral hypercalcemia of malignancy (HHM)2-5.

The first is the result of increased bone resorption by osteoclasts mediated by (meta-
static) tumor cells, which are in direct contact with bone. The second is associated with 
the hypersecretion of PTH or PTHrP into the circulation by tumor cells2-5. Increased ex-
trarenal conversion of 25-hydroxyvitamin D3 (calcifediol, calcidiol, 25-hydroxycholecal-
ciferol [25(OH)D]) to 1,25 dihydroxyvitamin D3 (calcitriol, 1,25-dihydroxycholecalciferol 
[1,25(OH)2D]), as a result of increased activity of the enzyme 25(OH)D-1α-hydroxylase, 
generally does not occur in GEP-NETs2.

Bone resorption by osteoclasts may be stimulated by PTH, PTHrP, and 1,25(OH)2D and 
can subsequently cause hypercalcemia. A number of cytokines (such as IL-1α, IL-1β, IL-6, 
TNF, lymphotoxin, and TGF-α) also stimulate octeoclastic bone resorption either alone or 
in combination with PTHrP. Some of these cytokines have been linked to HHM. Besides 
stimulating osteoclast-mediated bone resorption, both PTH and PTHrP increase the 
reabsorption of calcium from the distal tubule, thus interfering with the ability of the 
kidneys to clear the filtered calcium load. Furthermore, PTH and PTHrP also increase 
1,25(OH)2D synthesis, which further contributes to a hypercalcemic state2.

PTH and PTHrP show amino acid sequence homology at the amino terminus, where 
eight of the first 13 amino acids are identical. The consequent activation of the shared 
PTH/PTHrP receptor explains the ability of PTHrP to resemble PTH as an inducer of bone 
resorption, renal phosphate wasting, and hypercalcemia6, 7.

There is reasonable doubt about whether PTHrP has an important role in the daily 
maintenance of calcium homeostasis. Under physiological conditions, circulating levels 
of PTHrP are considerably lower than PTH levels. Nevertheless, PTHrP is essential for 
the development of adult tissues and has a number of physiological functions. PTHrP is 
widely expressed in mesenchymal tissues—including cartilage, many epithelial tissues, 
skeletal and heart muscle, distal renal tubules, hair follicles, brain, and placenta6, 7.

PTHrP hypersecretion may be associated with highly malignant tumors (such as squa-
mous cell carcinomas, breast carcinomas, renal cortical carcinomas, and the adult T-cell 
leukemia syndrome) but also with a variety of less aggressive NETs6-8.

In patients with primary pancreatic, lung, or thymus NETs presenting with hypercalce-
mia in combination with elevated circulating PTH levels, primary hyperparathyroidism 
as part of multiple endocrine neoplasia type 1 (MEN1) syndrome should be considered9.

Only a few case reports of non-MEN1 patients with metastatic GEP-NETs presenting 
with hypercalcemia as a result of PTHrP hypersecretion have been described in the 
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literature. These show that investigational protocols, treatment management, and 
management of unusual complications vary considerably between patients and institu-
tions9-15.

We have, therefore, analyzed in a tertiary referral center the clinical, biochemical, and 
radiological features in all metastatic GEP-NET patients with PTHrP hypersecretion who 
presented with symptoms and signs of HHM.

patieNts aNd metHOds

Patients
We studied the medical records of 10 patients with PTHrP-hypersecreting GEP-NETs who 
were treated between 1986 and 2013 in the Erasmus University Medical Center (Erasmus 
MC), Rotterdam, the Netherlands. Patients diagnosed with the MEN1 syndrome were 
excluded.

All GEP-NET patients treated in the Erasmus MC, Rotterdam (as described in the pres-
ent manuscript), gave written informed consent before inclusion in the studies, which 
were approved by the Medical Ethics Committee of the Erasmus MC, Rotterdam.

Analysis of clinical and pathological data, laboratory parameters, and imaging findings 
was performed, and information on surgical and nonsurgical treatments was collected.

During this study, the PTH assay had changed over time (see Assays below). Also, new 
treatment options were introduced, such as the clinical availability of different radiola-
beled somatostatin analogs (SSAs) and the introduction of denosumab. The develop-
ment and clinical introduction of multireceptor subtypespecific SSAs, like pasireotide, 
has potentially improved efficacy of SSA treatment in GEP-NET patients16-18.

Diagnosis of GEP-NET
Diagnosis of GEP-NET was made on the basis of serological markers (chromogranin A 
[CgA]; neuron-specific enolase [NSE]), pathological elevations of circulating, hyperse-
creted neuroendocrine hormones or peptides19, and imaging according to international 
protocols and standards20, 21 in combination with histological confirmation according to 
current guidelines22, 23.

Diagnosis of PTHrP hypersecretion
The diagnosis of PTHrP-hypersecreting NETs was based on persistent hypercalcemia and 
(almost) completely suppressed plasma PTH levels in combination with elevated plasma 
PTHrP levels. Patients with low but detectable PTH levels, absent data on PTHrP levels, 
and bone metastases were excluded from the analysis. Patients taking pharmacological 
doses of 25(OH)D or 1,25(OH)2D at baseline were excluded as well.
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Assays
PTH and PTHrP were measured in all patients. Assays were performed in the endocrine 
laboratory of the Erasmus MC, Rotterdam, the Netherlands. PTHrP was measured in 
EDTA-plasma containing aprotinin using the PTHrP IRMA Kit (Mitsubishi Kagaku Iatron, 
Inc). After centrifugation, plasma was stored at - 80°C until assayed. The Immulite 2000XPi 
(Siemens Diagnostics) was used until 2012, and afterward the Vitros ECIQ (Ortho Clinical 
Diagnostics) was used for measurements of plasma PTH levels. CgA and NSE assays were 
performed in the Department of Clinical Chemistry of the Erasmus MC. CgA in serum 
was measured using a solid-phase, two-site IRMA assay (Cisbio Bioassays). NSE in serum 
was measured using an electrochemiluminescence immunoassay on an immunoassay 
analyzer (Roche Diagnostics).

Disease progression and response to therapy
Disease progression and response to therapy of hypercalcemia were assessed using 
three parameters: 1) radiological documentation of progressive disease according to 
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.024; 2) progression of 
clinical symptoms (such as weight loss and symptoms related to hypercalcemia); and 3) 
worsening of relevant biochemical markers (for example, uncontrolled hypercalcemia, 
not responsive to treatment).

Statistical analysis
Overall survival was analyzed using Kaplan-Meier methods. Log-rank testing was used 
to determine whether there was a statistically significant difference between the mortal-
ity in the normocalcemic pancreatic NET patient group and the group of hypercalcemic 
GEP-NET patients with PTHrP hypersecretion. Calculations were performed using Statis-
tical Package for Social Sciences software, version 21.0 (SPSS Inc).

resuLts

Between 1986 and 2013, after exclusion of MEN1 patients, 895 new patients with GEP-
NETs were seen in our center. This series included 295 patients with pancreatic NETs. 
Eighteen patients presented with, or developed, hypercalcemia.

Baseline data and presenting symptoms
Between 1986 and 2013, a total of 10 patients (six men and four women) were diagnosed 
with a PTHrP-hypersecreting GEP-NETs. The demographic and biochemical characteris-
tics of these 10 patients are listed in Table 1. Patients had a median age of 50.4 years 
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(range, 38.3– 61.1 years) at diagnosis of the GEP-NETs. The median follow-up was 57.2 
months (range, 11.6–204.5 mo).

Almost all patients (90%) had primary pancreatic PTHrP-hypersecreting NETs, and only 
one patient was diagnosed with a metastatic GEP-NET of unknown primary. All patients 
had developed ENETS/NANETS Stage IV disease (Table 1)25, 26. Main tumor metastatic 
localizations were liver (100%), lymph nodes (40%), and bone (10%). Tumor Grading 
was available in six of 10 GEP-NETs (60%): four GEP-NETs (40%) were classified as well-
differentiated (Grade 1), one GEP-NET (10%) was classified as moderately differentiated 
(Grade 2), and one GEP neuroendocrine carcinoma (NEC) (10%) was classified as poorly 
differentiated (Grade 3).

All patients had OctreoScan-positive lesions. Currently, three of the 10 patients are still 
alive and in active follow-up. The primary causes of death included disease progression 
with uncontrollable hypercalcemia (n=4), cause of death unknown/referred to another 
hospital (n=2), and septicemia probably caused by cholangitis (n=1).

Interventions
Information regarding therapeutic interventions for PTHrP hypersecretion, treatment 
response, and duration is listed in Table 2.

A total of 51 different therapeutic regimens, including combinations, were adminis-
tered. Twenty-seven therapeutic interventions were able to normalize serum calcium 
levels at some stage. A decrease of serum calcium levels could be achieved with 16 
therapeutic interventions, and with eight therapeutic interventions no serum calcium 
response was observed.

Short-term responses were obtained with iv isotonic saline (0.1–0.2 mo), bisphospho-
nates (0.2–2.3 mo), and embolization of liver metastases (0.1–1.1 mo).

Peptide receptor radiotherapy (PRRT) with radiolabeled SSAs had favorable effects on 
the hypercalcemia and plasma PTHrP levels with long-term responses ranging from 9.0 
to 49.0 months in four of six patients. However, two of the six patients had worsening 
of hypercalcemia while still undergoing PRRT or directly after finalization of the PRRT.

In seven of 10 patients, SSA treatment resulted in a temporary normalization of serum 
calcium levels (<7.7 mo). Two patients obtained a long-term response (up to 49 mo) with 
a combination of PRRT and SSA.

In the five patients who underwent PRRT with 177Lu-octreotate, tumor stabilization 
(stable disease [SD]) ranged from 10 to 51 months. This SD was paralleled by normaliza-
tion of serum calcium levels in three of five patients. In one patient who underwent 
PRRT with 177Lu-octreotate (Table 1, patient 5), SD was 48 months, whereas the bio-
chemical response lasted 15 months. In one patient (Table 1, patient 4), PRRT with 111In-
pentetreotide or 90Yt-octreotide resulted in SD of 7 and 8 months, respectively, but this 
was not paralleled by a biochemical response. In the only patient treated with sunitinib 
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Table 2. Therapeutic interventions (n=51) after diagnosis of a PTHrP-hypersecreting NET, including response 
and duration of response (n=10).

Therapeutic interventions (TI)
after diagnosis of PTHrP-hypersecretion

N N 
Calcium 

Response (N)
Response Duration 

(Months)

pts TI Normalization Decrease None Normalization Decrease

Total patients 10 51 27 16 8 0.1-49.0 0.03-1.5

NaCl 0.9%

24-h 3 3 2 1 0.1-0.2

12-h (intervals) 1 1 1

Somatostatin analog (SSA)

Octreotide LAR 20mg/4wk * 1 1 1 35.2

Octreotide IR 6 7 6 1 1.0-7.7 0.5

Bisphosphonates (B)

Single short iv infusion 2 4 1 2 1 2.3 0.2-0.4

Repetitive iv infusions 1 1 1 1.6

Surgery (cytoreduction)

Primary + Metastases 1 1 1 28.2

Embolization Liver Metastases 1 3 3 0.1-1.1

Ethanol injections Liver Metastases 1 2 1 1 0.3

PRRT
177Lu-Octreotate (4 cycl.) 2 2 2
177Lu-Octreotate + Capecitabine (4 cycl.) ** 1 1 1 9.0
90Yt-Octreotide (5 cycl.) 1 1 1
111In-Pentetreotide (4 cycl.) 1 1 1 0.5

Glucocorticoids (G) 1 1 1 0.3

Sunitinib (S) 1 1 1 5.2

Denosumab (D) 1 1 1 0.1

Combination Therapies

NaCl 0.9% + SSA IR 1 1 1 0.2

NaCl 0.9% + B iv 4 8 2 5 1 0.8-2.7 0.03-1.3

NaCl 0.9% + SSA IR + B iv 2 2 1 1 0.5 0.1

NaCl 0.9% + B oral + B iv repetitive 1 1 1 10.0

SSA IR + B iv repetitive 1 1 1 1.2

SSA LAR + B iv repetitive 1 1 1 1.5

SSA LAR + B iv + G 1 1 1 0.5

S + NaCl 0.9% 1 1 1 3.3

D + NaCl 0.9% + SSA IR 1 1 1 1.5

PRRT 177Lu-Octreotate (4 cycl.) + SSA IR 1 1 1 14.5

PRRT 177Lu-Octreotate (6 cycl.) + SSA LAR 2 2 2 33.3-49.0

Abbreviations: TI: Therapeutic intervention; B = bisphosphonate; G = glucocorticoid; S = sunitinib; D = denosumab; IR: 
immediate release; PRRT: peptide receptor radiotherapy 
* 1 patient switched from Octreotide LAR 20 mg/4wk to Octreotide LAR 30 mg/2wk 
** Capecitabine 1650 mg / m2
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(±isotonic saline) (Table 1, patient 5), SD was 13 months, and this was paralleled by 
normalization of serum calcium levels for 8 months.

Prognosis
Median overall survival of our normocalcemic patients with pancreatic NETs (n=277) 
was 161.8 months. Median overall survival of our 10 patients since the fi rst diagnosis of 
GEP-NET was 86.0 months, and median survival of our 10 patients since the diagnosis 
of PTHrP hypersecretion was 52.2 months (Figure 1). The overall survival in the patients 
with PTHrP hypersecretion was signifi cantly shorter (P=0.002) than in the group with 
normocalcemia.

Seven of 10 patients (70%) fi nally developed fatal progressive disease according to 
RECIST version 1.024 in combination with uncontrollable elevated serum calcium levels 
and elevated plasma PTHrP levels.

Case repOrts

This paper now reports in more detail two patients with pancreatic NETs with hypercal-
cemia due to excessive PTHrP hypersecretion. Patient 5 was diagnosed with a pancreatic 
NET with synchronous PTHrP secretion, and patient 10 was diagnosed with a pancreatic 
NET with metachronous PTHrP secretion. For both patients, more than one PTHrP mea-
surement was available.

Figure 1. Survival Kaplan-Meier curve of 10 patients with plasma PTHrP-hypersecreting NETs: overall survival 
and survival since the diagnosis of PTHrP-hypersecretion.

Median Overall Survival: 86.0 months 
Median Survival since PTHrP diagnosis: 52.2 months
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Patient 5 (Figure 2A)
A 61-year-old man was referred to the urologist for prostate hyperplasia (Table 1, patient 5). 
Subsequent imaging with computed tomography revealed pathological lesions in the pan-
creas and liver. The past medical history included type 2 diabetes and exocrine pancreatic 
insufficiency for which he received oral medication. Symptoms related to the hypercalcemia 
were involuntary weight loss, fatigue, and polyuria. His clinical condition was WHO-1.

An inoperable well-differentiated (Grade 1) NET in the pancreatic body with multilobar 
liver metastases was diagnosed. Serum calcium levels were elevated, serum phosphate 
levels were reduced, and serum creatinine levels were within the reference range. 
Plasma PTH concentrations were undetectable, whereas plasma PTHrP levels were 
elevated (Table 1, patient 5). Serum levels of CgA were elevated, and serum levels of 
NSE were within the reference range (Table 1, patient 5). 111In-pentetreotide scintigraphy 
(OctreoScan) showed a scan-positive lesion in the pancreas and multiple liver lesions.

The patient started treatment with Octreotide IR, 50 µg three times a day (t.i.d.) sc, 
which was converted to octreotide long-acting repeatable (LAR) (20 mg/4 wk im). PRRT 
177Lu-octreotate (cumulative dose, 43.9 GBq) was given in six cycles. The liver metastases 
showed regression (partial response), and the pancreatic lesion remained stable. This 
therapeutic approach also resulted in normalization of serum calcium levels. The octreo-
tide therapy in combination with PRRT was capable of maintaining calcium levels within 
the reference range for a total period of 7 years.

Seven years after the initial diagnosis of a PTHrP-secreting NET, tumor progression in 
combination with recurrence of hypercalcemia occurred. The patient was treated with 
iv bisphosphonates (zoledronic acid, 4 mg), and serum calcium levels normalized again 
for almost 2 months. Subsequently, treatment with sunitinib at a dose of 37.5 mg/d was 
started. Serum calcium levels normalized again for another 5 months. At 91 months 
after the initial diagnosis, the serum calcium levels increased again, iv isotonic saline 
was given in combination with sunitinib at a dose of 37.5 mg/d, and serum calcium 
levels normalized for 3 months. After 94 months, all other treatment modalities were 
ineffective to normalize calcium levels. Intravenous isotonic saline and denosumab (60 
mg sc) were both only able to lower the serum calcium levels slightly, and no response 
was seen after the renewed iv administration of 4 mg zoledronic acid. Also, the com-
bination of iv isotonic saline and denosumab and octreotide IR (500 µg t.i.d. sc) was 
only able to slightly reduce, but not normalize, the serum calcium levels. Meanwhile, 
the pancreatic NET and its metastases increased in size and number. Additionally, the 
patient underwent two cycles of 177Lu-octreotate (data not shown); he is still alive, 100 
months after the initial diagnosis, and presently has slightly increased serum calcium 
levels. His current clinical condition is WHO-2.
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Patient 10 (Figure 2B)
A 49-year-old woman was diagnosed with a well-differentiated (Grade 1) NET in the 
pancreatic head (Table 1, patient 10). Her past medical history was uneventful. She 
underwent a pancreaticoduodenectomy with curative intent. She was disease-free for 
10 years. She subsequently developed lymph node and multilobar liver metastases for 
which she was treated with metastasectomy and 177Lu-octreotate (44.3 GBq, given in six 
fractions).

Fifteen years after the diagnosis of the primary pancreatic NET, routine laboratory 
monitoring showed highly elevated calcium levels. Three months after the first diagno-
sis of hypercalcemia, the patient was admitted to our hospital with involuntary weight 
loss as well as nausea, poor appetite, polyuria, polydipsia, and persistent fatigue. Her 
clinical condition at that time was WHO-2.

Serum calcium concentrations were elevated, whereas serum phosphate and creati-
nine levels were within the reference range (Table 1, patient 10). Plasma PTH concentra-
tions were undetectable, whereas plasma PTHrP levels were elevated (Table 1, patient 
10). Serum levels of CgA and NSE were within the reference range (Table 1, patient 10). 
99mTc bone scintigraphy showed no bone metastases.

The patient was treated with Octreotide LAR (20 mg/4 wk im) in combination with 
a single short iv infusion of bisphosphonates and dexamethasone. This combination 
therapy was only able to decrease serum calcium levels for 0.5 month.

After recurrence of the hypercalcemia in combination with elevated plasma PTHrP 
levels, monthly infusions with bisphosphonates were started in combination with Oc-
treotide LAR (20 mg/4 wk im). This resulted again in a decrease in serum calcium levels 
for almost 2 months.

Five months after the initial diagnosis of the PTHrP hypersecretion, hepatic arterial 
embolization was performed because of tumor progression and recurrent hypercalce-
mia. The hypercalcemia normalized only for a short period of time (0.1–1.1 mo) after 
three hepatic arterial embolizations. The last treatment option tried in this patient was 
nightly iv isotonic saline in combination with furosemide and 4 mg zoledronic acid iv/4 
wk. Nine months later, 18 months after the initial diagnosis of the PTHrP hypersecretion, 
the patient died of progressive disease and uncontrollable hypercalcemia.
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disCussiON

This study presents the clinical, endocrine, and laboratory features of a group of 10 suc-
cessive patients with PTHrP-hypersecreting GEP-NETs who were evaluated and treated 
in a single tertiary referral center.

Figure 2. Serum calcium (corrected for albumin) and plasma PTHrP levels in the follow-up of two patients with 
PTHrP-hypersecreting pancreatic neuroendocrine tumors.

Figure 2A. Patient 5, pancreas NET with synchronous PTHrP secretion.

Figure 2B. Patient 10, pancreas NET with metachronous PTHrP secretion. 

SSA = somatostatin analog; LAR = long-acting repeatable; B = bisphosphonate; B rep = bisphosphonate repetitive iv 
infusions; G = glucocorticoids; PTHrP = parathyroid hormone-related peptide; D = denosumab
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GEP-NETs represent a heterogeneous group of relatively rare neoplasms with a distinct 
biological behavior27. Recent epidemiological reviews show that the age-adjusted inci-
dence of all GEP-NETs is 3.65, and for pancreatic NETs it is 0.4328. Our series of 895 new 
patients with GEP-NETs (295 patients with pancreatic NETs) included only 18 patients 
with hypercalcemia (2%) and 10 patients (1.1%) with proven PTHrP production, which 
demonstrates that PTHrP-hypersecreting GEP-NETs are extremely rare.

Only seven studies, reporting a total of 20 patients with PTHrP-hypersecreting pan-
creatic NETs, have been published9-15. Our series is, therefore, the largest published 
single-center case series.

In our study, we have only included patients with low to undetectable PTH levels. Al-
though very rare, we might, therefore, have missed patients presenting with combined 
ectopic PTH and PTHrP hypersecretion. Ectopic PTH secretion by NETs and NECs has 
been described in only a few case reports29-31. Combined ectopic PTH and PTHrP hyper-
secretion has been suggested in a patient with a non-neuroendocrine lung carcinoma32, 
but a patient with a pancreatic NEC described by VanHouten et al31 presented with both 
elevated PTH and elevated PTHrP levels.

Our management of patients with PTHrP-hypersecreting GEP-NETs was aimed at long-
term control and achieving normalization of serum calcium, preferably also paralleled by 
tumor stabilization or reduction, and finally prolongation of (progression-free) survival.

Resection of the primary pancreatic NET and its metastases was only feasible in one 
patient; this was followed by a decrease in plasma PTHrP and resulted in normalization 
of serum calcium levels for more than 2 years. However, in two other patients, hepatic 
artery embolization and ethanol injections of liver metastases with the intent to obtain 
significant tumor debulking were successful for a very limited period of time (less than 
2 mo) or were unsuccessful.

Alternatively, hypercalcemia can be controlled by medical therapies such as iv isotonic 
saline, bisphosphonates, glucocorticoids, and SSAs.

The iv administration of isotonic saline corrects possible volume depletion due to 
hypercalcemia-induced urinary salt wasting and, in some cases, vomiting. Hypovolemia 
can exacerbate hypercalcemia by impairing the renal clearance of calcium33. Our results 
show that iv isotonic saline should be considered as the standard supportive therapy in 
patients with PTHrP-hypersecreting NETs and hypercalcemia, but as monotherapy it has 
only limited effectiveness.

Bisphosphonates inhibit calcium release by interfering with the osteoclast-mediated 
bone resorption34, 35. Because of the ability of PTHrP as an inducer of bone resorption, 
renal phosphate wasting, and elevated distal tubular reabsorption of calcium, bisphos-
phonates should theoretically be able to control serum calcium levels in patients with 
PTHrP-hypersecreting tumors and hypercalcemia6, 7. A systematic review of bisphos-
phonates for HHM showed that, in general, bisphosphonates can normalize serum 
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calcium levels in >70% patients; however, approximately 25% of cases with HHM are 
still resistant to bisphosphonate therapy36. In our patients, bisphosphonates were only 
able to decrease, or normalize, serum calcium levels for a relatively short period of time 
(maximum, 2.3 mo), and therefore the clinical effectiveness of bisphosphonate mono-
therapy was limited.

As already stated, increased 25(OH)D-1α-hydroxylase activity has not been reported in 
GEP-NET patients. The activity of this enzyme can be successfully inhibited by glucocor-
ticoids. It is, therefore, not surprising that glucocorticoid administration was ineffective 
in the control of hypercalcemia in our patients.

Gastrointestinal NETs express the somatostatin receptor subtype 2 (sst2) in approxi-
mately 90% and pancreatic NETs (with the exception of nonmetastatic insulinomas) in 
approximately 80% of the tumors37.

The currently available commercial octapeptide SSAs show a high affinity for sst2 and 
low-median affinities for somatostatin receptor subtypes 3 and 5 (sst3 and sst5)38. These 
drugs are effective therapies for symptom control and control of tumoral hormone se-
cretion in patients with GEP-NETs, achieving symptom control in up to 71% of patients 
and biochemical response in up to 51%39-42.

In the present study, SSA treatment resulted in a temporary normalization of serum 
calcium levels in seven of 10 patients. Two patients obtained a long-term response (up 
to 35.2 mo).

The use of SSAs as antiproliferative agents in patients with GEP-NETs has been recently 
established. Sandostatin LAR (30 mg/mo im) resulted in a prolongation of time to pro-
gression from 8 to 16.3 months, as compared to placebo, in patients with metastatic 
NETs of the small intestinal tract43. Lanreotide Autogel (120 mg/mo sc) in patients with 
GEP-NETs resulted in a prolongation of progression-free survival over placebo. Median 
progression-free survival was not reached with this drug vs. 18 months with placebo44.

PRRT with 177Lu-octreotate can not only result in a reduction in tumor size and pro-
longation of overall and progression-free survival, but can also lead to an improvement 
in symptoms. PRRT with 177Lu-octreotate resulted in complete and partial remissions of 
metastatic GEP-NETs in 2% and 28% of patients, respectively. Also, symptoms improved 
in 40–70% of patients45-47.

In patients treated with PRRT using 177Lu-octreotate, mean serum calcium levels de-
creased significantly48. However, the underlying mechanism for this process could not be 
elucidated48. Hypoparathyroidism, 25(OH)D deficiency, renal insufficiency, pseudohypo-
parathyroidism, and low calcium intake could be excluded48. The potential decrease of 
serum calcium levels in patients with PTHrP-hypersecreting tumors occurring after PRRT 
with 177Lu-octreotate is, therefore, an extra advantage of this therapy.

In our series, PRRT also had favorable effects on the hypercalcemia and plasma PTHrP 
levels, with long-term responses ranging from 9.0 – 49.0 months in four of six patients. 
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However, two of six patients had worsening of hypercalcemia while still undergoing 
PRRT, or directly after finalization of the PRRT. Tumor stabilization with PRRT was paral-
leled by normalization of serum calcium values in three of five patients treated with 
177Lu-octreotate.

Seven of the 10 patients developed progressive disease, and this was paralleled 
by an increase of plasma PTHrP and serum calcium levels. However, not only did the 
hypercalcemia worsen; the intervals between the treatments and treatment responses 
shortened as well. Worsening of hypercalcemia, therefore, generally reflected disease 
progression.

A possibly effective new treatment option for PTHrP-induced hypercalcemia might 
be the sc administration of denosumab. The human monoclonal antibody denosumab 
specifically binds the receptor activator of nuclear factor κB (RANK) ligand, blocks the 
binding of RANK ligand to RANK, and thereby reduces the formation, function, and 
survival of osteoclasts, which results in decreased bone resorption35.

In one of our patients, monotherapy with denosumab was not very effective, and cal-
cium levels only slightly decreased for 0.1 month. The combination of denosumab with 
iv isotonic saline and Octreotide IR (500 µg t.i.d. sc) was able to reduce serum calcium 
levels for a longer period of time (1.5 mo).

New antitumor treatment options are needed for patients with metastatic GEP-NET 
presenting with, or developing, PTHrP hypersecretion to prevent recurrence of hypercal-
cemia and thereby to improve survival of patients with metastatic PTHrP-hypersecreting 
GEP-NETs.

Clinical trials testing two new targeted antitumor therapies, everolimus and sunitinib, 
have subsequently led to the recent approval of these two drugs by the US Food and 
Drug Administration and the European Medicines Agency for the treatment of inoper-
able, progressive, Grade 1 and 2 pancreatic NETs49, 50.

In one of our patients, monotherapy with sunitinib (37.5 mg/d) resulted in normaliza-
tion of serum calcium levels for 5.2 months. After recurrence of hypercalcemia, iv iso-
tonic saline was given in combination with sunitinib, and normocalcemia was achieved 
for another 3.3 months.

A study with anti-PTH immunotherapy in a patient with metastatic parathyroid car-
cinoma induced tumor shrinkage accompanied by hormonal, biochemical, and clinical 
improvements51. Anti-PTHrP immunotherapy could be explored as another potentially 
interesting treatment option in patients with PTHrP-hypersecreting GEP-NETs.

A large international cohort study looked at survival and TNM staging for pancreatic 
NETs. A cumulative survival of approximately 83% at 5 years and 74% at 10 years was 
shown52. In our study, the 5- and 10-year survival of patients with PTHrP-hypersecreting 
pancreatic NETs was approximately 70% and <40%, respectively. This suggests that 
PTHrP hypersecretion is associated with a worse survival. This is most probably due to 
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complications of HHM in combination with tumor progression and/or suggests that 
PTHrP production occurs in a subset of GEP-NET patients with a worse clinical course.

We conclude that, although increased hypersecretion of PTHrP by metastatic GEP-
NETs is very rare, it has major clinical impact because, apart from the poorly controllable 
hypercalcemia, it is also a bad prognostic sign. Paraneoplastic PTHrP production in 
patients with GEP-NETs seems to be exclusively associated with metastatic pancreatic 
NETs. The most successful treatment options for PTHrP-producing GEP-NETs are SSAs 
and PRRT using radiolabeled SSAs. Isotonic saline and bisphosphonates are generally 
used and can be recommended as a supportive therapy.
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abstraCt

Objective: Several series report on the relative contribution of ectopic ACTH syndrome 
(EAS) in the spectrum of Cushing’s syndrome. However, prevalence of EAS in patients 
with thoracic or gastroenteropancreatic neuroendocrine tumors (GEP-NETs) is currently 
unknown.

Design: We assessed, in a tertiary referral center, the prevalence of EAS in a large cohort 
of thoracic and GEP-NET patients including clinical, biochemical, and radiological fea-
tures; management; and treatment outcome.

Methods: In total, 918 patients with thoracic or GEP-NETs were studied (1993–2012). 
Multiple endocrine neoplasia type 1 and small cell lung carcinoma patients were ex-
cluded. Differentiation between synchronous, metachronous, and cyclic occurrence of 
EAS was made.

Results: Out of the 918 patients with thoracic and GEP-NETs (469 males and 449 females; 
median age 58.7 years (range: 17.3–87.3)), 29 patients (3.2%) had EAS (ten males and 19 
females; median age 48.1 years (range: 24.7–77.9)). EAS occurred synchronously in 23 
patients (79%), metachronously in four patients (14%), and cyclical in two patients (7%) 
respectively. NETs causing EAS included lung/bronchus (n=9), pancreatic (n=9), and 
thymic (n=4). In four patients, the cause of EAS was unknown (n=4). Median overall sur-
vival (OS) of non-EAS thoracic and GEP-NET patients was 61.2 months (range: 0.6–249.4). 
Median OS of EAS patients was 41.4 months (range: 2.2–250.9). After comparison, only 
the first 5-year survival was significantly shorter (P=0.013) in EAS patients.

Conclusion: Prevalence of EAS in this large cohort of patients with thoracic and GEP-
NETs was 3.2%. EAS was mostly caused by thoracic and pancreatic NETs. First 5-year 
survival of EAS patients was shorter compared with non-EAS patients.
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iNtrOduCtiON

Cushing’s syndrome (CS) is a rare and severe endocrine disorder characterized by a vari-
ety of typical signs and symptoms that occur due to chronic overproduction of cortisol. 
The estimated prevalence is two to three cases per million population per year1.

Chronic hypercortisolism is associated with multiple systemic complications resulting 
in significant morbidity that severely impairs quality of life and an increased mortality 
when cortisol levels are not or suboptimally controlled1.

CS is divided into adrenocorticotropin (ACTH)-dependent CS, and ACTH-independent 
CS. In ~80% of the cases, CS is ACTH-dependent, caused by either an ACTH-secreting 
pituitary adenoma (Cushing’s disease) or, less often, by a non-pituitary ectopic ACTH-
secreting tumor. ACTH-independent CS is caused by benign or malignant adrenal 
tumors or bilateral adrenal hyperplasia1.

The ectopic ACTH syndrome (EAS) represents 20% of ACTH-dependent CS and about 
10% of all types of CS1-4. EAS is associated with a variety of malignancies, predominantly 
of (neuro-)endocrine origin (bronchial, thymic, or pancreatic neuroendocrine tumors 
(NETs)). Other tumors associated with EAS are small cell lung carcinoma (SCLC), pheo-
chromocytoma, medullary thyroid carcinoma (MTC), and prostate carcinoma2, 5-8.

NETs originate from cells of the diffuse endocrine system and form a heterogeneous 
group of relatively rare neoplasms with various clinical manifestations and a distinct 
biological behavior9. Recent epidemiologic studies show that the age-adjusted in-
cidence of all gastroenteropancreatic (GEP)-NETs is 3.65, for pancreatic NETs 0.43, for 
bronchial NETs between 0.2 and 2.0, and for thymic NETs, this is 0.4/100 000 population 
per year10, 11. Therefore, ectopic ACTH-secreting thoracic and GEP-NETs are extremely 
rare. Several large series report on the relative contribution of EAS in the spectrum of 
CS2, 7, 12. However, information on the incidence and prevalence of EAS in the setting of 
patients diagnosed with thoracic or GEP-NETs is currently unknown.

Therefore, the aim of this study was to assess the prevalence of EAS in a large cohort 
of patients with thoracic and GEP-NETs in a single tertiary academic referral center 
and to compare the prognosis in patients with and without EAS. Furthermore, clinical, 
biochemical, and radiological features; management; and treatment outcome of this 
patient cohort with EAS was evaluated.

patieNts aNd metHOds

Patients
Patients with thoracic and GEP-NETs were identified from the Erasmus MC NET database. 
Patients diagnosed with the multiple endocrine neoplasia type 1 (MEN1) syndrome 
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were excluded. Thymic NETs are known to be associated with MEN1, and MEN1-related 
ACTH-secreting NETs can harbor germline menin or other somatic mutations1.

Also patients with SCLC, prostate carcinoma, and MTC were excluded from the study. 
The medical records of 918 (non-MEN1) patients with thoracic and GEP-NETs, evaluated 
between 1993 and 2012 in the Erasmus MC, Rotterdam, the Netherlands, were reviewed. 
All thoracic and GEP-NET patients treated in the Erasmus MC, Rotterdam (as described in 
the present manuscript) gave written informed consent before inclusion in the studies, 
which were approved by the Medical Ethics Committee of the Erasmus MC, Rotterdam.

Analysis of clinical and pathological data, laboratory parameters, and imaging find-
ings was performed, and information on medical and surgical treatments was collected.

Diagnosis of thoracic NET and GEP-NET
Diagnosis of thoracic NET and GEP-NET was made on the basis of serological markers 
(chromogranin A and neuron-specific enolase), pathologic elevations of circulating, 
hypersecreted neuroendocrine hormones, or peptides13, imaging according to inter-
national protocols and standards14, 15 in combination with histological confirmation 
according to current guidelines16, 17.

Diagnosis of EAS
The diagnosis of CS was based on a review of the patient’s medical history, clinical fea-
tures, and laboratory tests. The use of exogenous glucocorticoids was excluded before 
biochemical tests were conducted. Hypercortisolism was biochemically established by 
elevated excretion of 24-h urinary free cortisol (UFC) levels on at least two occasions, 
insufficient suppression of serum cortisol after 1 mg overnight dexamethasone (cutoff 
plasma cortisol (0800h): 50 nmol/l), loss of physiological cortisol diurnal rhythm (CDR) 
with assessment of midnight plasma and/or salivary cortisol levels, and non-suppressed 
plasma ACTH levels in the presence of normal or elevated plasma cortisol levels.

After the diagnosis of ACTH-dependent CS, the following tests were used to differenti-
ate between pituitary and ectopic ACTH production: first, radiological imaging of the 
pituitary by magnetic resonance imaging (MRI); secondly, when no adenoma was pres-
ent on radiological imaging or if the size of the adenoma was <6mm, bilateral inferior 
petrosal sinus sampling (BIPSS) was performed as the gold standard differentiation test. 
The iv 7 mg high-dose dexamethasone suppression test (HDDST) and the corticotropin-
releasing hormone (CRH) stimulation test were not routinely used anymore from 2000 
and onwards because of availability and better diagnostic performance of BIPSS18.

Definition of synchronous, metachronous, and cyclic EAS
Further differentiation was made between synchronous (diagnosed within 3 months be-
fore or after thoracic or GEP-NET diagnosis), metachronous (diagnosed >3 months after 
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thoracic or GEP-NET diagnosis), and cyclical EAS (repeated episodes of hypercortisolism 
intermediated by phases of normal cortisol secretion) based on the time between the 
diagnosis of EAS and the diagnosis of the thoracic or GEP-NET.

Assays and investigations
Serum cortisol (reference range: 200–700 nmol/l), 24-h UFC excretion (reference range: 
0–850 nmol/24-h), and plasma ACTH (reference range: 0–11 pmol/l) were measured 
using chemiluminescence-based immunoassays (Immulite 2000, Siemens, Los Angeles, 
CA, USA; inter- and intra-assay coefficients of variation respectively below 15 and 7% 
for cortisol and below 6.5 and 5.5% for ACTH). Urinary cortisol was measured without 
prior solvent extraction. Although this may be a less accurate method, the upper limit of 
normal of this in-house assay was carefully determined according to cortisol secretion 
rate in healthy controls19. Salivary cortisol was measured using a commercial kit (Salivary 
Cortisol ELISA SLV-2930, DRG Instruments GmbH, Marburg, Germany).

Statistical analysis
Thoracic and GEP-NET patients with EAS were compared to those without EAS, regard-
ing various clinicopathological parameters. Comparisons between the two groups were 
performed with unpaired t-test for numerical data and chi-square test for categorical 
data. The Fisher’s exact test was used when the chi-square test had one or more cells 
with an expected frequency of five or less. The level of statistical significance was set to 
0.05. Overall survival (OS) and 5-year survival were analyzed using Kaplan–Meier meth-
ods. Log-rank testing was used to determine whether there was a statistically significant 
difference between the mortality in thoracic and GEP-NET patients with and without 
EAS. Calculations were performed using Statistical Package for Social Sciences (SPSS) 
Software V.21.0.

resuLts

Patients
From 1993 to 2012, a total of 953 NET patients were treated in our department. After 
exclusion of 24 MEN1, four SCLCs, two prostate carcinoma, one MTC, and four other non-
proven NET patients, 918 consecutive (non-MEN1) patients – 469 men and 449 women 
(female-to-male ratio, 1:1) – with thoracic and GEP-NETs were studied.

The median age of the patients at the time of the thoracic and GEP-NET diagnosis 
was 58.7 years (range: 17.3–87.3). The median follow-up of the study population was 
61.2 months (range: 0.6–250.0). The majority of these tumors originated from the small 
intestine (267 patients – 29.1%), followed in order of frequency by the non-functioning 
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pancreas NETs (221 – 24.1%), lung/bronchus (51 – 5.6%), large intestine (47 – 5.1%), ileo-
cecal (43 – 4.7%), and insulinoma (41 – 4.5%). In 131 (14.3%) patients, the primary tumor 
remained unknown until the completion of the study. The great majority of patients 
(81.8%) were diagnosed with ENETS Stage IV disease. Information on Tumor Grading 
was available in 523 patients: 240 (26.1%) were G1, 240 (26.1%) were G2, and 43 (4.7%) 
were G3 (Table 1).

Evaluation of the medical records of these 918 thoracic and GEP-NETs patients revealed 
EAS in 29 patients – 19 women and ten men (female-to-male ratio, 1.9:1), corresponding 
with a prevalence of 3.2%.

Patients were divided into two groups: patients with and without the EAS with respect 
to the patient’s sex, age at diagnosis, localization of the primary thoracic or GEP-NET, 
localization of the metastases, Tumor Grade, and ENETS Stage. Highly significant dif-
ferences were seen for the following parameters: a higher median age at diagnosis 
of the primary NET in the non-EAS group (58.9 years vs. 48.1 years, P<0.001), a higher 
prevalence of thoracic (lung/bronchus and thymic) NETs in the EAS group (31% vs. 4.7%, 
P<0.001), a higher prevalence of small intestine NETs in the non-EAS group (30% vs. 0%, 
P<0.001), a higher prevalence of liver metastases in the non-EAS group (78.7% vs. 55.2%, 
P 0.003), and a higher prevalence of lung metastases in the EAS group (27.6% vs. 7.8%, 
P 0.002); Grade 2 tumors were more frequently seen in patients in the EAS group (48.3% 
vs. 25.4%, P 0.006), and Stage IIIB was more frequently present in the EAS group (24.1% 
vs. 9.3%, P 0.018), whereas Stage IV was more frequently seen in the non-EAS group 
(82.5% vs. 62.1%, P 0.005) (Table 1).

Clinical presentation and complications of EAS
The majority of patients presented with the classic clinical signs and symptoms of CS 
were caused by known ectopic ACTH secretion: muscle weakness (79%), hypokalemia 
(72%), body weight changes (69%), truncal obesity (66%), full moon face (66%), hyper-
tension (59%), and diabetes (59%) (Table 2).

Complications due to severe hypercortisolism included uncontrolled diabetes (59%) and 
severe or opportunistic infections (41%) involving the skin (n=2), urogenital tract (n=3), 
respiratory tract (n=5), sepsis (n=3), herpes zoster (n=1), and candida (n=1). Three patients 
had multiple recurrent infections. Other complications were severe hypertension (17%), 
pulmonary embolism (n=3) or thrombosis (n=1) (14%), and psychosis (14%) (Table 2).

Diagnosis of EAS
All patients but one (due to failure in urine collection) had elevated excretion of 24-h 
UFC levels above the normal reference range on at least two occasions: median baseline 
UFC – 5872 nmol/24-h (range: 1028–89392 nmol/24-h) and median highest UFC – 14405 
nmol/24-h (range: 1127–30149 nmol/24-h). All patients had insufficient suppression of 
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Table 1. Clinicopathological characteristics of 918 patients with thoracic and GEP-NETs evaluated for the pres-
ence of EAS. Group analysis has been conducted between thoracic and GEP-NET patients with and without the 
EAS.

All patients Non-Cushing NET Ect. ACTH Cushing NET

P-value
(n = 918 ) (n = 889 ) (n = 29)

n % n % n %
Gender
Male 469 51.1 459 51.6 10 34.5 0.069

Female 449 48.9 430 48.4 19 65.5

Age at diagnosis NET (years) 58.7 (17.3-87.3) 58.9 (17.3-87.3) 48.1 (24.7-77.9) <0.001

< 50 205 22.3 189 21.3 16 55.2 <0.001

50-69 555 60.5 543 61.1 12 41.4 0.033

>70 158 17.2 157 17.7 1 3.4 0.045

Primary localization
Lung/bronchus 51 5.6 42 4.7 9 31 <0.001

Thymus 6 0.7 2 0.2 4 13.8 <0.001

Stomach 18 2 17 1.9 1 3.4 0.442

Small intestine 267 29.1 267 30 0 0 <0.001

Appendix 16 1.7 15 1.7 1 3.4 0.404

Ileocecal 43 4.7 43 4.8 0 0 0.393

Large intestine 47 5.1 47 5.3 0 0 0.394

Rectum 32 3.5 32 3.6 0 0 0.62

Other * 12 1.3 12 1.3 0 0 1.000

Cancer of unknown primary 131 14.3 127 14.3 4 13.8 1.000

Pancreas

 Non-functioning 221 24.1 212 23.8 9 31 0.373

 Insulinoma 41 4.5 41 4.6 0 0 0.636

 Glucagonoma 6 0.7 6 0.7 0 0 1.000

 Gastrinoma 16 1.7 15 1.7 1 3.4 0.404

 VIPoma 10 1.1 10 1.1 0 0 1.000

 Somatostatinoma 1 0.1 1 0.1 0 0 1.000

Metastases localization
Lymph node 648 70.6 631 71 17 58.6 0.151

Liver 716 78 700 78.7 16 55.2 0.003

Bone 214 23.3 207 23.3 7 24.1 0.915

Lung 77 8.4 69 7.8 8 27.6 0.002

Other ** 127 13.8 123 13.8 4 13.8 1.000

Tumor Grade
G1 240 26.1 236 26.5 4 13.8 0.124

G2 240 26.1 226 25.4 14 48.3 0.006

G3 43 4.7 40 4.5 3 10.3 0.15

unknown 395 43 387 43.5 8 27.6 0.088

ENETS Stage
I-IIIa 77 8.4 73 8.2 4 13.8 0.296

IIIb 90 9.8 83 9.3 7 24.1 0.018

IV 751 81.8 733 82.5 18 62.1 0.005

*Other primary tumors included: oesophagus, kidney and ovary NETs
** Other metastases included: adrenal, heart, brain, spleen, mammae, skin, thyroid, testis, eye and uterus
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serum cortisol after 1mg overnight dexamethasone (cutoff 50 nmol/l), loss of physiologi-
cal CDR, and non-suppressed plasma ACTH levels (median 37.9 pmol/l, range: 1.8–169.0 
pmol/l) in the presence of normal or elevated serum cortisol levels (median 1091 nmol/l, 
range: 324–3707 nmol/l).

For further differentiation between pituitary and ectopic ACTH production, 16 of 
29 (55%) patients underwent MRI of the pituitary gland, but in no case did this show 
any clear evidence of an adenoma at presentation or follow-up. Overall, 20 patients 
underwent a HDDST, and 19 of 20 (95%) showed no serum cortisol suppression after 
HDSST. However, the only patient who showed cortisol suppression after HDSST (42.5% 
suppression of the baseline value) was diagnosed with a histologically proven EAS (lung 

Table 2. Clinical symptoms and signs at presentation including complications in patients with EAS (n=29).

Clinical symptoms & signs N (%)

Muscle weakness 23 (79)

Hypokalemia 21 (72)

Body weight 20 (69)

Increase 17 (59)

Decrease 3 (10)

Truncal obesity 19 (66)

Full moon face 19 (66)

Hypertension 17 (59)

Diabetes 17 (59)

Edema 16 (55)

Bruising 15 (52)

Hirsutism 14 (48)

Buffalo hump 13 (45)

Psychiatric disorders 11 (38)

Osteopenia or osteoporosis 9 (31)

Acne 7 (24)

Hyperpigmentation 7 (24)

Insomnia 6 (21)

Impaired cognition or memory 5 (17)

Violaceous striae 4 (14)

Menstrual irregularities or amenorrhea 2 (7)

Libido 2 (7)

Fractures 2 (7)

Complications N (%)

Uncontrolled diabetes 17 (59)

Severe or opportunistic infections 12 (41)

Severe hypertension 5 (17)

Thrombosis or pulmonary embolism 4 (14)

Psychosis 4 (14)
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NET). Data on the CRH stimulation test were available for 14 patients: 13 exhibited no 
cortisol or ACTH response after CRH administration; however, the same patient with a 
lung NET that showed cortisol suppression after HDSST also demonstrated after human 
CRH administration a 14 and 23% cortisol rise at 30 and 45 min respectively.

Eight patients underwent BIPSS, none of them showed a central-to-peripheral ACTH 
gradient.

In most patients, EAS was identified synchronously within 3 months before or after the 
thoracic or GEP-NET diagnosis (n=23). Metachronous EAS was only seen in few patients 
(n=4). In two patients, cortisol levels fluctuated markedly during follow-up (repeated 
episodes of hypercortisolism intermediated by phases of normal cortisol secretion), 
indicating cyclical EAS.

These two patients with cyclical EAS were diagnosed with a histologically proven 
thymic NET and pancreatic NET respectively.

Radiological investigation
A variety of imaging modalities was used over time to localize ACTH-producing thoracic 
or GEP-NET, as different imaging techniques became available. In total, 27 EAS patients 
underwent chest radiography, which revealed the presence of the primary thoracic 
tumor in six patients and metastases in only two out of eight patients with lung me-
tastases. In total, 25 EAS patients underwent computed tomography (CT) imaging of 
the chest, which identified 13 with primary thoracic NETs, and 28 EAS patients had CT 
imaging of the abdomen, which identified eight of 12 GEP-NETs. Five EAS patients, who 
underwent CT imaging of the abdomen, additionally underwent MRI of the abdomen, 
and this revealed one with more primary pancreatic NET and other patient with metas-
tases of the liver.

Octreotide scanning (111In-pentetreotide scintigraphy) was performed in all 29 EAS 
patients, 20 had positive octreotide scintigraphy. In total, four of these 20 patients had 
an octreoscan that did not reveal the primary tumor but did reveal the presence of me-
tastases (lymph nodes and liver). Two patients had an 123I-MIBG scan that did not reveal 
the primary in either but did reveal the presence of metastases (liver) in one patient. 
Positron emission tomography (PET), a relatively new, non-invasive technique, was 
performed in six EAS patients. One of these six patients, with a G3 lung NET, underwent 
[18F]-fluorodeoxyglucose PET which provided just limited information on lymphnode 
metastases. Additional 68Ga-DOTA-TOC imaging in this patient revealed metastases of 
liver and bones. 18F-DOPA scan performed in three patients revealed the presence of 
already known liver metastases in one patient. In another patient, both 18F-DOPA and 
11C-5-HTP–PET scans were performed and were negative. 11C-5-HTP–PET imaging was 
able to identify the primary thymic NET in one of our patients.



Chapter 7

114

Management of EAS

Medical treatment
A total of 23 patients with EAS received medical treatment which consisted of the 
glucocorticoid receptor antagonist mifepristone, adrenolytic agents such as keto-
conazole and etomidate, or ACTH inhibitory agents like somatostatin analogs (SSAs). 
Mifepristone, ketoconazole, and SSAs were used alone in five, three, and five patients 
respectively. Other patients received up to three drugs simultaneously or sequentially. 
Medication was discontinued or changed because of side effects (n=4) or inadequate 
inhibition (n=12). All patients (n=18), except two, had persistent hypercortisolism un-
der treatment with ketoconazole or deteriorated under mifepristone treatment, and 
15 of these patients underwent bilateral adrenalectomy. Of the two patients in whom 
clinical symptoms improved under treatment with mifepristone, one underwent sur-
gery of the primary tumor, whereas the other patient ultimately underwent a bilateral 
adrenalectomy.

Surgical treatment
Curative resection or debulking of the primary tumor and its metastases was per-
formed in 16 patients with EAS. Overall, seven patients had a curative resection and 
were cured of EAS; however, two of these patients previously underwent a bilateral 
adrenalectomy to control their hypercortisolism. In the other nine patients, surgery 
was not curative, and the EAS was controlled by bilateral adrenalectomy. In total, 22 
out of 29 patients underwent a bilateral adrenalectomy to control the hypercortisolism 
caused by EAS.

Adjunctive therapy of the thoracic and GEP-NET 
Seven patients were treated with peptide receptor radiotherapy, six patients (three 
pancreatic NET, two unknown primary NETs, and one thymic NET) were treated with a 
median dose of 177Lu-octreotate of 29.0 GBq (range: 14.8–44.9 GBq) divided over two to 
six therapy cycles, and one patient with an appendix NET was treated with a total dose 
of 111In-pentetreotide of 58.6 GBq divided over eight therapy cycles. In two patients, 
177Lu-octreotate was used as an adjuvant treatment to surgery, which resulted in two 
complete responses (23.4 and 34.4 months still ongoing at the end of this study). Other 
best responses of 177Lu-octreotate were two partial responses (25.1 and 57.1 months) 
and two stable disease responses (32.5 and 6 months). Information regarding the re-
sponse and duration of response of the patient treated with 111In-pentetreotide therapy 
was not available.

Three patients with thymic NETs received external radiotherapy to the mediastinum. 
In three GEP-NET patients, radiotherapy was directed to the bone metastases for pain 
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control. Other adjunctive treatments were cytotoxic chemotherapy (10.3%) and evero-
limus (6.9%).

Pathological findings
Of the 29 EAS thoracic and GEP-NET patients, 16 patients had a histopathological 
established diagnosis at Erasmus MC, Rotterdam, with the exception of seven patients 
who had a histopathological diagnosis before referral. Our pathology department 
reviewed all tumor tissues, obtained from the referring hospitals, in order to confirm 
the diagnosis. Furthermore, ACTH immunohistochemistry was positive in 13 out of 18 
patients.

Prognosis and survival
At the last time point of follow-up, 15 of 29 (52%) EAS NET patients and 547 of 889 (62%) 
non-EAS thoracic and GEP-NET patients were still alive. In the EAS NET group, patients 
died of complications due to progression of the tumor itself (n=8) or as a consequence 
of previous excessive cortisol secretion (opportunistic infections (n=2), cardiac failure 
(n=2), and pulmonary embolism (n=1)); in one patient, the cause of death remained un-
known. From this total of 14 deaths in the EAS NET group, two patients did not undergo 
bilateral adrenalectomy (one patient was in poor clinical condition and died within 2 
months; the other patient refused and died after 12 months), nine patients had an early 
bilateral adrenalectomy (within 1 month after diagnosis of EAS), and three patients had 
a late bilateral adrenalectomy (after more than 4 months). Median survival of patients af-
ter early bilateral adrenalectomy was 6.2 months (range: 5.0–20.9 months), and median 
survival of patients after late bilateral adrenalectomy was 5.2 months (range: 2.2–20.9 
months).

Median OS of the non-EAS patients was 61.2 months (range: 0.6–249.4), whereas me-
dian OS of the EAS patients was 41.4 months (range: 2.2–250.9). The OS in the patients 
with EAS was not significantly shorter (P=0.151) than in the group with non-EAS pa-
tients when compared for the complete duration of follow-up. However, the first 5-year 
survival of the EAS patients was significantly shorter (P=0.013) than in the group with 
non-EAS patients (Figure 1).

Survival according to Tumor Grade (Figure 2) and ENETS Tumor Stage (Figure 3) com-
pared in patients with and without EAS showed no significant differences.
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Figure 1. Overall survival and 5-year survival of EAS (n=29) vs. non-EAS thoracic and GEP-NET patients (n=889).

Figure 2. Survival curves by Tumor Grade (EAS vs. non-EAS patients). 

Grade 1 EAS (n=4) vs. Grade 1 non-EAS (n=236), P=0.664; Grade 2 EAS (n=14) vs. Grade 2 non-EAS (n=226), P=0.147; 
and Grade 3 EAS (n=3) vs. non-EAS (n=40), P=0.502. 
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disCussiON

We have evaluated the prevalence of EAS in a large cohort of patients with thoracic and 
GEP-NETs, who were followed in a single, academic, and tertiary referral center. In our 
retrospective study, we found that, within a period of 20 years (1993–2012), 918 new 
patients with thoracic and GEP-NETs included 29 patients (3.2%) with proven EAS.

In addition, we present the clinical, endocrine, and radiological features; manage-
ment; and treatment outcome of our cohort of 29 thoracic and GEP-NET patients with 
EAS evaluated and treated within a single center.

In line with literature, thoracic NETs (lung/bronchus and thymic) were the most 
common tumors with ectopic ACTH production (44.8%) in our study, followed by non-
functioning pancreatic NETs (31%). Furthermore, EAS occurred only in one patient with 
an appendix NET in accordance with Ilias et al., which may explain why EAS is not a 
major concern in NETs originating from the midgut1, 2, 7.

Comparisons were made between thoracic and GEP-NET patients with and without 
EAS which showed highly signifi cant diff erences regarding various clinicopathological 
parameters. The lower median age at diagnosis of EAS patients is presumably explained 
by an earlier onset of symptoms due to the EAS. This probably also clarifi es why Stage 

Figure 3. Survival curves by ENETS Tumor Stage Grade 3  (EAS vs. non-EAS patients). 

Stage I–IIIA EAS (n=4) vs. Stage I-IIIA non-EAS (n=73), P=0.381; Stage IIIB EAS (n=7) vs. Stage IIIB non-EAS (n=83), 
P=0.182; and Stage IV EAS (n=18) vs. Stage IV non-EAS (n=733), P=0.064. 
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IIIB tumors, without distant metastases, are more frequently seen in the EAS group. The 
differences in localization between the distant metastases, lung for the EAS group and 
liver for the non-EAS group, are in line with the primary tumor site.

This series of 29 patients illustrates the broad clinical spectrum of EAS that can present 
with a variable clinical phenotype as can be inferred from the prevalence of signs and 
symptoms2, 7, 20.

In our cohort, all patients had disturbed first-line screenings tests for hypercortisolism. 
Although dynamic testing with CRH test and HDDST performed reasonably well, only 
BIPSS resulted in a sensitivity and specificity of 100% to differentiate between EAS and 
central ACTH overproduction.

CT or MRI of thorax and abdomen and octreoscan revealed the primary EAS lesion 
in most patients. Thoracic NETs were best detected by CT imaging of the chest (100%) 
and GEP-NETs by CT or MRI of the abdomen (75%). These results are in line with previ-
ously published studies that localized the primary tumor in 70–90% of the ectopic ACTH 
cases2, 7. The octreoscan was positive in 69% of patients and showed no superiority over 
CT or MRI in detecting more lesions. NETs express somatostatin receptors (SSTs), in par-
ticular subtype 2, and can be identified with SSTs scintigraphy with 111In-pentetreotide 
octreoscan. In EAS patients, reported sensitivity of the diagnostic octreoscan varies 
between 25 and 80%, and this broad range may in part be explained by differences in 
imaging technique protocols2, 7, 21, 22.

Furthermore, we found five patients with negative ACTH immunohistochemistry in 
our series (lung=2 and pancreatic NET=3). This is in line with Isidori et al.7, they state 
that, in all patients, diagnosis was further confirmed by positive ACTH immunoreactiv-
ity (n=15) and/or complete/partial resolution of the hypercortisolemia after tumor 
removal/ debulking (n=19). They also found negative ACTH immunohistochemistry in 
several (lung) NET patients7. Another possible explanation could be bad fixation during 
immunohistochemistry in combination with the revision of relatively old tumor tissue 
samples.

Management of patients with ACTH-producing thoracic and GEP-NETs was aimed at 
control of cortisol excess, preferably also paralleled by tumor stabilization or reduction, 
resulting in prolongation of survival. Optimal primary treatment of EAS with surgical re-
section of the primary tumor and its metastases was possible in 24% of our EAS patients. 
Second-line treatment to control cortisol excess included bilateral adrenalectomy, 
medical therapy, and radiotherapy1, 2, 6, 7, 23, 24. Ultimately, most of our patients underwent 
bilateral adrenalectomy to control hypercortisolism.

Two large historical case record studies evaluated survival of EAS in NETs and other 
tumors. In the study by Ilias et al.2, a cumulative survival of approximately 85% in pul-
monary NET patients at 5 years was shown. In the study by Isidori et al.7, cumulative 
survival of NET at 5 years without distant metastases was about 80% and with distant 
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metastases (Stage IV) 60%. OS in our cohort of 29 EAS patients (62% Stage IV) was 65% 
at 5 years and for non-EAS patients (82.5% Stage IV) 75% at 5 years. We conclude that, in 
our cohort, OS of patients with EAS was not significantly shorter than OS of non-EAS pa-
tients when compared for the complete duration of follow-up. However, the first 5-year 
survival of EAS patients was significantly shorter than the first 5-year survival of non-EAS 
patients. This difference could be explained by the proportion of ‘cured’ patients in the 
EAS group, in which survival is probably no longer largely determined by the EAS or the 
thoracic or GEP-NET. Literature shows that the overall prognosis of EAS patients is mainly 
determined by the Tumor Grade and Stage at the time of diagnosis2. In our study, eight 
EAS patients died of complications due to progression of the tumor itself, whereas five 
patients died due to complications of excessive cortisol secretion. Chronic hypercorti-
solism can induce multisystem morbidities and serious complications25. Cardiovascular 
risk factors (e.g. uncontrolled diabetes, severe hypertension, and obesity), immunosup-
pressive effects increasing the risk of opportunistic infections and sepsis, and venous 
thromboembolism occurred frequently in our patient cohort.

Although we report the prevalence of EAS in a very large cohort of patients with tho-
racic and GEP-NETs, our study has a minor limitation, since not all patients with thoracic 
and GEP-NETs were screened for hypercortisolism and EAS. Therefore, hypothetically 
patients with mild EAS might not have been diagnosed. However, EAS is usually symp-
tomatic and associated with severe hypercortisolism.

In this retrospective study, we conclude that, within a period of 20 years (1993–2012), 
the prevalence of EAS in a large cohort of patients with sporadic thoracic and GEP-NETs 
was 3.2%. The first 5-year survival was shorter in patients with EAS compared with non-
EAS patients. Our and other studies show that EAS in patients with thoracic and GEP-
NETs is associated with serious morbidity and a high mortality risk. Therefore, aggressive 
treatment of hypercortisolism with (combination) medical therapy or rescue bilateral 
adrenalectomy is an essential part of patient management.
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abstraCt

Although 177Lu-octreotate is an effective treatment for patients with gastroenteropan-
creatic neuroendocrine tumors (GEP-NETs), some patients will fail or develop disease 
progression necessitating further treatment. We examined whether the safety and 
efficacy of everolimus after prior treatment with 177Lu-octreotate is different from the 
published safety profile of everolimus in GEP-NETs. In this multicenter study, 24 GEP-
NET patients were included. Adverse events were assessed according to the National 
Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), version 3.0. 
Tumor response was measured according to the Response Evaluation Criteria in Solid 
Tumors (RECIST), version 1.0. Major clinical adverse events (grade 3 or 4) during treat-
ment with everolimus were hyperglycemia (20.8%), fatigue (8.3%), thrombocytopenia 
(8.3%), and elevated alanine transaminase levels (8.3%). By radiological review, there 
were four partial responses (16.7%), fifteen patients (62.5%) with stable disease, and 
three patients (12.5%) with progressive disease. For two patients (8.3%), no data on 
tumor response were available. Median progression-free survival (PFS) was 13.1 months 
(95% CI, 11.5–21.2). Median PFS of the current study was longer when compared with 
the RADIANT-3 trial (13.1 vs. 11.4 months) and shorter when compared with the RADI-
ANT-1 trial (13.1 vs. 16.7 months). In conclusion, the safety profile of everolimus is not 
influenced by previous treatment with peptide receptor radiotherapy.



125

8

Everolimus in post-177Lu-tate NET patients

iNtrOduCtiON

Neuroendocrine tumors (NETs) form a heterogeneous group of relatively rare neo-
plasms that originate from different types of neuroendocrine cells1. The incidence 
and prevalence of gastroenteropancreatic NETs (GEP-NETs) have shown a remarkable 
increase over the past three decades. The United States Surveillance Epidemiology and 
End Results (SEER) database and several other European databases currently estimate 
the GEP-NET incidence at between 2.5 and 6.2 cases/100,000 population2. Whether this 
is a true increase in incidence, the result of an increased use of imaging techniques, or a 
combination of the two has not been established yet.

Despite the constantly increasing incidence and prevalence of GEP-NETs, treat-
ment options remain limited. Clinical symptomatology in patients with functioning 
well-differentiated GEP-NETs has already been successfully treated with somatostatin 
analogs for more than 25 years. Furthermore, in patients with metastatic NETs of the 
small intestinal tract, treatment with octreotide long-acting repeatable (LAR) im 30 
mg/month resulted in an increase in time to progression from 6 to 16.3 months when 
compared with placebo3.

However, upon progression, peptide receptor radionuclide therapy (PRRT) with radio-
labeled somatostatin analogs has been shown to be effective regarding tumor control4. 
Although 177Lu-octreotate is being increasingly used, there are limitations to its use and 
some patients who initially responded may became refractory after a certain number of 
treatment cycles necessitating further treatment.

Everolimus, an mTOR inhibitor, has been shown to be a promising anti-tumor agent for 
patients with well-differentiated (WHO Grades 1 and 2) GEP-NETs with progressive disease 
(PD), with a well-established safety profile5-8. In the randomized phase III RADIANT-3 study, 
everolimus therapy was associated with a 2.4-fold improvement in median progression-
free survival (PFS) in patients with progressive pancreatic NETs compared with placebo. 
Median PFS was 11 months in the everolimus arm compared with 4.6 months in the 
placebo arm (HR, 0.35; 95% CI, 0.27–0.45; log-rank test, P<0.0001)8.

In another randomized phase III RADIANT-2 study in advanced mainly gastrointestinal 
(GI) NETs associated with carcinoid syndrome, it was demonstrated that everolimus plus 
octreotide LAR provided clinically meaningful 5.1-month improvement in PFS, which 
was not statistically significant, when compared to patients receiving placebo plus 
octreotide LAR5.

However, there are currently no data regarding the toxicity and efficacy of everolimus 
after prior treatment with 177Lu-octreotate radionuclide therapy. The aim of this study 
was to investigate whether the safety and efficacy profile of everolimus in patients who 
have progressed after 177Lu-octreotate radionuclide therapy is different from the already 
known profile.
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subjeCts aNd metHOds

Patients
All patients with well-differentiated or moderately differentiated (G1-G2) GEP-NETs that 
received any dose (10 or 5 mg) of everolimus at least once immediately after documented 
progression following 177Lu-octreotate therapy were included in this multicenter study. 
We retrospectively studied 24 patients with GEP-NETs, treated in three institutions in the 
Netherlands, Brazil, and Greece between 2010 and 2012. We retrospectively screened 30 
patients for inclusion in this study. Patients were eligible to be included in the study if 
they had a G1-G2 GEP-NETs, a WHO performance status of 2 or less, hemoglobin levels of 
≥8.9 g/dl, and a creatinine clearance above 50ml/min at baseline. Other prior antitumor 
therapies were not considered to be exclusion criteria. Six patients were excluded from 
this study: one patient had a primary lung NET, two patients had a WHO performance 
status of 3, two patients had a hemoglobin of ≥8.9 g/dl, and one patient whose follow-
up data were missing.

According to the grading system proposed by the European Neuroendocrine Tumor 
Society (ENETS) – WHO, G1 (Ki-67 ≤2%) and G2 (Ki-67 2–20%) tumors are regarded as 
well- and moderately differentiated tumors9, 10. At baseline, all patients had radiological 
documentation of PD according to Response Evaluation Criteria in Solid Tumors (RE-
CIST), version 1.011.

All patients had given informed consent to participate in the 177Lu-octreotate therapy 
series. Furthermore, the study was conducted in accordance with Good Clinical Practice 
principles and applicable local regulations.

Safety and efficacy assessments
The primary endpoint of this study was the retrospective evaluation of the safety 
profile of everolimus in patients previously treated with 177Lu-octreotate radionuclide 
therapy. Patients were historically assessed for safety parameters at baseline, including 
previously reported adverse events during 177Lu-octreotate radionuclide therapy and 
specific laboratory values. Baseline was defined as last documented parameters prior to 
initiation of everolimus (10 or 5 mg) therapy. All patients were seen in clinical settings at 
40-day intervals with laboratory tests (including biomarkers), physical examination, and 
toxicity assessment. Tumor measurements (assessed by computed tomography (CT) 
and/or magnetic resonance imaging (MRI)) were performed at baseline and every 120 
days unless there were any new symptoms. Chest imaging (chest X-ray or chest CT) was 
performed to document or exclude interstitial lung disease in all centers. These follow-
up intervals (1–3 months) were taken into consideration retrospectively as documented 
by each individual institution. Follow-up intervals were similar to the intervals in the 
RADIANT-3 study8.
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Adverse events were assessed according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events (CTCAE), version 3.0 (http://ctep. cancer.gov/
protocolDevelopment/electronic_applications/docs/ctcaev3.pdf ). Doses of everolimus 
were reduced and/or dose intervals were increased (5 mg daily or 5 mg every other 
day) when patients had clinically significant adverse events that were considered to be 
related to the treatment with everolimus. Treatment continued until the development of 
an unacceptable adverse event, PD, or death.

Secondary endpoints included PFS, objective response rate, duration of response, 
symptom control, and tumor marker control. All patients were assessed for efficacy ac-
cording to RECIST, version 1.011. PFS was documented according to RECIST, version 1.0 
and defined as the time from initiation of everolimus therapy to the first radiological 
documentation of PD or death from any cause.

Statistical analyses
PFS was analyzed using Kaplan–Meier methods. Calculations were performed using 
Statistical Package for Social Sciences (SPSS) software, V.20.0.

resuLts

Patients and treatment
Between September 2010 and July 2012, a total of 24 NET patients – 13 men and 11 
women – from three centers in three countries were initiated on everolimus after tumor 
progression following 177Lu-octreotate radionuclide therapy. The median interval be-
tween last 177Lu-octreotate therapy and start of everolimus treatment was 18.7 months 
(range 2.9–47.6 months). The demographic and baseline clinical characteristics of the 24 
patients are listed in Table 1. Patients had a median age of 60.0 years (range 32.2–65.9 
years) at start of treatment with everolimus. The median interval between the initial 
diagnosis of the NET and the initiation of everolimus therapy was 64.2 months (range 
9.9–273.5 months). The median follow-up of the study population was 11.0 months 
(range 1.9–28.9 months). Pancreatic NETs (75%) were the most common primary tumors 
when compared with NETs arising in the digestive tract (25%). Metastases were dem-
onstrated in 23 patients (95.8%), main localizations were liver (91.7%) and lymph nodes 
(50%). The majority of patients (95.8%) included in our study were diagnosed with ENETS 
Stage IV disease9, 10. Information on Tumor Grading was available for 21 patients (87.5%): 
7 (29.2%) were well-differentiated (G1) and 14 (58.3%) were moderately differentiated 
(G2).

Information regarding previous treatment regimens and interventions, responses and 
duration of responses is listed in Tables 2 and 3. Patients were treated with a median 
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Table 1. Demographic and baseline clinical characteristics of 24 patients with GEP-NETs treated with everolimus 
after 177Lu-DOTA0-Tyr3-octreotate therapy failure. 

Characteristics N Percentage (%)

Total 24 100

Gender

Male 13 54.2

Female 11 45.8

Age (years)

< 50 8 33.3

50-69 14 58.3

> 70 2 8.4

Race

Caucasian 23 95.8

Asian 1 4.2

WHO performance status

0 5 20.8

1 17 70.8

2 2 8.4

Primary localization

Pancreas 18 75.0

Non-functioning 16 66.6

Glucagonoma 1 4.2

VIPoma 1 4.2

Duodenum 1 4.2

Small intestine 2 8.4

Colon 1 4.2

Rectum 1  4.2

CUP 1 4.2

Metastases localization

Liver 22 91.7

Bone 7 29.2

Lymph node 12 50.0

Tumor Grade

Well-differentiated 7 29.2

Moderately differentiated 14 58.3

Unknown 3 12.5

ENETS Stage

IIB 1 4.2

IV 23 95.8
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dose of 177Lu-octreotate of 37.0 GBq (range 7.4–60.1 GBq) divided over one to eight 
therapy cycles. Other previous treatments and interventions were surgery (45.8%), cyto-
toxic chemotherapy (33.3%), and somatostatin analogs (58.3%). All 14 patients receiving 
somatostatin analogs (58.3%) continued treatment during treatment with everolimus in 
our study.

Twenty-two patients started with a daily dose of 10 mg everolimus and two patients 
started with a daily dose of 5 mg. Dose adjustments were required in 16.7% of the patients 
(two temporary reduction to 5 mg (8.3%) and two definite reductions to 5 mg (8.3%)). 

Table 2. Previous treatments: multicenter (n=24).

Previous Treatments N %

Total 24 100
177Lu-octreotate (GBq) 24 100

0-10 1 4.2

10-20 3 12.5

20-30 4 16.7

30-40 2 8.3

40-50 6 25.0

50-60 2 8.3

60-70 1 4.2

not available 5 20.8

Median administered dose in GBq (range) 37.0 (7.4-60.1)

Chemotherapy 8 33.3

Xelox 3 12.5

Interferon-α 1 4.2

5-FU-STZ 1 4.2

Cisplatin-Etoposide 1 4.2

Bevacizumab 1 4.2

Cisplatin-Etoposide + Cisplatin-Irinotecan + VAC 1 4.2

Surgery 11 45.8

Major (curative intent) 6 25.0

Palliative 5 20.8

Somatostatin analog use 14 58.3

Octreotide LAR 20mg/4wk 4 16.7

Octreotide LAR 30mg/4wk* 9 37.5

Short-acting octreotide 1 4.2

Xelox, capecitabine plus oxaliplatin; 5-FU-STZ, 5-fluorouracil–streptozotocin; VAC, vincristine–adriamycin–cyclophos-
phamide; LAR, long-acting repeatable.  *One patient used a combination of octreotide LAR 30 mg/4 weeks and short-
acting octreotide. 
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Temporary interruptions were required in 29.2% of the patients. The median cumulative 
time of treatment with everolimus was 10.2 months (range 0.6–25.4 months). At the 
time the analysis was performed, treatment was ongoing for 45.8% of the patients. The 
primary reasons for discontinuation of treatment included radiological confirmed PD 
(29.2%), development of an unacceptable toxic adverse event (16.7%), and death (8.3%).

Safety
Most adverse events in the current study were grade 1 or 2. Table 4 shows the adverse 
events of everolimus and 177Lu-octreotate therapies in patients with metastatic well-
differentiated and moderately differentiated GEP-NETs compared with that reported 
in the RADIANT-3 trial8 and the Rotterdam 177Lu-octreotate trial12. The newly occurring 
adverse events after initiation of everolimus therapy in this study and those in patients 
treated with everolimus after failure of cytotoxic chemotherapy6 are also listed in Table 4.

Most common new clinical adverse events occurring after initiation of everolimus 
therapy in this study were oromucosal sequelae (41.7%), pneumonitis (37.5%), fatigue 
(33.3%), peripheral edema (25%), and rash (25%). Drug-induced pneumonitis was mainly 
a radiological finding (1–9 months after initiation of everolimus therapy) without clinical 
consequences and did not lead to interruption or discontinuation of everolimus therapy.

The most common grade 3 or 4 drug-related adverse events that occurred after initia-
tion of everolimus therapy were hyperglycemia (12.5%), fatigue (8.3%), thrombocytope-
nia (8.3%), and elevated alanine transaminase levels (8.3%).

Table 3. Response and duration of response in previous treatments (177Lu-octreotate and chemotherapy): mul-
ticenter (n=24). 

Total Best Response Duration of response

Patients PR SD PD NA Median Range

n % n % n % n % n % (months) (months)
177Lu-octreotate 

Cycles 1-4 24 100 8 33.3 14 58.3 1 4.2 1 4.2 25.9 0 – 98.8

Additional 177Lu-octreotate

Cycles 5, 5-6, 5-7* 11 45.8 0 0.0 10 41.7 1 4.2 0 0.0 26.5 0 – 45.4

Cycles 7-8 3 12.5 1 4.2 2 8.3 0 0.0 0 0.0 19.2 14.8 – 21.8

Chemotherapy

1 regimen 7 29.2 1 4.2 3 12.5 2 8.3 1 4.2 3.5 0 – 56

>1 prior regimen ** 1 4.2 0 0.0 1 4.2 0 0.0 0 0.0 NA NA

NA, not available. 

*Cycle 5 (n=1), cycles 5–6 (n=9), and cycles 5–7 (n=1). 

**Patients had already received one regimen of chemotherapy. 
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Table 4. Adverse events for everolimus and 177Lu-DOTA0-Tyr3-octreotate therapies in patients with metastatic 
well-differentiated or moderately differentiated GEP-NETs as reported in RADIANT-3 and 177Lu-DOTA0-Tyr3-oc-
treotate trials. This table includes the adverse events for everolimus after failure of cytotoxic chemotherapy and 
this study. 

Treatment

Everolimus 177Lu-octreotate
Everolimus post-

Chemo
Everolimus 

post 177Lu-octreotate

N = 207 N = 504 N = 115 N = 24

All 
Grades

Grade 
3/4 

All 
Grades

Grade 
3/4 

All 
Grades

Grade 
3/4 

All 
Grades

Grade
3/4 

Adverse event % % % % % % % %

Oral problems * 64 7 NR NR 45.2 4.3 41.7 4.2

Rash 49 <1 NR NR 40 0.9 25 4.2

Diarrhea 34 3 NR NR 39.1 3.5 4.2 4.2

Fatigue 31 2 NR NR 31.3 4.3 33.3 8.3

Infections ** 23 2 NR NR NR NR 8.3 0

Nausea 20 2 25 0 29.6 0.9 4.2 0

Peripheral edema 20 <1 NR NR 14.8 0 25 0

Decreased appetite 20 0 NR NR NR NR 4.2 0

Headache 19 0 NR NR 21.7 0 4.2 0

Dysgeusia 17 0 NR NR 10.4 0 16.7 0

Epistaxis 17 0 NR NR NR NR 16.7 4.2

Pulmonic *** 17 2 NR NR 6.1 0 37.5 0

Weight loss 16 0 NR NR 14.8 0 ID ID

Vomiting 15 0 10 0 17.4 0 4.2 0

Pruritus 15 0 NR NR 12.2 0 8.3 4.2

Asthenia 13 1 NR NR 14.8 5.2 4.2 0

Nail disorder 12 <1 NR NR NR NR 8.3 0

Cough 11 0 NR NR NR NR 12.5 0

Pyrexia 11 0 NR NR NR NR 12.5 0

Dry skin 10 0 NR NR 9.6 0 16.7 4.2

Abdominal pain NR NR 10 0 NR NR 0 0

Hormone crisis NR NR 1 1 NR NR NR NR

Hair loss NR NR 62 0 NR NR NR NR
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Effi  cacy
The median PFS in our study was 13.1 months (95% CI 11.5–21.2; Figure 1). Best objective 
response rates were a partial response (PR) in 16.7% of the patients and stable disease 
(SD) in 62.5% of the patients whereas 12.5% of the patients continued having PD.

Table 4. Adverse events for everolimus and 177Lu-DOTA0-Tyr3-octreotate therapies in patients with metastatic 
well-diff erentiated or moderately diff erentiated GEP-NETs as reported in RADIANT-3 and 177Lu-DOTA0-Tyr3-oc-
treotate trials. This table includes the adverse events for everolimus after failure of cytotoxic chemotherapy and 
this study.  (continued)

Treatment

Everolimus 177Lu-octreotate
Everolimus post-

Chemo
Everolimus 

post 177Lu-octreotate

N = 207 N = 504 N = 115 N = 24

All 
Grades

Grade 
3/4

All 
Grades

Grade 
3/4

All 
Grades

Grade 
3/4

All Grades
Baseline/

New

Grade 3/4
Baseline/

New

Laboratory event % % % % % % % %

Anemia 17 6 0.4 0.3 / 0.1 13 4.3
(B:45.8) 

20.9 (B:0) 0

Thrombocytopenia 13 4 2.7 1.9 / 0.8 7.8 2.6
(B:33.3) 

16.7 (B:0) 8.3

Leukopenia NR NR 1.5 1.4 / 0.1 7 4.3
(B:20.8) 

20.9 (B:0) 4.2

Myelodysplastic NR NR 0,8 0,8 NR NR NR NR

syndrome

Hyperglycemia 13 5 NR NR 13 4.3 (B:25) 25.0 (B:8.3) 12.5

Hypercholesterolemia NR  NR NR NR NR NR (B:4.2) 16.6 (B:0) 0

ALT  NR NR 1.0 0.6 NR NR
(B:41.7) 

12.5 (B:0) 8.3

AST  NR NR 1.0 0.6 NR NR
(B:45.8) 

25.0 (B:0) 4.2

Kidney failure  NR NR NR 0.4 NR NR (B:29.2) 8.3 (B:0) 4.2

NR, Not Recorded; ID, Insuffi  cient data, not routinely checked; (B:..) Baseline, before start everolimus; ALT alanine trans-
aminase; AST aspartate transaminase.

*  Included in this category are stomatitis, aphthous stomatitis, mouth ulceration and tongue ulceration.

** All types of infections are included.

*** Included in this category are pneumonitis, interstitial lung disease, lung infi ltrations and pulmonary fi brosis.
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disCussiON

In this retrospective study, we evaluated the safety and effi  cacy profi le of everolimus in 
well-diff erentiated or moderately diff erentiated (G1-G2) GEP-NET patients with docu-
mented disease progression after prior treatment with 177Lu-octreotate. The median 
interval between the last 177Lu-octreotate therapy and start of everolimus treatment was 
18.7 months. Even 12 months after the last cycle of 177Lu-octreotate, tumor responses 
can be observed (Kwekkeboom DJ, personal communication 2012). This international, 
multicenter study is, to our knowledge, the fi rst study in which the occurrence of Grades 
1–4 toxicities in patients treated with everolimus after peptide receptor radiotherapy 
was compared with the published safety profi le of everolimus in GEP-NETs. Our fi nd-
ings with respect to safety were consistent with the known safety profi le of everolimus 
established in earlier phase II and III studies, and most adverse events were either grade 
1 or 25-8. However, our results are not directly comparable with the results of prospective 
trials (RADIANT-trails) due to diff erent study designs.

The most common drug-related adverse events in our study were oromucosal 
sequelae, which generally resolved during treatment. Other common and frequent ad-
verse events were pulmonary (non-infectious pneumonitis and interstitial lung disease), 
fatigue, peripheral edema, and rash. Most adverse events were easily manageable, as 
evidenced by the low rate of discontinuation of treatment (16.7%).

We consider our patients to be a heavily pretreated group. The majority of our 
patients had received prior treatment with somatostatin analogs, chemotherapy, or a 
combination of those therapies. Somatostatin analog treatment was continued in all 
patients during treatment with everolimus in our study. All patients received treatment 

Figure 1. Progression-free survival: Kaplan-Meier curve, multicenter (n=24).
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with 177Lu-octreotate and it is commonly known that with this therapy high cumula-
tive dosages can cause serious side effects, including kidney failure, cytopenias, or 
myelodysplastic syndrome (MDS)4. With this knowledge, drug-related kidney failure was 
monitored in this study. However, data from the Rotterdam 177Lu-octreotate trial show 
that serious hematological toxicity, MDS, and liver toxicity are relatively rare and occur 
in approximately 1% of the patients12, 13. Everolimus therapy can be associated with mild 
lymphopenia and neutropenia. In the current study, no MDS was reported, only two 
patients had a grades 1 and 2 infection and no grade 3 or 4 drug-related infections were 
reported. Grade 3 or 4 drug-related kidney failure and elevated transaminases occurred 
in 4.2% of the patients. The kidney failure can be most probably explained by the com-
bined effect of the two therapies. Therefore, we can conclude that everolimus is well 
tolerated with regard to bone marrow function if PRRT has not lead to ongoing bone 
marrow suppression.

PFS results of this study are similar to the prolonged PFS that was reported in earlier 
phase II and III randomized trials, which included patients with advanced pancreatic 
NETs and gastrointestinal NETs5-8. In the initial open-label phase II study conducted at 
The MD Anderson Cancer Center (Houston, TX, USA), octreotide LAR (30 mg im) with 
everolimus (5 or 10 mg), a median PFS of 11.6 months (95% CI 7.1–16.1), was found7. In 
another open-label phase II study (RADIANT-1), patients were treated with everolimus in 
one arm vs. a combination of everolimus and octreotide LAR im in the other arm. Median 
PFS in the everolimus arm was 9.7 and 16.7 months in the everolimus plus octreotide 
LAR arm6. In another randomized phase III RADIANT-2 study in advanced NETs associ-
ated with carcinoid syndrome, it was demonstrated that everolimus plus octreotide LAR 
provided a clinically meaningful 5.1-month improvement in PFS in this patient popula-
tion when compared with patients receiving placebo plus octreotide LAR5. The largest 
clinical trial, RADIANT-3, was a double-blind, placebo-controlled, randomized phase III 
study. In this study, everolimus therapy was associated with a 2.4-fold improvement in 
median PFS when compared with placebo (11.4 vs. 4.6 months)8.

The median PFS of our current study was longer when compared with the RADIANT-3 
trial (13.1 vs. 11.4 months) and shorter when compared with the RADIANT-1 trial (13.1 vs. 
16.7 months). In the majority of patients (62.5%), SD was the best response, and PR was 
observed in 16.7% of patients. These results are similar to the response rates in the RADI-
ANT-3 study. In this study, SD was achieved in 73% of patients8. Also in line with the RA-
DIANT trials, a proportion of our patients (58%) was treated with somatostatin analogs. 
A potential bias with respect to the ongoing use of somatostatin analogs can, therefore, 
not be excluded. Together, the results support the clinical relevance and tolerability 
of everolimus in pancreatic NET and potentially in gastrointestinal NETs. Multicenter 
international trial with everolimus is still ongoing in patients with non-pancreatic NETs.



135

8

Everolimus in post-177Lu-tate NET patients

In conclusion, our results for pancreatic NET demonstrate that everolimus is an impor-
tant and safe new drug option, including for those patients who show tumor progres-
sion after 177Lu-octreotate radionuclide therapy.
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abstraCt

Objective: Alternating treatment with sunitinib and everolimus has shown to be effica-
cious in renal cell carcinoma. However, no data exist for the role of alternate sequence 
administration of these molecules in well- and moderate-differentiated pancreatic 
neuroendocrine tumors (NETs). 

Methods: Thirty-one patients were administered one compound and upon progression 
were changed to the other. All patients had Grade 1 or 2 tumors and Stage IV disease 
with similar metastatic pattern. The primary endpoint of the study was to calculate the 
progression-free survival (PFS), estimate overall survival (OS) and the development of 
adverse events (AEs). 

Results: Median PFS after first-line everolimus was longer (16.3 months) compared 
to sunitinib (9 months) but not statistically significant (P=0.15). Upon progression, se-
quential second-line treatment with both agents showed no difference in the PFS (15.5 
months for everolimus vs. 10.3 months for sunitinib, P=0.3). The order of the sequential 
treatment did not influence the overall median PFS HR=0.94 (95% CI: 0.45-1.97). No 
difference in OS between the two groups was observed. Discontinuation of treatment 
because of serious adverse events was less frequent with everolimus either as a first- or 
second-line treatment compared to sunitinib. 

Conclusions: Treatment with sequential MT agents resulted in a clinical benefit regard-
ing PFS although not statistical significant. Everolimus seemed to exert a longer PFS 
either as first- or second-line treatment compared to sunitinib, albeit without statistical 
significance. Larger prospective studies are required to investigate the efficacy of alter-
nate sequence therapy with molecular targeting agents in metastatic pancreatic NETs.
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iNtrOduCtiON

Digestive neuroendocrine tumors (NETs) arise from neuroendocrine cells of the pancreas 
(pancreatic NETs) and the gastrointestinal tract1. Although pancreatic NETs represent 
approximately 1.3% of all cases of pancreatic cancer their incidence and prevalence 
are increasing1, 2. Approximately 90% of pancreatic NETs are non-functional and are 
frequently diagnosed at a late stage. Indeed, patients presenting with unresectable or 
metastatic disease exhibit a worse prognosis with a median overall survival (OS) of 17 
months compared to those diagnosed at earlier stages that exert a median OS of 100 
months3. However, during the last years the median survival of patients with metastatic 
pancreatic NETs has improved substantially, reaching 41.7 months following the intro-
duction of newer chemotherapeutic agents4.

Recently the findings of a number of phase II and III studies have also documented 
the efficacy of molecular targeted (MT) therapies in pancreatic NETs2, 5, 6. Everolimus that 
inhibits the mammalian target of rapamycin (mTOR), a serine–threonine kinase that 
stimulates cell growth, proliferation, and angiogenesis2, 5 has obtained a 65% reduc-
tion in the estimated risk for disease progression or death compared to placebo and a 
significant 6.4 month increase in the median progression-free survival (PFS) in advanced 
metastatic pancreatic NETs that had progressed despite previous treatment6.

Vascular endothelial growth factor (VEGF) receptors inhibitors are also an alternative 
therapy option for patients with metastatic pancreatic NETs7. Sunitinib, a potent multi-
targeted receptor of tyrosine kinase inhibitor with direct anti-tumor and anti-vascular 
effect, has been shown to selectively inhibit mutiple receptor tyrosine kinases (RTKs) 
that are implicated in tumour growth, neoangiogenesis and metastatic progression 
of cancer8, 9. A phase III trial evaluated sunitinib vs. placebo in patients with low- and 
intermediate-grade pancreatic NETs and found a statistically significant improvement in 
the PFS in the sunitinib arm (11.4 months vs. 5.5 months; P<0.001)7.

Recent position statements and guidelines, propose that everolimus could be used as 
a treatment option after failure of chemotherapy in pancreatic NETs10, 11. Furthermore, 
it could also be considered as first-line therapy in selected cases as an alternative treat-
ment to loco-regional therapies or chemotherapy10. Sunitinib should be considered as 
first-line therapy only in selected cases as an alternative treatment option if treatment 
with somatostatin analogues (SSAs), chemotherapy and/or loco-regional therapies is 
not feasible or promising10, 11. The efficacy of sunitinib appears to be similar regardless of 
the number of previous treatments or previous exposure to SSAs12.

These two agents are standard therapy for other types of cancer such as metastatic 
renal carcinoma13, 14. Current treatment guidelines for patients with metastatic renal cell 
cancer recommend a first-line challenge with a vascular epithelial growth factor (VEGF) 
inhibitor, including sunitinib, followed by everolimus at progression13, 14. Recent trials 
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have shown the non-inferiority of everolimus compared to sunitinib as first-line treat-
ment and support the standard treatment paradigm of first-line sunitinib followed by 
everolimus at progression15. 

In the present study we aim to investigate whether MT therapy with everolimus and 
sunitinib administrated sequentially in patients with advanced well-differentiated pan-
creatic NETs, that progressed following the administration of one of these agents, could 
be tolerated and affect disease progression and survival.

patieNts aNd metHOds

Patients
We studied 31 patients with advanced pancreatic NETs with Stage IV/IIIB disease at 
initial diagnosis according to Response Evaluation Criteria in Solid tumors (RECIST) 
criteria who had documented disease progression besides different prior therapeutic 
modalities (surgery, peptide receptor radiotherapy treatment (PPRT), chemotherapy, 
SSAs and temozolomide). All patients had Stage IV disease at the time of initiation of 
MT therapies, similar tumor load, in respect of the different organs involved and the 
number of metastases found in each organ, and similar grading as shown by the Ki-67 
proliferative index value. The study protocol was approved by the ethics committee of 
both participating centers, according to the 3rd edition of the guidelines on the practice 
of ethical committees in Medical Research. All patients gave informed consent accord-
ing to the Declaration of Helsinki and Good Clinical Practice guidelines. 

Study design and treatment
In this retrospective study, an analysis of institutional collected databases from two cen-
ters was performed. The study included consecutive patients with metastatic pancreatic 
NETs (Stage IV) resistant to prior therapeutic modalities who received a MT agent, evero-
limus (n=20) or sunitinib (n=11) as a first-line treatment followed by a second challenge 
by the other MT agent. Two patients had received no prior treatment, before the initia-
tion of MT therapy. Patients received each drug until documented disease progression 
according to RECIST criteria or development of unacceptable toxicity. The everolimus 
full dosage was 10 mg daily, and the sunitinib 37.5 mg daily. However, dose modifica-
tions were permitted in the presence of adverse events (AEs), so that everolimus could 
be decreased to 5 mg and sunitinib to 25 mg respectively.

Primary and secondary endpoints
The primary endpoint was to assess median PFS in months and rate during different 
periods of the treatment with each agent. Median PFS period was assessed in both 
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groups after the first-line treatment (defined as the interval from the beginning to the 
discontinuation of the first-line treatment because of disease progression or toxicity) 
and the second-line treatment (defined as the interval from the beginning to the dis-
continuation of the second-line treatment because of disease progression, toxicity or 
death). All median PFS estimations were expressed in months. Secondary endpoints 
included the calculation of the OS defined as the time from the beginning of the MT 
therapy to death. Hazard ratios (HR) were also calculated for the PFS and OS as well as 
for the order of the sequencing of the treatment. Incidence of progressive disease (PD) 
and AEs were also studied. AEs were classified as grade 1 (mild and transient effect), 
grade 2 (moderate), grade 3 (severe necessitating medical intervention) and grade 4 
(potentionally life theratening necessitating hospitalisation and medical intervention). 
Discontinuation of the treatment was decided when the AEs were grade III or IV and 
dosage modifications for grade I or II.

Statistical analysis
Statistical analysis was performed using Stata 10 (StataCorp. 2007. Stata Statistical Soft-
ware: Release 10. College Station, TX: StataCorp LP). The survival analysis was performed 
using Kaplan-Meier methods and the results were compared using the log-rank test. Cox 
proportional hazard models (HR) with 95% confidence intervals (CI) were applied adapt-
ed for confounding factors such as age and gender. Results were considered significant 
at P<0.05 (95% CI). The distribution of continuous variabes is reported as median values 
or mean ± standard deviation (SD). Recurrent events analysis was performed using the 
Andersern and Gill Cox regression model16.

resuLts

Patient population
Thirty-one patients (8 female, mean age 52.3±12 years) were recruited from two Euro-
pean Centers (Department of Pathophysiology, Sector of Endocrinology, Laiko hospital, 
University of Athens, Greece and Department of Internal Medicine, Sector of Endocrinol-
ogy, Erasmus MC, Rotterdam, the Netherlands). Twenty-three patients had Stage IV and 
four patients had Stage IIIB disease at initial diagnosis; however, at the initiation of MT 
therapy all patients had Stage IV disease. Nineteen (61%) patients had Grade 2 and 8 
(26%) had Grade 1 tumors (in the remaining 4, the Grade was unknown). Twenty patients 
received first-line everolimus followed by sunitinib, and 11 were assigned to first-line 
sunitinib followed by everolimus. The most frequent previous therapeutic modalities 
included SSAs (in 58% cases), PPRT (in 58% cases), surgical ablation (in 55% cases) and 
chemotherapy (in 26% cases) (Table 1).
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Sixteen patients (52%) had a functional pancreatic NET. Tumor load was similar in all 
patients. The median Ki-67 index was 5% in both groups (mean values = 6.0±3.5 for 
everolimus to sunitinib group vs. 5.0±3.9 for the sunitinib to everolimus group, P=0.33). 
All 20 patients from the group that received first-line everolimus had liver metastases, 
in 13 of whom (65%) were multiple (>5), 4 had also bone metastases and 2 pulmonary 
metastases. All 11 patients from the first-line sunitinib group had liver metastases, in 
7 of whom (63%) were multiple (>5), one had also bone metastases, one peritoneal 
metastases and another one pulmonary metastases.

Table 1. Characteristics and comparison of the studied groups (sunitinib to everolimus group vs. everolimus to 
sunitinib group).

Characteristics Sunitinib -> Everolimus Everolimus ->Sunitinib P

N 11 20

Age (median, years) 51.5 57.9

Sex (m) 9 (81%) 14 (80%)

Stage all Stage IV all Stage IV

Grade 

1 4 (36%) 4 (25%)

2 6 (55%) 13 (65%)

Unknown 1 (1%) 3 (15%)

Ki-67, mean±SD (median) 5.0 ± 3.9 (5) 6.0 ± 3.5 (5) 0.33

Familiar 1 (MEN1) 3 (all MEN1)

Functional status 3 (27%) 13 (65%)

Previous treatment

Surgery 7 (63%) 11 (55%)

Chemotherapy 4 (36%) 4 (25%)

PRRT 4 (36%) 14 (70%)

SSAs 8 (72%) 13 (65%)

TACE 1 (9%) 2 (10%)

Radiofrequency 3 (27%) 1 (5%)

Follow up, mean±SD (median) 11.7 ± 11.8 (7.4) 14.32 ± 12.85 (10.4) 0.6

Median PFS for pancreatic NETs* 9 16.3 0.15

Median PFS for pancreatic NETs ** 15.5 10.4 0.3

Serious AEs (total) 5 (45%) 5 (25%) 0.6

Progression disease 7 (63%) after 1st line 18 (90%) after 1st line 0.3

6 (55%) after 2nd line  12 (60%) after 2nd line 

* After first-line treatment with everolimus or sunitinib (before the switch)
** After second-line treatment with everolimus or sunitinib
Αbbreviations: PPRT= peptide receptor radionuclide therapy , SSAs= somatostatin analogs, TACE=transarterial 
chemo-embolization, SD=standard deviation , PFS= progression-free survival, AEs=adverse events.
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Primary endpoint
Median PFS was longer although not statistical significant (P=0.15), in patients with 
pancreatic NETs treated with first-line everolimus (n=20, median PFS=16.3 months) 
compared to sunitinib (n=11, median PFS=9 months) with a HR of 1.98 (95% CI: 0.77-
5.14) for the sunitinib vs. the everolimus group (Figure 1). Median PFS for patients who 
received second-line treatment with everolimus (n=11, median PFS=15.5 months) was 
slightly longer but not statistical different (P=0.30) compared to that of patients with 
second-line sunitinib treatment (n=20, median PFS=10.3 months) with a HR of 1.66 (95% 
CI: 0.63-4.36) for the sunitinib vs. the everolimus group (Figure 2). The 2-year PFS rate 
during the first-line treatment with everolimus was 0.34 (95% CI: 0.14-0.55) and 0.17 
(95% CI: 0.01-0.51) with sunitinib. The 2-year PFS rate during the second-line treatment 
with everolimus was 0.27 (95% CI: 0.04-0.58) and 0.11 (95% CI: 0.01-0.36) with sunitinib.

No significant differences were found for the overall median PFS from the beginning 
until the discontinuation of the MT therapies. In particular, the HR for the sunitinib to 
everolimus group vs. the everolimus to sunitinib group was 0.94 (95% CI: 0.45-1.97), 
implying that the order of the sequencing of the treatment did not exert a significant 
role to the median PFS time.

Figure 1. Kaplan-Meier plots for progression-free survival (PFS) in months after first-line treatment with evero-
limus or first-line with sunitinib.

Figure	  1.	  	  Kaplan-‐Meir	  plots	  for	  progression	  free	  survival	  (PFS)	  in	  months	  aCer	  first	  line	  treatment	  	  
with	  everolimus	  (E)	  or	  suniFnib	  (S).	  	  

E: Median PFS= 16.3 months
S: Median PFS= 9 monts

E

S
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Secondary endpoint
No statistical significant differences were found in the median OS time in both groups 
(P=0.875) (Figure 3). The HR for the sunitinib to everolimus group vs. the everolimus to 
sunitinib group was 0.90 (95% CI: 0.23-3.45). The 2-year survival rate in the everolimus to 
sunitinib group was 0.83 (95% CI: 0.57-0.94) compared to 0.69 (95% CI: 0.31-0.89) in the 
sunitinib to everolimus group.

Disease progression after first-line treatment with everolimus was observed in 18 out 
of 20 patients with pancreatic NETs (90%) after a median duration of 13.6 months and in 
7 out of 11 patients (63%) after first-line treatment with sunitinib after a median dura-
tion of 7.4 months. Disease progression after second-line treatment was observed in 12 
out of 20 patients (60%) in the everolimus to sunitinib group after a median duration of 
7.2 months, and in 6 out of 11 patients in the sunitinib to everolimus group (54.5%) after 
a median follow up of 7.0 months.

Overall mortality rate for both groups was 35% (11 patients out of the total 31). Eight 
of them (26%) were from the everolimus to sunitinib group and 3 of them (27%) from 
the sunitinib to everolimus group. All deaths were considered disease-related and were 
observed during the second-line treatment period with both agents.

Figure 2. Kaplan-Meier plots for progression-free survival (PFS) in months after second-line treatment with 
everolimus or second-line with sunitinib.

Figure	  2.	  Kaplan-‐Meir	  plots	  for	  progression	  free	  survival	  (PFS)	  in	  months	  
aCer	  second	  line	  treatment	  with	  everolimus	  (E)	  or	  suniFnib	  (S)	  .	  	  

E: Median PFS= 15.5 months
S: Median PFS= 10.3 months

E

S
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Adverse events
During first-line treatment with everolimus, 2 out of 20 patients (10%) discontinued 
treatment because of serious AEs compared to 4 out of 11 patients who received 
first-line sunitinib (36%). During the second-line treatment, 3 out of 20 patients (15%) 
discontinued treatment due to serious AEs following sunitinib administration in the 
everolimus to sunitinib group and one out of 11 patients after everolimus (9%) in the 
sunitinib to everolimus group. Analysis for each group separately showed that 5 out of 
20 patients (25%) discontinued treatment because of serious AEs in the everolimus to 
sunitinib group vs. 5 out of 11 (45%) in the sunitinib to everolimus group; however, these 
differences were not statistical significant different (P=0.6). Serious AEs after the first-
line treatment with either single agent were less compared to those after the sequential 
treatment with the two agents (10% for everolimus as single agent treatment vs. 25% 
for the everolimus followed by sunitinib group, P=0.40, and 36% for sunitinib as single 
agent treatment vs. 45% for the sunitinib followed by the everolimus group, P=1.0). 
A higher percentage of patients required dose reduction during first-line (16%) and 
second-line (18%) treatment with everolimus compared to sunitinib (9% for first-line 
and 8% for second-line).

The overall frequency of AEs of all grades was 45% for the everolimus to sunitinib 
group and 80% for the sunitinib to everolimus group (P=0.13). Anemia was the most 
frequent for everolimus to sunitinib group treatment and fatigue/asthenia for sunitinib 
to everolimus group.

Figure 3. Kaplan-Meier plots for the overall survival in the two groups.

Figure	  3.	  Kaplan-‐Meir	  plots	  for	  the	  overall	  survival	  in	  the	  two	  groups:	  	  
everolimus	  to	  suniFnib	  (E-‐>S)	  and	  suniFnib	  to	  everolimus	  (S-‐>E)	  .	  	  
	  

HR = 0.90 (95% CI: 0.23-3.45)

E->S

S->E
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disCussiON

This is the first study in pancreatic NETs showing that sequential treatment with currently 
available MT agents is feasible and associated with clinical meaningful additive PFS in 
patients with pancreatic NETs. Our findings show that a second challenge with a MT 
agent in patients with pancreatic NETs that have progressed following initial challenge 
with another MT agent, is associated with a clinical useful PFS although not statistically 
significant. These findings were obtained with relative moderate toxicity that necessi-
tated treatment discontinuation in 25% of patients in the everolimus to sunitinib group 
and in 45% of patients in the sunitinib to everolimus group. In addition, the frequency of 
serious AEs was lower in patients treated with everolimus compared to sunitinib albeit 
without statistical significance.

Pancreatic NETs are in their great majority well-differentiated tumors and generally 
more indolent than adenocarcinomas; however, once these tumors progress beyond 
surgical resectability are essentially incurable2. Systemic treatment options have sub-
stantially been expanded in recent years with long acting SS analogues regarded as 
the first therapeutic option for well-differentiated pancreatic NETs with a Ki-67 index 
of <10%17. However, the majority of patients will develop progressive disease neces-
sitating further systemic therapy. Following progression different therapeutic options 
are available including cytotoxic chemotherapy, PRRT and the administration of MT 
agents18, 19. Currently, there are no comparative studies evaluating the ideal sequence of 
these therapies upon progression although several algorithms have been proposed by 
relevant scientific societies taking into consideration parameters such as Ki-67 index, tu-
mor growth rate, and disease burden11, 19. It has been suggested by the European Society 
of Neuroendocrine Tumors (ENETS) that everolimus could be used as first-line treatment 
whereas sunitinib should be considered in patients in whom other therapeutic modali-
ties have failed10. However, the issue of sequential treatment with currently available MT 
agents has not been formally addressed up to now.

Alternate sequence of sunitinib and everolimus has been well studied in advanced 
renal cell carcinoma where sunitinib and everolimus are both approved as first-line 
and second-line therapies respectively13, 14. A prospective clinical trial in patients with 
advanced renal cancer (RECORD-3) comparing sunitinib until progression followed by 
everolimus vs. the reverse sequence, has shown the non-inferiority of everolimus com-
pared to sunitinib in terms of PFS and OS, with however cross-over of patients (43-45%) 
from one group to the other15. Sunitinib exhibited a slightly longer PFS and OS without 
though reaching statistical significance15. In the RECORD-1 trial that compared evero-
limus to placebo after sunitinib or sorafenib failure in advanced renal cell carcinoma, 
median PFS was 4.9 months vs. 1.9 months compared to the placebo group20. These data 
suggest that a programmed sequential strategy administering sunitinib and everolimus 
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without waiting for disease progression may be considered as a potential option in 
patients with advanced renal cell carcinoma.

According to our data, the more beneficial effect of everolimus as first-line treatment 
in the median PFS of patients with pancreatic NETs compared to sunitinib, albeit not 
statistically significant, is in line with the standard treatment paradigm according to the 
ENETS guidelines10. Interestingly, second-line challenging treatment with everolimus 
in patients already treated with sunitinib seems to prolong more the median PFS time 
compared to the second-line treatment with sunitinib in patients already treated with 
everolimus, without though obtaining statistical significant difference. The order of the 
sequential treatment when comparing the 2 groups did not seem to have an effect in 
terms of the PFS.

Although there are no clinical data evaluating the effects of a second-line challenge 
treatment with a MT agent in pancreatic NETs, in vitro studies offer a better understand-
ing of the mechanism underlying the role of the sequence of treatment of MT agents. 
The sequential combinations of everolimus and sunitinib in a renal cancer mouse model 
induced anti-angiogenic effects, leading to tumor necrosis21. In particular, everolimus 
addition after 5 weeks of sunitinib exposure of renal cancer cells slowed tumor growth21. 
Alternate sequence of sunitinib and everolimus mitigated the development of mesen-
chymal phenotype compared with sunitinib as single agent22. In particular mice, treated 
with sunitinib monotherapy, presented with controlled tumors characterized by lower 
vessel size compared to progressive tumors, while everolimus was more efficient on 
mature vessels than sunitinib that mainly affected unstable neoangiogenesis22. 

While the choice of targeted therapies in other malignancies is frequently driven by 
the findings of the precise molecular alterations present in the tumor, no such study has 
been done in NETs. This is particularly important given that the survival of patients with 
malignant NETs appears to be different based on the driver mutation(s) present in the 
tumor. An on-going study includes the analysis of the involved cell signaling pathways 
for the treatment of patients with advanced metastatic gastrointestinal and pancreatic 
NETs with currently approved MT agents according to the mutations present [sunitinib 
for MEN1/PDGFR/KIT/FLT3 mutations, or everolimus for NF1/PTEN/PI3K/AKT/mTOR/VHL/
TP53 mutations]23.

Because of its design, the present study has its major inherent limitation in the retro-
spective nature of the analysis. This limitation, a common feature in most observational 
studies, may explain the allocation of different number of patients in each group and the 
different duration of treatment. Unfortunately, the small sample size didn’t provide suf-
ficient statistical power in any of our findings. Additionally, the lack of a separate group 
of patients receiving monotherapy with a MT agent did not permit a direct comparison 
between the single agent treatment and the combination of the two agents regard-
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ing the PFS and the OS or mortality. However, this is the first clinical study comparing 
sequential challenge treatment in this rare category of neoplasms.

In summary, our results support current guidelines showing that in metastatic and 
resistant to prior therapeutic modalities pancreatic NETs, first-line treatment with 
everolimus increases the PFS. Although meaningful responses may be obtained follow-
ing second challenge treatment, the small sample size and the retrospective nature of 
our study did not allow a robust conclusion to be made. However, these data provide 
evidence that programmed alternating sequential strategies studied in a prospective 
manner could document the therapeutic efficacy of this approach in patients with 
advanced metastatic pancreatic NETs.



151

9

Sequential Molecular Targeted Therapy in Pancreatic NETs

reFereNCes

 1. Yao JC, Hassan M, Phan A, Dagohoy C, Leary C, Mares JE, Abdalla EK, Fleming JB, Vauthey 
JN, Rashid A, Evans DB. One hundred years after “carcinoid”: epidemiology of and prognostic 
factors for neuroendocrine tumors in 35,825 cases in the United States. Journal of clinical oncol-
ogy. 2008;26:3063-3072.

 2. Yao JC, Lombard-Bohas C, Baudin E, Kvols LK, Rougier P, Ruszniewski P, Hoosen S, St Peter 
J, Haas T, Lebwohl D, Van Cutsem E, Kulke MH, Hobday TJ, O’Dorisio TM, Shah MH, Cadiot 
G, Luppi G, Posey JA, Wiedenmann B. Daily oral everolimus activity in patients with metastatic 
pancreatic neuroendocrine tumors after failure of cytotoxic chemotherapy: a phase II trial. Jour-
nal of clinical oncology. 2010;28:69-76.

 3. Halfdanarson TR, Rabe KG, Rubin J, Petersen GM. Pancreatic neuroendocrine tumors 
(PNETs): incidence, prognosis and recent trend toward improved survival. Annals of oncology. 
2008;19:1727-1733.

 4. Chan JA, Stuart K, Earle CC, Clark JW, Bhargava P, Miksad R, Blaszkowsky L, Enzinger 
PC, Meyerhardt JA, Zheng H, Fuchs CS, Kulke MH. Prospective study of bevacizumab plus 
temozolomide in patients with advanced neuroendocrine tumors. Journal of clinical oncology. 
2012;30:2963-2968.

 5. Yao JC, Phan AT, Chang DZ, Wolff RA, Hess K, Gupta S, Jacobs C, Mares JE, Landgraf AN, 
Rashid A, Meric-Bernstam F. Efficacy of RAD001 (everolimus) and octreotide LAR in advanced 
low- to intermediate-grade neuroendocrine tumors: results of a phase II study. Journal of clinical 
oncology. 2008;26:4311-4318.

 6. Yao JC, Shah MH, Ito T, Bohas CL, Wolin EM, Van Cutsem E, Hobday TJ, Okusaka T, Capdevila 
J, de Vries EG, Tomassetti P, Pavel ME, Hoosen S, Haas T, Lincy J, Lebwohl D, Oberg K, Rad001 
in Advanced Neuroendocrine Tumors TTSG. Everolimus for advanced pancreatic neuroendo-
crine tumors. The New England journal of medicine. 2011;364:514-523.

 7. Raymond E, Dahan L, Raoul JL, Bang YJ, Borbath I, Lombard-Bohas C, Valle J, Metrakos P, 
Smith D, Vinik A, Chen JS, Horsch D, Hammel P, Wiedenmann B, Van Cutsem E, Patyna S, Lu 
DR, Blanckmeister C, Chao R, Ruszniewski P. Sunitinib malate for the treatment of pancreatic 
neuroendocrine tumors. The New England journal of medicine. 2011;364:501-513.

 8. Houk BE, Bello CL, Poland B, Rosen LS, Demetri GD, Motzer RJ. Relationship between 
exposure to sunitinib and efficacy and tolerability endpoints in patients with cancer: results of 
a pharmacokinetic/pharmacodynamic meta-analysis. Cancer chemotherapy and pharmacology. 
2010;66:357-371.

 9. Kulke MH, Lenz HJ, Meropol NJ, Posey J, Ryan DP, Picus J, Bergsland E, Stuart K, Tye L, Huang 
X, Li JZ, Baum CM, Fuchs CS. Activity of sunitinib in patients with advanced neuroendocrine 
tumors. Journal of clinical oncology. 2008;26:3403-3410.

 10. Falconi M, Bartsch DK, Eriksson B, Kloppel G, Lopes JM, O’Connor JM, Salazar R, Taal BG, 
Vullierme MP, O’Toole D, Barcelona Consensus Conference p. ENETS Consensus Guidelines for 
the management of patients with digestive neuroendocrine neoplasms of the digestive system: 
well-differentiated pancreatic non-functioning tumors. Neuroendocrinology. 2012;95:120-134.



Chapter 9

152

 11. Kamp K, Damhuis RA, Feelders RA, de Herder WW. Occurrence of second primary malignancies 
in patients with neuroendocrine tumors of the digestive tract and pancreas. Endocrine-related 
cancer. 2012;19:95-99.

 12. Pavel ME, Hainsworth JD, Baudin E, Peeters M, Horsch D, Winkler RE, Klimovsky J, Lebwohl 
D, Jehl V, Wolin EM, Oberg K, Van Cutsem E, Yao JC, Group R-S. Everolimus plus octreotide 
long-acting repeatable for the treatment of advanced neuroendocrine tumours associated with 
carcinoid syndrome (RADIANT-2): a randomised, placebo-controlled, phase 3 study. Lancet. 
2011;378:2005-2012.

 13. Escudier B, Eisen T, Porta C, Patard JJ, Khoo V, Algaba F, Mulders P, Kataja V, Group EGW. 
Renal cell carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. 
Annals of oncology. 2012;23 Suppl 7:vii65-71.

 14. Kanakis G, Kamp K, Tsiveriotis K, Feelders RA, Zormpala A, de Herder WW, Kaltsas G. The 
prevalence and relevance of adrenal masses in patients with sporadic gastroenteropancreatic 
neuroendocrine tumours (GEP-NET). Clinical endocrinology. 2013;78:950-956.

 15. Motzer RJ, Barrios CH, Kim TM, Falcon S, Cosgriff T, Harker WG, Srimuninnimit V, Pittman 
K, Sabbatini R, Rha SY, Flaig TW, Page R, Bavbek S, Beck JT, Patel P, Cheung FY, Yadav S, 
Schiff EM, Wang X, Niolat J, Sellami D, Anak O, Knox JJ. Phase II randomized trial comparing 
sequential first-line everolimus and second-line sunitinib versus first-line sunitinib and second-
line everolimus in patients with metastatic renal cell carcinoma. Journal of clinical oncology. 
2014;32:2765-2772.

 16. de Herder WW. Biochemistry of neuroendocrine tumours. Best practice & research. Clinical endo-
crinology & metabolism. 2007;21:33-41.

 17. Caplin ME, Pavel M, Cwikla JB, Phan AT, Raderer M, Sedlackova E, Cadiot G, Wolin EM, Cap-
devila J, Wall L, Rindi G, Langley A, Martinez S, Blumberg J, Ruszniewski P, Investigators C. 
Lanreotide in metastatic enteropancreatic neuroendocrine tumors. The New England journal of 
medicine. 2014;371:224-233.

 18. Fine RL, Gulati AP, Krantz BA, Moss RA, Schreibman S, Tsushima DA, Mowatt KB, Dinnen RD, 
Mao Y, Stevens PD, Schrope B, Allendorf J, Lee JA, Sherman WH, Chabot JA. Capecitabine 
and temozolomide (CAPTEM) for metastatic, well-differentiated neuroendocrine cancers: The 
Pancreas Center at Columbia University experience. Cancer chemotherapy and pharmacology. 
2013;71:663-670.

 19. Sorbye H, Strosberg J, Baudin E, Klimstra DS, Yao JC. Gastroenteropancreatic high-grade 
neuroendocrine carcinoma. Cancer. 2014;120:2814-2823.

 20. Motzer RJ, Escudier B, Oudard S, Hutson TE, Porta C, Bracarda S, Grunwald V, Thompson JA, 
Figlin RA, Hollaender N, Kay A, Ravaud A, Group R-S. Phase 3 trial of everolimus for metastatic 
renal cell carcinoma : final results and analysis of prognostic factors. Cancer. 2010;116:4256-4265.

 21. Rosa R, Damiano V, Nappi L, Formisano L, Massari F, Scarpa A, Martignoni G, Bianco R, 
Tortora G. Angiogenic and signalling proteins correlate with sensitivity to sequential treatment 
in renal cell cancer. British journal of cancer. 2013;109:686-693.



153

9

Sequential Molecular Targeted Therapy in Pancreatic NETs

 22. Lane HA, Wood JM, McSheehy PM, Allegrini PR, Boulay A, Brueggen J, Littlewood-Evans A, 
Maira SM, Martiny-Baron G, Schnell CR, Sini P, O’Reilly T. mTOR inhibitor RAD001 (everolimus) 
has antiangiogenic/vascular properties distinct from a VEGFR tyrosine kinase inhibitor. Clin Can-
cer Res. 2009;15:1612-1622.

 23. Neychev V, Steinberg SM, Cottle-Delisle C, Merkel R, Nilubol N, Yao J, Meltzer P, Pacak K, 
Marx S, Kebebew E. Mutation-targeted therapy with sunitinib or everolimus in patients with 
advanced low-grade or intermediate-grade neuroendocrine tumours of the gastrointestinal tract 
and pancreas with or without cytoreductive surgery: protocol for a phase II clinical trial. BMJ 
Open. 2015;5:e008248.





 Chapter 10
General Discussion





157

10

General Discussion

GeNeraL disCussiON

Progress has been made in the knowledge, diagnosis and treatment of gastroentero-
pancreatic neuroendocrine tumors (GEP-NETs) over the past decades. In this chapter, 
the implications of the findings in the studies, as described in this thesis, are discussed 
in the light of the current and future diagnostics and treatments of GEP-NET patients. 

epidemiOLOGy

Over the course of the last thirty years, there has been an apparent increase in the 
prevalence and incidence of GEP-NETs1, 2. Whether this constitutes an actual increase 
in incidence and prevalence or is the result of better diagnostics or better detection or 
more awareness and more clearly defined nomenclature still remains unclear.

The Dutch National Cancer Registry has no complete data on GEP-NETs, due to the 
fact that some tumors (e.g. insulinomas and appendix NETs) were not considered to be 
malignant in the past. Furthermore, there was a lack of clear nomenclature and a wide 
variety of classification systems were used. As a result and as an example, we were re-
quired to analyze data from nationwide GEP-NET patient subpopulations in our second 
primary malignancy study. 

The establishment of both the European Neuroendocrine Tumor Society (ENETS) and 
the North American Neuroendocrine Tumor Society (NANETS) has greatly improved col-
laboration between NET centers in various countries and across the ocean.

Although the Netherlands still lacks a national GEP-NET registry, ENETS has recently 
set up a multinational NET database, known as the ENETS European NET Registry. Conse-
quently, international multicenter studies are able to source data from different national 
registries. It is possible that this will lead to the establishment of safe and effective NET 
treatment protocols and the initiation of international studies as well as to the determi-
nation of the actual epidemiology of NETs in Europe and its various geographical areas.

A further advantage of the ENETS European NET Registry is that uniformity in the 
registration of data becomes feasible and this in turn would benefit multicenter inter-
national studies. 

Future Prospects in Epidemiology
Establishing a direct connection between the Dutch National Cancer Registry and 
hospital registrations in NET centers in the Netherlands could lead to a better and more 
complete registry of Dutch GEP-NET patients, eventually facilitating multicenter Dutch 
preclinical and clinical studies.
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Clinical
A systematic clinical characterization of two rare humoral paraneoplastic syndromes 
was made: Humoral Hypercalcemia of Malignancy due to Parathyroid Hormone-related 
Protein (PTHrP) secretion by GEP-NETs and Cushing’s syndrome caused by ectopic ACTH 
secretion (EAS) by thoracic and GEP-NETs. Improved awareness of the clinical signs and 
symptoms of these hormonal hypersecretory disorders will eventually lead to better 
identification, and, probably, earlier treatment of GEP-NET patients at risk.

The studies led to the identification of the most effective treatments for these very 
rare disorders; the realization of more tailored therapies in the near future have come a 
step closer as a consequence.

Biomarkers
At a recent consensus meeting, an international group of GEP-NET experts concluded 
that the currently available, circulating GEP-NET biomarkers have major limitations. 
Biomarkers for GEP-NETs should ideally comply with the multi-dimensional character-
istics for accurate diagnosis (e.g. functional versus non-functional GEP-NETs), prediction 
of treatment effectiveness, quantification of tumor burden, indication of proliferative 
and metastatic capacity of the tumor, level of aggressiveness or benign behavior of the 
tumor3.

New biomarkers for GEP-NETs are therefore needed to provide better diagnostic and 
prognostic information. We have shown that NSE is very useful as a predictive biomarker 
in GEP-NET patients, although its clinical use had been neglected to date. In addition, 
the performance of CgA as a marker for the diagnosis and follow-up of GEP-NET patients 
is under discussion. The study showed a favorable disease course in Stage IV GEP-NET 
patients without elevated CgA levels.

Imaging
Any progress in the field of radiology and molecular imaging can be brought into play 
in order to create so-called “Precision Medicine”. This can involve the integration of (pos-
sible genomic/proteomic) biological information of the tumor, thus allowing for the de-
velopment of so-called “Personalized Medicine”, i.e. tailor-made individual treatments.

Future Prospects in Diagnostics

Circulating Tumor Cells (CTCs)
In recent years, interest in CTCs and their use as a potential new biomarker has gradually 
increased. As yet, the only FDA-approved test for the detection of CTCs is the CELL-
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SEARCH® system, which uses the epithelial cell adhesion molecules (EpCAM) expression 
by NETs as an identification tool. This approach is similar to that used in other epithelial 
cancers such as breast, prostate, lung and colorectal cancer. Dynamic changes in CTC 
levels parallel responses to therapy and overall survival4. To further validate these find-
ings, the role of CTCs in NETs is explored in two ongoing trials: the CALM-NET study in 
midgut NETs (NCT02075606) and the SEQTOR trial in pancreatic NETs (NCT02246127).

MicroRNA (miRNA) Profiling
Another possible new biomarker for GEP-NETs could be miRNA, known to be dysregu-
lated in several malignancies. Overall, there are, as yet, still insufficient clinical data to 
support the use of miRNA expression measurement in GEP-NETs3. In addition, large 
differences in miRNA profiles have been reported between different subtypes of NETs5, 6.

NETest 
The NETest (Wren Laboratories, Branford, CT, USA) represents a multianalyte qRT-PCR 
assay based on 51 marker genes. This test provides information on the biological nature 
of the GEP-NET and its extent of disease. The measurement of these values can further-
more be used to determine treatment effectiveness7-10.

treatmeNt

Despite the increase in both the incidence and the prevalence of GEP-NETs over the past 
three decades, treatment options for patients with metastatic disease remain limited. 
Approved drugs for symptom control and inhibition of tumor growth include the soma-
tostatin analogs (SSAs), octreotide and lanreotide, and the molecular targeted agents 
everolimus and sunitinib11-14. Due to the expanding knowledge on GEP-NET biology, 
several clinical trials with new biological and molecular targeted agents are expected 
in the near future. Currently available therapeutic agents for other cancer types will 
also be tested for their efficacy in the treatment of GEP-NETs in the near future. This 
will, ultimately, most certainly lead to an expansion of the current “armor” in the battle 
against GEP-NET disease.

Monotherapies

Peptide Receptor Radionuclide Therapy (PRRT)
PRRT with the radiolabeled SSA [177Lu-DOTA0,Tyr3]octreotate (177Lu-octreotate, Luta-
thera®) is an important new treatment modality for GEP-NET patients with inoperable 
tumors or metastatic disease. The publication of the phase III, multicenter, stratified, 
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open, randomized, controlled trial on 177Lu-octreotate in patients with midgut NETs 
(NETTER-1) may lead to formal approval and reimbursement of this therapy in Europe 
and the USA. It has yet to be determined whether prospective randomized trials with 
177Lu-octreotate are needed in pancreatic NETs in order to also obtain full approval for 
this GEP-NET subtype.

Molecular Targeted Agents
The molecular targeted agents everolimus and sunitinib have both been approved for 
the treatment of advanced pancreatic NETs12, 14. A recent study also demonstrated the ef-
ficacy of everolimus in advanced, non-functional lung or GI-NETs15. However, the issues 
of prioritization of one of these molecular targeted therapies and the role of sequential 
treatment with these therapies have not yet been formally addressed. We have shown 
that sequential therapy with these compounds is at least feasible, with acceptable side 
effects and toxicity profiles. This also corresponds to the standard treatment paradigm 
according to the ENETS guidelines16. We have also shown that the known safety profile 
of everolimus is not influenced by previous treatment with 177Lu-octreotate. 

Combination Therapies or Sequential Therapies?
While the treatment of GEP-NET patients in Centers of Excellence is increasingly suc-
cessful, with a gradual increase in overall survival (OS), their treatment algorithms are 
becoming more and more complex. International organizations in the field, such as 
ENETS and NANETS, therefore recommend (or will require in the near future), that each 
GEP-NET patient must be discussed in a multidisciplinary tumor board consisting of 
specialists with experience in the diagnosis and treatment of GEP-NETs (http://www.
soncos.org/).

Future Prospects in Treatment

Patient Selection and Sequential Treatment Strategies
It is necessary that we improve our skills in selecting patients who are likely to benefit 
from specific treatments at the time of diagnosis, or during the course of their disease. 
However, validated biomarkers, that guide the selection of the most appropriate treat-
ment and/or follow-up for each individual patient, are still lacking.

Other important questions which still remain unanswered are: what is the recom-
mended sequence of treatments and at which moment and at what stage of the disease 
should these be initiated? Therapeutic decisions are now mainly based on personal ex-
perience and expert consensus statements (expert, but generally not evidence based), 
but are also dependent on the local availability of these therapies as well as financial 
issues17.
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The feasibility of testing all possible sequential treatments, including SSAs, approved 
molecular targeted agents (everolimus, sunitinib), surgery, PRRT, embolization, chemo-
therapy and newly developed drugs with large prospective clinical trials is limited, since 
patient accrual will become problematic due to the relatively low prevalence and inci-
dence figures. However, advances in molecular profiling could be used to address this 
issue at a different level. A better understanding of molecular tumor biology could lead 
to the development of new cancer medicines, prognostic and predictable biomarkers, 
and the increase of essential knowledge regarding the (baseline or acquired) tumor’s 
resistance mechanisms18. These advances could also prove useful in the preselection 
of patients for a type of neo-adjuvant therapy by identifying those patients at risk for 
recurrence.

Serotonin Synthesis Inhibitors
In a phase III double-blind clinical trial (TELESTAR), telotristat etiprate (LX 1606), showed 
promising results by controlling diarrhea and/or flushing in patients with metastatic 
GEP-NETs and the carcinoid syndrome. It is to be expected that this drug will be ap-
proved for clinical use in 2016 (NCT01677910).

Immunotherapy
Recently, a study was initiated to test whether immune-based therapy in GEP-NETs 
provides the same promising results as it does in some other types of cancer19, 20. 
Ipilimumab is a monoclonal antibody that activates the immune system by targeting 
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), a receptor that downregulates 
the immune system. Ipilimumab stimulates cytotoxic T-lymphocytes to recognize tu-
mor cells and destroy them21. A phase I/II trial, to examine the safety and efficacy of 
intratumoral injection of ipilimumab combined with antibodies to programmed cell 
death protein 1 (PD-L1 agent) in Grade 3 GEP-NETs, is in preparation (www.netrf.org/
net-research-foundation-launches-major-immunotherapy-initiative). Further studies on 
the characterization of immune characteristics and genomes in GEP-NETs are also still 
needed to guide the testing of immunotherapy treatments.

Oncolytic Viruses
Since 2008, an oncolytic adenovirus, modified with somatostatin motifs for selective 
infection of GEP-NET cells, has been developed and tested in mice22, 23. Oncolytic viruses 
(“cancer-eating viruses”) are naturally occurring or genetically modified viruses that 
infect and destroy tumor cells by lysis, thereby releasing new virus particles which will 
infect neighboring tumor cells. The production and testing of a clinical batch of this 
virus named “Advince” is being executed at the time of writing. The final goal is to obtain 
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licenses from authorities and ethical committees to conduct phase I clinical trials (http://
www.uu.se/en/support/oncolytic).

The combination of (new multi-dimensional) biomarkers and improved imaging 
techniques should help to diagnose the GEP-NET at an earlier stage and help to fi nd the 
best tailored therapy for each individual patient.

Tailor-made medical therapy for GEP-NET patients. 
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summary

NETs form a heterogeneous group of relatively rare tumors with a fair degree of variability 
in clinical manifestations and biological behavior. The primary tumor site localizations 
of the majority of metastatic NETs are the gastrointestinal (GI) and bronchopulmonary 
tracts, and the pancreas. GEP-NETs originating from cells of the diffuse neuroendocrine 
system of the GI tract and pancreas have shown an increasing incidence and prevalence 
over the past 30 years.

This thesis evaluates the clinical and biochemical characteristics of GEP-NETs, and 
includes data on the safety and efficacy of different sequential treatments. Chapter 1 
provides a general introduction to GEP-NETs with a short history of their nomenclature 
and a general overview of the scientists who first described these rare tumors. This chap-
ter also contains a summary of the current literature with regard to the epidemiological, 
clinical and biochemical aspects of GEP-NETs as well as diagnostic strategies and differ-
ent treatment modalities for patients with these malignancies.

The first section of this thesis analyzes the prognostic value of two general serum 
biomarkers: chromogranin A (CgA) and neuron-specific enolase (NSE). To date, this has 
been poorly studied in patients with ENETS TNM Stage IV GEP-NETs.

Chapter 2 describes a retrospective study of 616 and 524 patients with ENETS TNM 
Stage IV GEP-NETs for the analysis of baseline and follow-up levels of serum CgA, 
respectively. At the time of diagnosis and follow-up, there were those patients with 
elevated CgA levels and those with CgA levels within the reference range (so-called ‘true 
non-secretors’). The hypothesis was put forward that these non-secretors would have a 
less favorable prognosis on the basis that lack of secretion can be considered a sign of 
further tumor dedifferentiation. The results of this single-center study demonstrate that, 
contrary to our hypotheses, true non-secretion of CgA does not constitute an unfavor-
able prognostic factor in patients with Stage IV well-moderately differentiated GEP-NETs 
and is, therefore, an independent biomarker for OS, both at baseline and at follow-up.

Chapter 3 discusses a retrospective study on serum NSE at first consultation in 592 
patients with sporadic (non-familial) ENETS TNM Stage IV GEP-NETs. Elevated levels of 
NSE were found in over 40% of patients, confirming already published data. The results 
of this study demonstrate that NSE is a biomarker for overall survival in ENETS TNM 
Stage IV GEP-NET patients. Elevated levels of serum NSE indicate a more aggressive 
disease course and the determination of NSE at the first consultation could, therefore, 
have prognostic implications.
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The second part of this thesis focuses on the association between GEP-NETs and the 
presence of other neoplastic lesions. In the literature, several small case series and au-
topsy studies reported an increased incidence of second primary malignancies (SPMs) 
in patients with GEP-NETs. Chapter 4 examines whether there is indeed an actual, 
increased risk for SPMs in GEP-NET patients. The occurrence of SPMs was evaluated in 
a large cohort of 459 GEP-NET patients and compared with an age- and sex-matched 
control group of patients with identical malignancies, using linkage to the Dutch Na-
tional Cancer Registry. In total, 63 (13.7%) GEP-NET patients were diagnosed with 67 
SPMs: 25 previous, 13 synchronous and 29 metachronous cancers. Despite the fact that 
these results are in line with findings from historical series, a statistical quantification 
of risk using a population-based reference group led to different conclusions. Contrary 
to what other studies found, this study concludes that GEP-NET patients show a higher 
frequency only in the occurrence of synchronous SPMs, mainly colorectal cancers, as 
compared to the general population.

The widespread application of modern imaging techniques has revealed an increased 
prevalence of incidentally discovered adrenal masses (“adrenal incidentalomas”). In 
Chapter 5 an estimation of the prevalence of adrenal incidentalomas in 438 GEP-NET 
patients has been made retrospectively. The results show that the prevalence of adrenal 
incidentalomas in GEP-NET patients (8.4%) is higher than in the general population 
(0.98-4%), but significantly lower than in patients with other malignancies (27%). In 
addition, it was found that most incidentalomas in our study were benign adrenal ad-
enomas. However, adrenal incidentalomas were more frequently observed in patients 
with Grade 3 tumors, suggesting that the aggressive biological behavior of the GEP-NET 
may predict the possibility that a concurrent adrenal lesion is metastatic and, therefore, 
in these cases should not be considered as an incidentaloma.

The third part of this thesis examines two humoral paraneoplastic syndromes in a large 
cohort of GEP-NET patients. These two syndromes are Humoral Hypercalcemia of Ma-
lignancy due to Parathyroid Hormone-related Protein (PTHrP) secretion and Cushing’s 
syndrome caused by ectopic ACTH secretion (EAS).

Only a few case reports of PTHrP hypersecreting GEP-NETs had been reported in 
literature, showing that investigational protocols and treatment management varied 
considerably from patient to patient and from institution to institution. Chapter 6 
describes a large single-centre case series of 10 successive PTHrP hypersecreting GEP-
NET patients in a total cohort of 895 GEP-NET patients. PTHrP hypersecretion seemed 
to be exclusively associated with metastatic pancreatic NETs. As shown in our series, 
paraneoplastic PTHrP hypersecretion had a major clinical impact as, apart from the 
poorly controllable hypercalcemia, it was associated with an increased morbidity and 
mortality. Various therapeutic regimens and combination therapies were investigated 
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and reported, including information on treatment response and duration of response. 
The results demonstrated that somatostatin analogs (SSAs) and peptide receptor 
radionuclide therapy (PRRT) using radiolabeled SSAs are most successful in terms of 
long-term control and achieving normalization of serum calcium, paralleled by tumor 
stabilization or reduction, and prolongation of progression-free survival (PFS). Isotonic 
saline and bisphosphonates are considered to be the best supportive therapies.

Due to the fact that several large series solely reported on the relative contribution of 
EAS in the spectrum of Cushing’s syndrome, an assessment of the prevalence of EAS in 
a large cohort of 918 patients with thoracic and GEP-NETs has been made in Chapter 7. 
This retrospective, single-center study revealed that, within a time frame of 20 years 
(1993–2012), 29 patients (3.2%) were diagnosed with EAS: 23 patients synchronously, 
4 patients metachronously, and 2 patients with cyclical EAS. In addition, clinical, bio-
chemical, and radiological features as well as management and outcome of treatment 
of this EAS patient cohort are detailed. In accordance with the literature, thoracic NETs 
(lung/bronchus and thymic) were shown to be the most common tumors causing EAS, 
followed by pancreatic NETs. Comparisons between thoracic and GEP-NET patients with 
and without EAS showed highly significant differences in various clinicopathological pa-
rameters: a lower median age at diagnosis and more Stage IIIB tumors in the EAS group, 
presumably explained by an earlier onset of symptoms due to the EAS. Overall survival 
analysis showed that only the first 5-year survival rate was lower in patients with EAS 
as compared with non-EAS patients. We concluded that EAS in patients with thoracic 
and GEP-NETs is associated with serious morbidity and a high mortality risk. Aggres-
sive treatment of hypercortisolism with medical therapy or rescue endoscopic bilateral 
adrenalectomy are therefore of the essence for the management of these patients.

In the last part of this thesis, the safety and efficacy of different sequential treatments 
are evaluated in order to assess new possible treatment algorithms.

Although PRRT with 177Lu-octreotate has proven to be an effective treatment for GEP-
NET patients, there are limitations to its use as some patients become refractory to this 
therapy or develop progressive disease, necessitating further treatments.

Chapter 8 compares the safety and efficacy profile of everolimus in 24 GEP-NET 
patients, who have previously been treated with 177Lu-octreotate. In this multicenter 
study, the safety profile of everolimus was assessed using the National Cancer Institute 
Common Terminology Criteria for Adverse Events (CTCAE) and efficacy in all patients 
was evaluated according to Response Evaluation Criteria in Solid Tumors (RECIST). 
Safety issues were similar to the known safety profile of everolimus and most adverse 
events were either grade 1 or 2. The most common major clinical adverse events (grade 
3 or 4) during treatment with everolimus were hyperglycemia (20.8%), fatigue (8.3%), 
thrombocytopenia (8.3%), and elevated levels of alanine transaminase levels (8.3%). 
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Median PFS of our study was longer as compared to the RADIANT-3 trial (13.1 versus 11.4 
months). We concluded that the known safety profile of everolimus is not influenced by 
previous treatment with 177Lu-octreotate and is, therefore, a safe and feasible treatment 
option for GEP-NET patients with progressive disease.

The molecular targeted agents everolimus and sunitinib have both been approved for 
the treatment of advanced pancreatic NETs. However, the issue of sequential treatment 
with these molecular targeted therapies has not been formally addressed to date. In 
other types of cancer, such as metastatic renal carcinoma, alternating treatment with 
sunitinib and everolimus has been shown to be efficacious.

In Chapter 9, sequential molecular targeted therapy with everolimus and sunitinib 
is evaluated in terms of safety and its effect on disease progression and survival in 31 
patients with advanced well-differentiated pancreatic NETs. This multicenter study 
analyzed efficacy according to RECIST criteria and classified adverse events into 4 
grades. With regards to safety issues, discontinuation of treatment because of serious 
adverse events occurred less frequently with everolimus either as a first- or second-line 
treatment as compared to sunitinib. Sequential treatment with MT agents everolimus 
and sunitinib showed a clinical benefit on PFS, although not statistically significant. 
Everolimus treatment seemed to result in a longer PFS, either as a first- or second-line 
treatment as compared to sunitinib, albeit without statistical significance. The order 
of the sequential treatment did not influence the overall median PFS. More extensive 
prospective studies are required to further investigate the efficacy of alternate sequence 
therapy with molecular targeting agents in metastatic pancreatic NETs.

Finally, in Chapter 10, the results and consequences of the aforementioned studies, 
as described in this thesis, are discussed in relation to current and future diagnostic 
modalities and new treatment options for GEP-NET patients.
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sameNvattiNG

Neuroendocriene tumoren (NETs) vormen een heterogene groep van relatief zeldzame 
tumoren, die diverse klinische verschijningsvormen hebben en zich biologisch uiteenlo-
pend kunnen gedragen. De voornaamste locaties in het lichaam waar uitgezaaide NETs 
voorkomen zijn het maagdarmstelsel, de luchtwegen en de pancreas. De gastroentero-
pancreatische NETs (GEP-NETs), welke afkomstig zijn uit het diffuse neuroendocriene 
systeem van het maagdarmstelsel en de pancreas laten in de periode van de afgelopen 
dertig jaar een stijgende incidentie en prevalentie zien.

In dit proefschrift worden de klinische en biochemische eigenschappen van GEP-NETs 
besproken, inclusief de veiligheid en effectiviteit van verschillende behandelmethodes. 
Hoofdstuk 1 is een algemene introductie over GEP-NETs, met een korte historische 
achtergrond van hun naamgeving en een vermelding van de artsen die deze zeldzame 
tumoren voor het eerst hebben beschreven. Ook wordt in dit hoofdstuk de huidige 
literatuur met betrekking tot de epidemiologische, klinische en biochemische aspecten 
van GEP-NETs samengevat en worden de diagnostische strategieën en behandelings-
technieken genoemd.

Na dit inleidende hoofdstuk volgt het eerste deel van het proefschrift, waarin de prog-
nostische waarde van twee algemene serum biomarkers – chromogranine-A (CgA) en 
neuron-specifieke enolase (NSE) – wordt onderzocht. Tot op heden is dat weinig bestu-
deerd bij patiënten met ENETS TNM Stadium IV GEP-NETs.

In Hoofdstuk 2 wordt een retrospectief onderzoek beschreven van een meting van 
serum CgA tijdens het eerste consult en het verdere ziekteverloop van 616 patiënten 
met ENETS TNM Stadium IV GEP-NETs, onder wie 524 patiënten die geen protonpomp-
remmers voorgeschreven kregen.

Op het moment van eerste consult (diagnose) en bij het vervolgonderzoek waren er 
zowel patiënten met verhoogde CgA-spiegels, maar ook patiënten met CgA-spiegels 
binnen het referentiegebied (de zogenaamde ‘echte non-secretors’). De hypothese was 
dat deze laatste groep een minder gunstige prognose zou hebben, omdat minder CgA-
productie immers een teken zou kunnen zijn van dedifferentiatie van de tumor. De be-
vindingen uit het onderzoek lieten verrassend genoeg juist het tegenovergestelde zien: 
non-secretie van CgA is voor patiënten met Stadium IV goedgedifferentieerde (Graad 
1-2) GEP-NETs juist niet een ongunstige prognostische factor en kan daarom fungeren 
als een onafhankelijke biomarker voor totale overleving, zowel ten tijde van diagnose 
stelling als tijdens het vervolgonderzoek.
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Hoofdstuk 3 behandelt een retrospectief onderzoek naar de serum NSE-bepalingen 
tijdens het eerste consult van 592 patiënten met sporadische ENETS TNM Stadium IV 
GEP-NETs. Bij ruim 40% van de patiënten werd een verhoogde NSE-spiegel gevonden, 
wat overeen komt met in de literatuur gepubliceerde data. De resultaten van het on-
derzoek onderstrepen dat NSE als biomarker kan dienen voor de totale overleving van 
patiënten met ENETS TNM Stadium IV GEP-NETs. Verhoogde spiegels van het serum NSE 
kunnen wijzen op een agressiever ziekteverloop en de bloedbepaling van NSE tijdens 
het eerste consult kan daarom prognostische implicaties hebben.

Het tweede deel van dit proefschrift richt zich op het verband tussen GEP-NETs en de 
aanwezigheid van andere neoplastische laesies. In de bestaande literatuur worden 
een aantal kleinschalige patiënten series en autopsiestudies beschreven, waarin bij 
patiënten met GEP-NETs een verhoogde incidentie van een tweede primaire tumor 
(SPMs) wordt gerapporteerd. In Hoofdstuk 4 werd onderzocht of GEP-NET-patiënten 
daadwerkelijk een verhoogd risico hebben voor SPMs. Het voor komen van SPMs werd 
getoetst binnen een groot cohort van 459 patiënten met GEP-NETs en vergeleken met 
een controlegroep bestaande uit leeftijds- en geslachtsgelijke patiënten met verge-
lijkbare tumoren. Voor deze vergelijking werd gebruik gemaakt van gegevens van het 
Nederlands Kanker Instituut (NKI).

Bij 63 GEP-NET-patiënten (13,7%) werden in totaal 67 SPMs geconstateerd: 25 eerder 
gediagnostiseerde tumoren, en 13 synchrone en 29 metachrone maligniteiten. Deze 
resultaten kwamen overeen met die uit gepubliceerde series. Na statistische risicoana-
lyse, gebruik makend van een populatie-gerelateerde referentiegroep, kwamen we 
echter tot een andere conclusie. Het bleek dat, anders dan wordt beschreven in eerdere 
gepubliceerde onderzoeken, patiënten met GEP-NETs in vergelijking met de algemene 
bevolking alleen frequenter synchrone colorectale tumoren als SPM hebben.

Door de brede toepassing van moderne radiologische technieken is er sprake van een 
verhoogde prevalentie van het aantal bij toeval ontdekte bijniermassa’s (“adrenale inci-
dentalomen”). Hoofdstuk 5 behelst een retrospectief onderzoek waarin de prevalentie 
van adrenale incidentalomen bij 438 patiënten met GEP-NETs werd gecontroleerd. Het 
bleek dat deze bijniermassa’s bij deze patiënten categorie vaker voorkomen dan in 
de algemene bevolking (8.4% ten opzichte van 0.98-4%), maar wel significant minder 
dan bij patiënten met andersoortige tumoren (27%). Bovendien werd vastgesteld dat 
de meeste incidentalomen in onze studie benigne adrenale adenomen waren. Echter, 
adrenale incidentalomen werden vaker gevonden bij patiënten met Graad 3 tumoren, 
wat suggereert dat het agressieve biologische gedrag van de GEP-NET de mogelijkheid 
kan voorspellen of een tegelijk ontdekte bijniermassa een metastase is, en daarom niet 
meer onder de noemer ‘incidentalomen’ kan vallen.
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In het derde deel van dit proefschrift worden twee humorale paraneoplastische syndro-
men in een groot cohort GEP-NET-patiënten beschreven. Het gaat hier om zogenaamde 
Humoral Hypercalcaemia of Malignancy (hypercalciëmie) door Parathyreoïdhormoon-
gerelateerde Proteïnesecretie (PTHrP) en het syndroom van Cushing veroorzaakt door 
ectopische secretie van het Adrenocorticotrophine (ACTH) (EAS).

In de literatuur worden maar enkele PTHrP-producerende GEP-NETs gerapporteerd, 
en uit deze publicaties blijkt dat er per patiënt en per instelling aanzienlijke verschil-
len zijn met betrekking tot onderzoeks- en behandelingsprotocollen. In Hoofdstuk 6 
staat een in één medisch centrum uitgevoerd grootschalig onderzoek centraal bij 895 
GEP-NET patiënten, waarvan er 10 met een PTHrP-producerende GEP-NET werden 
gediagnostiseerd. Er werd gevonden dat PTHrP-hypersecretie alleen voor lijkt te komen 
als sprake is van metastatische neuroendocriene pancreastumoren. Paraneoplastische 
PTHrP-hypersecretie heeft een sterk negatief effect op het klinische beloop bij de pati-
ent, omdat de slecht controleerbare hypercalciëmie leidt tot een verhoogde morbiditeit 
en mortaliteit. Meerdere behandelregimes en -combinaties werden toegepast. Informa-
tie over de behandelrespons en -duur werden vastgelegd. De resultaten laten zien dat 
somatostatine analogen (SSAs) en peptide receptor radionuclide therapie (PRRT) met 
radioactief gelabelde somatostatine analogen het meest geschikt waren om langdurige 
controle, het bereiken van normalisatie van het serum calcium en stabilisatie dan wel 
reductie van de tumor en de prolongatie van progressie-vrije overleving (PFS) te be-
werkstelligen. NaCl en bisfosfaten blijken het meest geschikt te zijn als ondersteunende 
therapie.

Aangezien meerdere grote onderzoeken zich enkel hebben gericht op de relatieve 
bijdrage van EAS in het spectrum van het syndroom van Cushing, behandelt Hoofdstuk 
7 de prevalentie van EAS in een groot cohort van 918 thorax- en GEP-NET patiënten. In 
deze retrospectieve analyse werden over een tijdsspanne van 20 jaar (1993-2012), 29 pa-
tiënten (3.2%) gediagnosticeerd met EAS, waarvan 23 patiënten met synchrone, 4 patiën-
ten met metachrone en 2 patiënten met cyclische EAS. Hiernaast werden ook klinische, 
biochemische en radiologische eigenschappen van het gehele EAS-cohort vastgelegd, 
en tevens de behandelmethodes en de behandelingsuitkomsten. In overeenstemming 
met de medische literatuur veroorzaken neuroendocriene thoraxtumoren (in long/
bronchus en thymus) het vaakst EAS, gevolgd door pancreas NETs. Vergelijkingen tussen 
thorax- en GEP-NET patiënten met en zonder EAS laten significante verschillen zien met 
betrekking tot diverse clinicopathologische parameters. Een lagere mediane leeftijd bij 
diagnose en meer Stadium IIIb-tumoren in de EAS-groep, vermoedelijk te verklaren door 
een eerder optreden van symptomen van EAS, zijn hiervan de belangrijkste parameters. 
Het overlevingspercentage was alleen in de eerste vijf jaar lager bij patiënten met EAS in 
vergelijking met patiënten zonder EAS. Verder werd geconcludeerd dat patiënten met 
thorax- en GEP-NETs een belangrijk morbiteits- en mortaliteitsrisico lopen. Een agres-
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sieve benadering van het hypercortisolisme met ofwel medicamenteuze therapie of 
endoscopische bilaterale adrenalectomie is daarom essentieel.

In het laatste deel van dit proefschrift worden de veiligheid en effectiviteit van 
verschillende sequentiële behandelingen onderzocht om potentieel nieuwe behande-
lingsalgoritmes te introduceren.

Hoewel PRRT met 177Lu-octreotaat een bewezen effectieve behandeling voor GEP-NET 
patiënten is, zijn er ook beperkingen. Sommige patiënten reageren niet meer op deze 
therapie, of ontwikkelen progressieve ziekte waardoor aanvullende behandeling nodig is.

Hoofdstuk 8 beschrijft de vergelijking tussen het veiligheids- en effectiviteitsprofiel 
van everolimus in 24 GEP-NET patiënten, nadat ze eerder zijn behandeld met 177Lu-
octreotaat (Lutathera) Het veiligheidsprofiel van everolimus werd in een retrospectieve 
studie vastgelegd door middel van de National Cancer Institute Common Terminology 
Criteria for Adverse Events (CTCAE). De effectiviteit van het middel op de tumoren van 
alle GEP-NET patiënten werd geëvalueerd met behulp van de Response Evaluation 
Criteria in Solid Tumors (RECIST). De geconstateerde veiligheidsproblemen waren ge-
lijk aan het al bekende veiligheidsprofiel van everolimus, en de meeste bijwerkingen 
waren ofwel graad 1 of 2. De meest veelvoorkomende klinische bijwerkingen (graad 3 
of 4) bij de behandeling met everolimus waren hyperglycemie (20.8%), vermoeidheid 
(8.3%), thrombocytopenie (8.3%), en verhoogde alanine-transaminaseniveaus (8.3%). 
De mediane PFS van ons onderzoek was in vergelijking met de RADIANT-3 trial langer 
(13.1 versus 11.4 maanden). We concluderen dat een eerdere behandeling met 177Lu-
octreotaat geen invloed heeft op het bekende veiligheidsprofiel van everolimus en dat 
de combinatie daarom een veilige en effectieve behandelingsoptie is voor GEP-NET 
patiënten met progressieve ziekte.

De moleculaire kankertherapiemiddelen everolimus en sunitinib zijn beide goedge-
keurd als behandelopties voor uitgezaaide pancreas NETs. Tot op heden is sequentiële 
behandeling met deze middelen echter nog niet verder uitgezocht. Bij andere kankerva-
rianten, zoals gemetastaseerd niercelcarcinoom, is een alternerende behandeling met 
sunitinib en everolimus effectief gebleken.

In Hoofdstuk 9 worden de resultaten van een sequentiële moleculaire therapiebe-
handeling met everolimus en sunitinib beschreven en met name met betrekking op 
veiligheid, effectiviteit, progressie en overleving in een groep van 31 patiënten met ge-
metastaseerde en goed-gedifferentieerde pancreas NETs. Dit onderzoek analyseerde de 
effectiviteit middels de RECIST-criteria en rangschikte de bijwerkingen in vier gradaties. 
Wat betreft de veiligheidscriteria werd de behandeling met everolimus minder vaak af-
gebroken, zowel in het val van eerste- of tweedelijnsbehandeling, als die met sunitinib.

Een belangrijke conclusie was dat everolimus en sunitinib als sequentiële MT-midde-
len een positief doch niet statistisch significant verschillend klinisch effect hebben op 
het gebied van PFS. Everolimus lijkt als eerste-, of tweedelijnsbehandeling een langere 
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progressievrije overleving te geven dan sunitinib, maar ook hier was het verschil niet 
statistisch significant. De totale mediane PFS werd niet beïnvloed door de volgorde 
waarin beide middelen werden ingezet in de sequentiële behandeling. Uitgebreidere 
prospectieve onderzoeken zijn verder nodig om de effectiviteit van alternerende se-
quentietherapieën met moleculaire kankertherapieën op pancreas NETs te bepalen.

Tot slot worden in Hoofdstuk 10 de resultaten van bovengenoemde onderzoeken in dit 
proefschrift in het kader van de huidige en toekomstige diagnostische en therapeuti-
sche opties voor GEP-NET-patiënten geplaatst.
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 1,25-Dihydroxycholecalciferol
5-FU 5-Fluorouacil
5-FU-STZ 5-Fluorouracil–Streptozotocin
5-HIAA 5-Hydroxy Indole Acetic Acid
5-HT 5-Hydroxytryptamine, Serotonin
5-HTP 5-Hydroxytryptophan
68Ga-DOTA-TATE Gallium-68 labelled Octreotate
ACTH Adrenocorticotropic Hormone
ADH Vasopressin
AEs Adverse Events
AI Adrenal Incidentaloma
AJCC American Joint Committee on Cancer
ALT Alanine Transaminase = SGPT = Serum Glutamic Pyruvic
 Transaminase
ANP Atrial Natriuretic Peptide
APC Adenomatous Polyposis Coli 
AST Aspartate Transaminase = SGOT = Serum Glutamic
 Oxaloacetic Transaminase
BAI Bilateral Adrenal Involvement
BIPSS Bilateral Inferior Petrosal Sinus Sampling
B rep Bisphosphonate repetitive
CDR Cortisol Diurnal Rhythm
CgA Chromogranin A
CgB Chromogranin B
CgC Chromogranin C
CI Confidence Interval
CRH Corticotropin-releasing Hormone
CS Cushing’s Syndrome
CT Computed Tomography
CTCAE Common Terminology Criteria for Adverse Events
CTCs Circulating Tumor Cells
CTGF Connective Tissue Growth Factor
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CTLA-4 Cytotoxic T-lymphocyte-associated Protein 4
DHEA-S Dehydroepiandrosterone-Sulphate
DST Dexamethasone Suppression Test
EAS Ectopic ACTH Secretion
ECL-cells Enterochromaffin-like Cells
ELISA Enzyme-linked Immunosorbent Assay
ENETS European Neuroendocrine Tumor Society
EpCAM Epithelial Cell Adhesion Molecule
EUS Endoscopic Ultrasound
FDA Food and Drug Administration (USA)
FDG [18F]-Fluorodeoxyglucose
FLT3 Fms related Tyrosine Kinase 3
FSG Fasting Serum Gastrin
G1 Grade 1
G2 Grade 2
G3 Grade 3
GBq Gigabecquerel
G-cell Gastrin-producing Cell 
GEP-NET  Gastroenteropancreatic Neuroendocrine Tumor
GH Growth Hormone
GHRH Growth Hormone-releasing Hormone
GI Gastrointestinal
G(H)RF Growth Hormone–releasing Factor 
H2-blockers Histamine 2-blockers
HDSST High-Dose Dexamethasone Suppression Test
HE Hematoxylin and Eosin
HHM Humoral Hypercalcemia of Malignancy
HPF High Power Field
HR Hazard Ratio
IFN-α Interferon-alfa
IFN-β Interferon-beta
IGF1 Insulin-like Growth Factor 1
IGF2 Insulin-like Growth Factor 2
IL Interleukin
im intramuscular
IR Immediate Release
iv intravenous
Ki-67 Ki-67 labeling index (using MIB-1 antibody)
KIT KIT Proto-Oncogene Receptor Tyrosine Kinase
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LAR Long-Acting Release/Repeatable
LH Luteinizing Hormone
luthatera, 177Lu-octreotate [177Lu-DOTA0,Tyr3]octreotate
MANEC Mixed Adeno-Neuroendocrine Carcinoma
MDS Myelodysplastic Syndrome
MEN1 Multiple Endocrine Neoplasia Syndrome type 1
MIB-1 antibody Monoclonal Antibody Ki-67 index
miRNA microRNA
mo months
mOS median Overall Survival
MRI Magnetic Resonance Imaging
MT Molecular Targeted
MTC Medullary Thyroid Carcinoma
mTOR mammalian Target of Rapamycin
NA not available
NANETS North American Neuroendocrine Tumor Society
NEC Neuroendocrine Carcinoma
NET Neuroendocrine Tumor
NF Non-Functioning
NF1 Neurofibromatosis type I/ Neurofibromin 1 gene 
NICTH Non-islet Cell Tumor Hypoglycemia
NSE Neuron-specific Enolase
Octreoscan 111In-pentetreotide scintigraphy
OS Overall Survival
PA Pathology Assessment
PAC Plasma Aldosterone Concentration
PD Progressive Disease
PDGFR Platelet-derived Growth Factor Receptors
PD-L1 Programmed cell death protein 1
PET Positron Emission Tomography
PET-CT Positron Emission Tomography-Computed Tomography
PFS Progression-Free Survival
PHM Peptide Histidine-methionine
PI3K Phosphatidylinositol 3-kinase
PPI Proton Pump Inhibitor
PR Partial Response
PRA Plasma Renin Activity
PRRT Peptide Receptor Radio(nuclide)therapy
PTEN Phosphatase and Tensin Homolog
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PTH Parathyroid Hormone
PTHrP Parathyroid Hormone-related Peptide/Protein
QOL Quality of Life
qRT-PCR quantitative Reverse Transcriptase Polymerase Chain Reaction
RANK Receptor Activator of Nuclear factor-κB
RECIST Response Evaluation Criteria in Solid Tumors
RFA Radiofrequency Ablation
RR Reference Range
RTK Receptor Tyrosine Kinase
sc subcutaneous
SCLC Small Cell Lung Carcinoma
SCS Subclinical Cushing’s Syndrome
SD Standard Deviation
SD Stable Disease
SEER Surveillance, Epidemiology, and End Results
SGH Subclinical Glucocorticoid Hypersecretion
SIADH Syndrome of Inappropriate Antidiuretic Hormone Secretion
siNET small intestine Neuroendocrine Tumor
SIR Standardized Incidence Ratio
SPECT Single Positron Emission Computed Tomography
SPM Second Primary Malignancy
SPSS Statistical Package for Social Sciences
SRS Somatostatin Receptor Scintigraphy, OctreoScan® 
SSA Somatostatin Analog
sst somatostatin receptor subtype
STZ-5FU Streptozotocin-5-Fluorouracil
TACE Transcatheter Arterial Chemoembolization 
TGF Transforming Growth Factor
TI Therapeutic Intervention
TNF Tumor Necrosis Factor
TNM Tumor, Lymph Node, Metastasies
TP53 Tumor Protein p53
TTP Time To Progression
UFC Urinary Free Cortisol excretion
ULN Upper Limit of Normal
VAC Vincristine–Adriamycin–Cyclophosphamide
VEGF Vascular Endothelial Growth Factor
VHL Von Hippel-Lindau
VIP Vasoactive Intestinal Peptide
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vs. versus
WHO World Health Organization
Xelox Capecitabine plus Oxaliplatin
ZES Zollinger-Ellison Syndrome
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DANKWOORD

Als stuurvrouw in het roeien ben ik het gewend om na een gewonnen race ceremonieel 
in het water gegooid te worden. Nu dit proefschrift ook de eindstreep heeft gehaald, 
wens ik een aantal mensen datzelfde eervolle natte pak toe, als dank voor de (jaren-
lange) steun. 

Allereerst mijn promotor, Prof.dr. W.W. de Herder. Wouter, je hebt me met meer dan 
alleen raad en daad bijgestaan. Bij jou komt klinisch- en basaal onderzoek samen, ik 
heb veel waardering voor je betrokkenheid bij patiënten en je toewijding tijdens het 
opleiden van jonge artsen. Je bent de spin in het web van neuroendocriene tumoren. 
Door jou ben ik medisch onderzoek gaan waarderen en je bent er ook buiten het zieken-
huis om voor me geweest tijdens de vermissing van mijn hond Berber. De memorabele 
mails – de ‘nachttrein’ die ook om 03:00 uur stukken retour stuurde – zullen me miss-
chien nog wel het meeste bijblijven, met afgelopen Kerst als hoogtepunt. Er zijn weinig 
mensen met wie ik tijdens de feestdagen liever tot diep in de nacht digitaal spar. Dankzij 
jou hoef ik niet aan de boterhammen met pindakaas – dankjewel.

Mijn co-promotor, dr. R.A. Feelders. Richard, jij en Wouter waren de gangmakers van 
de afdeling endocrinologie in het Erasmus MC, waardoor menig grote visite wel eens 
uitliep. Bloed prikken ging nog nooit zó duidelijk volgens de MacGyver-methode. Jouw 
scherpe blik – tot de laatste spelfouten vlak voor de deadline aan toe! – en je inzichten 
hebben mijn proefschrift beter gemaakt. Bij jou was nooit een afspraak nodig, en je 
droge gevoel voor humor zorgde voor de nodige ontspanning in het promotieproces. 

Prof.dr. L.J. Hofland, Prof.dr. D.J. Kwekkeboom en Prof.dr. G.D. Valk, hartelijk dank 
dat u allen mijn proefschrift heeft willen toetsen en positief heeft willen beoordelen als 
leden van de leescommissie. Leo en Dick, ik ben jullie daarnaast veel dank verschuldigd 
voor het meedenken over en het bediscussiëren van mijn onderzoeksresultaten de 
afgelopen jaren.

De overige leden van de promotiecommissie. Prof.dr. J.C. Kluin-Nelemans, Prof.dr. 
Y.B. de Rijke en Dr. E.J.M. Nieveen-van Dijkum, bedankt voor het plaatsnemen in de 
commissie. Hanneke, op driejarige leeftijd was je de eerste aan wie ik vertelde dat ik 
dokter wilde worden, vervolgens heb ik vele jaren later mijn eerste geneeskundestage 
in het UMCG gelopen, wat het heel speciaal maakt dat je in mijn grote commissie wilde 
plaatsnemen. Yolanda, dank voor je enthousiasme, hulp en inzichten bij het klinisch-
biochemische aspect van mijn proefschrift. Els, dank dat je als chirurg wilde deelnemen 
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aan dit vrij “internistische” gebeuren en voor het delen van alle mooie roeiverhalen op 
congressen.

Dank aan alle mede-auteurs, de volgende personen in het bijzonder. Timon, jij weet met 
al je enthousiasme als geen ander statistiek begrijpelijk te maken. Dank voor alle hulp bij 
de analyses van de biomarker studies. Ali, bedankt voor alle tijd en energie om mee te 
denken over het ectopische ACTH stuk. Ik kijk nu al uit naar mijn oudste coschap in het 
IJsselland Ziekenhuis. Heel veel succes in de nabije toekomst met je eigen promotie. PS: 
mocht ik ooit zonneschermen nodig hebben, weet ik bij wie ik aan moet kloppen. Esther 
Korpershoek, bedankt voor je hulp bij de immunohistochemische ACTH-bepalingen 
voor de ectopische ACTH studie. 

Prof.dr. G. Kaltsas, Prof.dr. F.P. Costa, Prof.dr. M. Peeters, George Kanakis, Anna 
Angelousi and Brenda Gumz: thank you for your contributions and assistance with 
regards to the studies described in this thesis. Your knowledge and expertise in the field 
of NETs was invaluable. 

Mijn paranimfen. Ro(derick), jij bent al vanaf de eerste colleges geneeskunde mijn 
maatje. Jij bent de hoofdschuldige van mijn Skadi-verslaving, want door jou ben ik 
daar lid geworden. Ik ben ervan overtuigd dat je een fantastische chirurg zal worden, je 
promotie tot een goed einde zal brengen, en dat je gelukkig wordt met Claire. Jij bent 
een goedzak, met een onmetelijk relativeringsvermogen en de gave om altijd rustig te 
blijven. 

Neelke. Mijn beste vriendinnetje, tante van Pluis, partner in crime van menig vrijdag-
middagborrel. Of überhaupt gewoon een borrel. Of koffie. Ik ben er zo trots op dat jij 
in Amsterdam promotieonderzoek gaat doen bij de kindergeneeskunde. Op de een of 
andere manier kunnen wij elkaar weken niet spreken en toch zo verdergaan waar het 
vorige gesprek eindigde. Zelfs jouw jaar in Houston was niet genoeg om elkaar uit het 
oog te verliezen. Sinds jullie hachelijke auto-avontuur in de rimboe van Zuid-Amerika, 
weet ik één ding zeker: jij en Tim kunnen samen alles aan.

Collega PhD’s van kamer Z-626: Karin, dank voor al je wijze raad en adviezen tijdens mijn 
promotie en coschappen! Ik was zo groen als gras toen ik startte met mijn onderzoek. 
Samen met Stijn reis je langzaamaan de hele wereld rond, ik wens jullie alle geluk toe. 
Sanne, ik waardeer je gedrevenheid voor onderzoek, logistieke talenten tijdens reizen, 
gezelligheid tijdens eten en borrels, het denken in oplossingen (hoe neem ik mijn degen 
mee in de trein?) en de passie voor de schermsport. Wat waren de interne skiweekenden 
mooi: denk aan die steile zwarte piste, leek initieel een goed idee(?) en de outfits van de 
Disney’s Peter Pan vertolking. Succes met de laatste fase van je proefschrift, je weet me 
te vinden. Roxanne, wat hebben we veel dagen, avonden en weekenden samen aan de 
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NET database gewerkt, zonder jou was het niet gelukt! Ik heb diep respect voor al jouw 
uurtjes en geduld in het lab. Naast je onderzoek heb je een bewogen jaar achter de rug, 
het mag gezegd worden, je bent een enorme doorzetter! Succes met de laatste loodjes 
van je proefschrift! Ik zie je snel weer in het IJsselland Ziekenhuis. Dames, dank dat jullie 
naast collega’s ook vriendinnetjes zijn geworden!

Mark en Ammar, jullie kwamen als twee serieuze heren in een kippenhok terecht. 
Excuses (nogmaals) voor de af en toe vrij slechte muziekkeuzes op vrijdagmiddag. Veel 
succes met de verdere “rustige” voortzetting van jullie onderzoek. Wouter (Zandee niet 
te verwarren), ik heb de NET database met een gerust hart aan je overgedragen. Heel 
veel succes met je promotieonderzoek en sterkte met het databasen, maar dat zit wel 
goed.

Collega’s van de interne geneeskunde-endocrinologie, Aart Jan, Robin, Liesbeth, Se-
bastian, Carola en Joop, Ellen, Elske, Michel, Kees, Marlies, Carolien, Laura, Bruno, 
Swasti, Nicolaas, Roos, Corina, Edward, Hans, Marianne, Tineke en Judith, dankzij 
jullie heb ik enorm veel geleerd over het mooiste vak, de endocrinologie. Bedankt voor 
de ontspannen en prettige werksfeer in het Erasmus MC en op menig congres, en niet te 
vergeten de altijd gezellige lunches. 

Wanda, in mijn ogen ben je onmisbaar voor de endocrinologie. Je regelt alles voor 
de patiënten, van A tot Z, en nu je zwanger bent merkt iedereen hoeveel bergen werk 
je verzet. Ook voor mij was je van onschatbare waarde, al was het alleen al vanwege de 
congressen waar we samen naar toe gingen en de talloze databaselijstjes die we samen 
hebben opgesteld en doorgeworsteld. Sjaan, jou wil ik graag bedanken voor de fijne 
samenwerking en al je kennis en hulp bij de Clinical trials.

Karin en Anneke, jullie dansten jullie een weg door de onmetelijke wirwar van 
administraties, declaraties, afspraken en het organiseren van congressen. Jullie zijn de 
stille krachten achter mijn promotie. 

Jelmer en Michel, grote broers met doorlopend gratis advies. Het was een eer om 
met jullie de legendarische ‘pluizig en blauw’-skireis te organiseren voor de afdeling 
interne geneeskunde van het Erasmus MC. Ik ga ervan uit dat jullie kersverse kroost ook 
de komende jaren pluizig en blauw door het leven zullen gaan.

Leden en aanwezigen van de Tumorwerkgroep (Neuro)Endocriene Tumoren: dank voor 
het delen van jullie multidisciplinaire kennis en de altijd boeiende discussies. Vanuit de 
nucleaire geneeskunde Jaap, Boen, Esther, Hendrik en Wouter, vanuit de pathologie 
Prof.dr. F.J. van Kemenade en Francien Nederveen, bij oncologie Ferry Eskens, en tot 
slot binnen de chirurgie Prof.dr. C.H.J. van Eijck, Gaston Franssen en Aleida. 
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Andere collega PhD’s: Gerard, Vincent, Thomas, Sabine, Marije, Sara, Mesut, Anneke, 
Martijn, Layal, en Tim, bedankt voor de altijd gevarieerde besprekingen op donderdag-
middag, het sparren over endocrinologische problemen, de gezellige congresbezoeken, 
borrels en hardloopperikelen. 

Dames van de polikliniek, dank voor de ondersteuning bij het zoeken en vinden van 
alle oude statussen voor de opbouw van de NET database. Verpleging en secretares-
ses van 5-midden, dank dat ik altijd welkom was om op de afdeling te werken.

Cogroep 14.33, dankzij jullie is de herstart van mijn coschappen een stuk leuker en 
soepeler verlopen dan ik had durven denken. Dank voor alle briljante humor tijdens de 
ICK weken en de tips and tricks omtrent alle administratieve rompslomp. Ik ga de spam 
van de Psy-Co-groep 14.33 app enorm missen. Op het afstuderen!

Marli(eke), maffe, lieve en vooral gekke huisgenote van Huize Honingerdijk.  Wat heb-
ben we veel lol gehad op menig doordeweekse avond met slechte tv-programma’s, 
oreo’s, chips, cola-light en wijn!  Met daarna steevast het voornemen om weer te gaan 
sporten of hardlopen. Wat mis ik die avonden sinds we allebei verhuisd zijn!

Skadi eerstejaars dames 2011 (Fleur, Avalon, Carola, Anne-Jet, Sianne, Anouk, Jitte, 
Carline & Melody): van slag tot boeg totaal verschillende types, maar toch de meest 
hechte groep dames die ik ken. Ik hoop dat we nog heel lang vriendinnen blijven. Al 
onze EJD avonturen, de prettige chaos tijdens het ploegeten en de feestjes (met prosec-
co): het zijn stuk voor stuk dierbare herinneringen. Oh ja, het roeien was natuurlijk ook 
extreem belangrijk. Vanaf nu ben ik er weer volop bij om gezellig te doen.

Heren van de Oude Vier: Spillie, Jappie, Fox & Floris. Bedankt dat ik voorin jullie boot 
mocht liggen toen we de mooiste overwinning ooit behaalden op de Varsity van 2015. 
Ik weet dat ik de laatste kilometer vooral hysterisch heb gegild, maar misschien wilden 
jullie daarom zo snel mogelijk over de streep? Hugo en Thijs, ook jullie waren belangrijk 
voor het succes, al roeiden jullie niet mee tijdens die race. Als ik aan het goud van Houten 
denk, denk ik ook aan jullie.

Oud-Skadi bestuur, Remco, Robbert, Corneel, Gijs en Mattis. Dank voor jullie altijd (h)
eerlijke roei-relativeringsvermogen en het tijdelijk waarnemen van mijn taken in deze 
afgelopen drukke periode. 
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Vriendinnetjes, vrienden, collega’s en kennissen, van binnen en buiten de roeiwereld, 
ook jullie wil ik niet ongenoemd laten. Dank voor jullie steun, interesse en luisterend oor 
tijdens vele etentjes en borrels, ook al hadden jullie vaak geen idee waar ik het over had. 

Dan nu het belangrijkste deel van mijn dankwoord. Mijn familie.

Oma Kamp, helaas maak je de afronding van mijn proefschrift en afstuderen niet meer 
mee, ook al had je dit dolgraag gewild. Je was voor mij de allerliefste oma die er bestaat! 

Tante Nelly en oom Rien: jullie zijn mijn tweede thuis, staan altijd klaar en niks is voor 
jullie te gek. Ik heb bijna een kwart van mijn coschappen bij jullie in Etten-Leur doorge-
bracht, en ik durf met mijn hand op mijn hart te beweren dat ik het zonder jullie warmte 
en zorg niet tot een goed einde had kunnen brengen. Jullie omschrijven jullie huis als 
de zoete inval, en als jullie het niet erg vinden wil ik nog heel lang van jullie gastvrijheid 
blijven snoepen.

Lieve paps, jij bent een doorzetter. Koppig (ik heb het af en toe niet van een vreemde), 
maar niet iemand die bij de pakken neerzit. Toen ik nog heel jong was werd je ernstig 
ziek, maar hoewel ik als driejarig meisje riep dat ik het was die je beter ging maken, was 
dat gelukkig niet nodig. Je helpt altijd met klussen en als ik je hulp nodig heb kan ik je 
bellen. Zullen we afspreken dat je tijdens mijn promotieplechtigheid geen foto’s maakt 
zoals tijdens mijn doctoraal uitreiking? 

Lieve mama, ook al woon je ongeveer aan de andere kant van de wereld, jij bent altijd 
dichtbij. Je bent er altijd voor me geweest, dag en nacht, en ik weet dat je er ook altijd 
voor me zult zijn. Je hebt je ontfermd over Berber en Pluis toen het nodig was, was er op 
álle roeiwedstrijden om me aan te moedigen en steunt me door dik en dun (ook als ik 
niet de ideale dochter ben of je midden in de nacht bel als ik alleen op de fiets naar huis 
moet). Ik heb ontzettend veel respect voor wat jij in het leven voor elkaar hebt gebokst. 
Ik hoop dat ik later net zo’n moeder kan worden als jij.

Michiel, je kwam letterlijk uit de lucht vallen. Je weet me altijd te verrassen en aan het 
lachen te maken. Op de een of ander manier houd je me rustig, dring je tot me door, en 
ook al gaat alles in een sneltreinvaart: het voelt alsof het zo hoort. Ik denk dat je mijn 
promotie inmiddels van binnen en buiten kent – tegen wil en dank – aangezien je aan 
een half woord van mij genoeg hebt om een alinea over neuroendocriene tumoren te 
herschrijven. Wil je alsjeblieft nooit je maffe tulpenpak weggooien? Ben stapelgek op je!
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