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Abstract
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Neuroendocrine neoplasm (NEN) can arise in any part of the body, but most commonly
in the lungs, bronchi, and the gastrointestinal tract including the pancreas. They combine
neuroendocrine and tissue-of-origin-specific characteristics; explaining different symptoms
depending on the organ of origin. NEN is divided into slow-growing neuroendocrine tumours
(NETs) and the rarer aggressive neuroendocrine cancers (NECs). Some hormone producing
NETs give rise to symptoms (functioning), generally detected earlier than the non-functioning
NETs, which often are larger and metastatic at diagnosis. NETs commonly express an
abundance of somatostatin receptors (SSTR). Synthetic copies of somatostatin (somatostatin
analogues, SSA), supress hormonal symptoms such as diarrhoea and flush. The SSA-SSTR
ligand-receptor complex interaction instantly internalises into the cells, separate, and the SSTR
re-surface. Gallium-68 (*Ga)-labelled SSAs are used for PET/CT-camera visualisation of
NETs, and SSA labelled with a therapeutic radionuclide, provide a means for internal radio-
therapy, peptide receptor radionuclide therapy (PRRT).

The aim of the thesis was to compare the tumour response to PRRT in small intestinal NET
(SI-NET) and pancreatic NET (P-NET). Study I, IT and IV are retrospective and include patients
who underwent PRRT with "Lu-DOTA-TATE at the Uppsala University Hospital. Study I,
quantified and related the radiation dose in 25 SI-NETs to tumour shrinkage using two- and
three-dimensional measurements, although no dose-response relationship was demonstrated.
A relationship between tumour shrinkage and the total administered activity was however
found. Study II compared the tumour response between SI-NETs from study I with P-NETs
included in an earlier report, now re-evaluated by adding more tumour parameters, and with
longer observation time. There radiation dose in P-NETs was the same as in SI-NETs. The
radiation dose in P-NETs was highest at the first PRRT cycles, and then decreased significantly
in consecutive cycles, which was not observed in SI-NETs.

The prospective study III, mapped the recirculation time of SSTR in SI-NETs and normal
organs. Thirteen tumours were measured at repeated “Ga-DOTA-SSA-PET examinations.
Larger tumours (>4 cm) showed a faster SSTR turn-over rate than small tumours, demonstrating
a turnover resembling that in the normal organs. These results open the possibility that pre-
treatment could protect normal tissues during PRRT, and probably increase radioactivity tumour
uptake and hence, the radiation dose.

The retrospective study IV investigated the effects of various amounts of SSA delivered in
the PRRT preparation, although the absorbed radiation dose to tumours and normal tissues, was
unrelated to the amount of peptide and to the patient’s total tumour burden.
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“It is only in strong winds the kite will fly”

(an old Chinese saying)
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1 Introduction

1.1 Neuroendocrine Tumours

1.1.1 Definition

The current WHO definition of neuroendocrine tumours is: “A tumour made
of neoplastic cells of epithelial origin, characterized by structural, phenotypic
and functional properties recalling those of normal peptide- or amine-produc-
ing endocrine cells” [1]. Hence, these tumours are able to arise in most any
organ or tissue of the body, and carry resemblance of both specific NEN traits
and traits from the organ of origin.

1.1.2 History in brief

The tumour entity that currently is denoted neuroendocrine neoplasm (NEN)
has constituted a challenge ever since the time of its recognition, in the begin-
ning of the 20th century. Two excellent historical reviews by G Kloppel [2]
and Modlin et al. [3] depict Siegfried Oberndorfer to be the first pathologist
to define these tumours as a separate entity, which he presented at the German
Pathological society convention in Dresden 1907. In that report he described
the tumours as non-malignant, yet malignant-like, thus naming them “Kar-
zinoide”. Two decades later (1929), he officially admitted that the carcinoids
could metastasize, and thus possessed malignant properties [3]. The term car-
cinoid remained in use for a long time, later being replaced by the expression
neuroendocrine tumours (NET), now NEN, with two sub-groups, well differ-
entiated NETs and poorly differentiated NECs, while “carcinoid” is still being
applied to lung-NENSs.

Before Obendorfer’s presentation at the Dresden pathology conference,
there were during the early 19th century occasional reports by F. Merling
(1829) and T. Langhans (1839) of autopsy findings of tumours in the appendix
and in the intestine that stained differently than the surrounding intestinal cells
[2]. At the end of that century O. Lubarsch (1888) and W.B. Ransom (1890)
described small gut tumours at autopsy, and Ransome concomitantly de-
scribed symptoms of flushing, rapid bowel movements /diarrhoea and wheez-
ing [3]. This symptom triad was later denoted the “carcinoid syndrome”.
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1.1.3 Pathophysiology

1.1.3.1 Early Pathological Tools

Limited to microscopic identification of stained cells and analysis of chemical
compositions of specimens, T. Langhans could 1867 describe a submucosal
jejunal tumour lacking evidence of peritumoral invasion, with a cell growth
that was glandular-like and arranged in nests with a thick fibrous stroma [3].
At the end of the 19" century, R.P. Heidenhain reported the finding of scat-
tered yellow cells in the small-intestinal mucosa in dogs (after fixation) and
called them enterochromaffin cells (EC cells). Two decades later A. Nicolas
discovered these cells to be situated in the crypts of Lieberkuhn (1891), a find-
ing that was confirmed by M. Kulchitsky, who called them acidophilic cells
[4, 3]. Based on the staining of the Lieberkuhn crypt cells, that was more sim-
ilar to endocrine cells, and deviated from the staining of the surrounding in-
testinal cell types, the crypt cells were suggested to be dissimilar in origin to
the ordinary lining cells of the intestine. These crypt cells received two differ-
ent names; the chromaffin cells, by Schmidt (1905), and EC cells by M. Ciac-
cio (1906). Similar cells were later found in carcinoid tumours and A. Gosset
and P. Mason suggest that the carcinoids might arise from the EC cells in the
Lieberkuhn crypts (1914). The enterochromaffin cells were later shown to be
wildly distributed throughout the body, why the term “diffuse endocrine sys-
tem” (DES) was suggested by Feyrter 1938. During the 20th century, promi-
nent Swedish medical scientists contributed to the knowledge regarding car-
cinoids; G. Bjork et al. described carcinoid heart disease with pulmonary ar-
tery stenoses, tricuspid insufficiency and cyanosis in a young male who at
autopsy disclosed hepatic metastases from a carcinoid in the jejunum [5]. In
1952, A. Thorson et al. for the first time described a series of patients with
pulmonary stenoses, tricuspid insufficiencies, bronchoconstriction and cyano-
sis, in combination with carcinoid tumours of the small intestine with liver
metastases, all of whom showed increased plasma levels of 5-hydroxy-tryp-
tamin (5-HT) [6], now more commonly called serotonin. In the same year, B.
Pernow and J. Waldenstrom reported that paroxysmal flushing was a major
symptom in carcinoid patients [7] and later undeniably proved the connection
between the increase of 5-HT in serum and 5-hydroxy-indol-acetic-acid (5-
HIAA) in urine, in 33 patients with abdominal carcinoids [8] as mentioned by
Modlin et al. [3].

1.1.3.2 Early Biochemical Techniques

Soon after M. Rapport (1948) discovered the serotonin molecule, F. Lembeck
(1953) could verify that the carcinoid tumours contained and excreted seroto-
nin, which explained the symptoms in these patients, earlier described by Ran-
som (1890). The Dutch pathologist A.J. Scholte (1931) was the first to de-
scribe the combination of symptoms, diarrhoea, cyanoses, cough, low
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extremity oedema, and cutaneous telangiectasia in a patient with a carcinoid,
and also the first to report on tricuspid valve thickening in a carcinoid patient.
Later the same year, M. A. Cassidy reported flushing and diarrhoea in a patient
who at autopsy disclosed an “adenocarcinoma’ and cardiac valvular lesions.
Based on the typical facial flush on the accompanying picture the finding was
regarded to be a carcinoid [3]. During the second half of the 20th century, new
methods were developed in the field of pathology, such as immunocytochem-
istry, autoradiography and molecular techniques that improved the under-
standing of these heterogenous tumours.

1.1.4 Somatostatin

Somatostatin was first discovered as a growth hormone (GH) inhibiting sub-
stance in extracts from the hypothalamus by Krulich et al., who named it so-
matotropin release-inhibiting substance (SRIF) [9]. It is a cyclic peptide and
the product of a single gene that encodes the 116 amino acids as a long pre-
pro-somatostatin molecule. This molecule is further processed to the pro-so-
matostatin (96 amino acids) and spliced into the end product as two/tree sep-
arate somatostatins -14 and -28a and 28b [10, 11]. The two forms are distrib-
uted broadly in the brain and in multiple tissues throughout the body [12-14]
and mainly act in a paracrine fashion. The presence of the somatostatin (SS)
in mid-gut carcinoid tumour cells was demonstrated in 6 out of 18 tumours by
Lundqvist and Wilander [15].

Somatostatin mainly works in a paracrine fashion, eliciting a multitude of
functions, and is rapidly degraded after release (less than 3 minutes half-life).
Apart from inhibiting GH, it inhibits the action of multiple other hormones,
such as thyrotropin, corticotrophin-releasing factor, adeno-cortico-trophic
hormone, insulin, glucagon and secretin. Furthermore, somatostatin reduces
the mesenteric blood flow, inhibits gastric motility and the production of gas-
tric acid and bile [14, 16]. It is further able to modulate the immune response
[17] and acts on the Ca** canals and inhibits cell proliferation [14]. Somato-
statin is also involved in various brain activities, with effect on motor, sensory
and cognitive functions [18, 19].

It was early demonstrated that extracts comprising native somatostatin de-
creased the symptoms in patients with acromegaly [20]. However, the extracts
had to be infused intravenously and the effect only lasted a couple of minutes,
due to the rapid degradation of the natural peptide.

1.1.4.1 Somatostatin Analogues

The search for a synthetic somatostatin analogue (SSA) with prolonged action
was solved by Sandoz Ltd., the first company to present a more stable SSA,
the octapeptide octreotide, the use of which primarily was focused on the re-
lease of acromegalic symptoms [21]. Newer, more long-acting somatostatin
analogues have since then reached the market, and octreotate and lanreotide
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bind with various affinity to the various somatostatin receptors (SSTR) sub-
types [22].

Lately, biometric modelling has been tested for the search for effective long
-acting SSAs to identify the attachment grove for the agonist on the SSTR
[23].

1.1.4.2 Somatostatin Antagonist

By a slight modification of octreotide, Bass et al. could show that the molecule
was converted from a receptor agonist to a receptor antagonist, with high af-
finity for the SSTR [24].

1.1.5 Somatostatin Receptors

A decade after the identification of SRIF, it was demonstrated that somatosta-
tin (14 and 28) showed tissue specific binding [25]. The first SSTR identified
1978, was shown to belong to the G-protein coupled seven transmembrane
domains receptor family [26]. The existence of SSTR in various endocrine
tumours was later demonstrated by Reubi et al. who, based on their findings,
foresaw the possibility that, a new type of classification of the carcinoid tu-
mours would develop [27]. Based on their results from experiments with im-
munocompetent T- and B-cells, Sreedharan et al. the same time suggested the
presence of more than one SSTR type [28]. Later molecular techniques con-
firmed the existence of five main SSTR sub-types, with SSTR sub-type 2 fur-
ther divided into 2a and 2b, all of which were products of separate genes
(SSTR,/14, SSTR,/17, SSTR3/22, SSTR4/20 and SSTRs/16) [29, 30]. All
SSTR were found to be widely spread in the central nervous system and most
organs and tissues of the body, however in different combinations.

1.1.6 Agonist Receptor Interaction.

Interaction: In the end of the 20" century, it was known from in vitro studies
that hormones were internalised into the target cells [31]. Viguerie et al.
demonstrated that the same process applied to the coupling between the SSA
and the SSTR in vitro in pancreatic acini cells [32]. Almost a decade later, this
was also confirmed in human carcinoid cells by Anderson et al. [33].

Response to stimulation: Simultaneously, Hukovic et al. verified that chronic
treatment with a short-acting SSA agonist, affects the production of the dif-
ferent SSTR sub-types. The hSSTR3 and hSSTRs were readily internalized
without any upregulation, hSSTR, and hSSTR4 presented a moderate level of
internalization with some upregulation, but hSSTR; failed to internalize, and
presented a marked upregulation [34]. It was also demonstrated that radio-
labelled agonists, showed slightly lower affinity for the SSTR, receptor than
the native (non-labelled) agonists and that an excess of unlabelled agonists
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can displace the radio-ligand receptor binding to SSTR within 10 minutes after
injection [35-37].

The intracellular transport. The fate of the radioligand, after internaliza-
tion was addressed by Koenig et al., who in vitro found a dynamic cycling and
recycling of the agonist-receptor complex between the cell surface and the
intracellular compartments [35]. By using radiolabelled iodine (‘*I) somato-
statin-14 and the SSA (BIM-23027) it was demonstrated that the influx is en-
ergy dependent, and occurs via clathrin-coated pits. They could also show that
the rate of dissociation and recycling depended on the strength of the agonist-
receptor binding and varied for different analogues and radioligands. Alterna-
tively, when identified as non-functional, the receptor can be rerouted to lyso-
somes for degradation [38]. In cell experiments and in tumour xenografts in
rats, Froidevaux et al. could demonstrate, that after withdrawal of peptide
stimulation, the total body of receptor types (SSTR 1-4) is restored within 16
to 24 hours, due to either recycling or de novo syntheses [39]. SSTRs is the
only receptor subtype that has an internal receptor pool, which is rapidly acti-
vated to restore the membrane pool after depletion [40]. Continuous long-term
exposure to agonists, result in SSTR» receptor up-regulation, more pro-
nounced in tumours than in normal tissues [39], contrary to that for most of
the other SSTR sub-types. Internalization and the intracellular progression of
the receptor has recently been found dependent on the recruitment of actin
fibres from the cytoplasm by the cytoskeleton protein filament A (FLNA) and
their migration to the clathrin coated pits. After the internalization process, the
receptor signalling is neutralized by the recruitment of the B-arrestin [41].
FLNA is similarly important for the receptors to progress from the peri-nu-
clear endoplasmic reticulum back to the outer cell membrane [42]. The C-
terminal of the SSTR is shown to be of importance for the intra-cellular pro-
gression from early to late endosomes and for the transfer from late endosomes
to the perinuclear area in the trans Golgi network [43].

1.1.7 Antagonist Receptor Interaction.

Interaction: The antagonist molecules are considered to engage a variety of
receptors, other than the SSTR, and more than one at a time. The antagonists
are believed to bind to both active and inactive SSTRs, and mainly remain
bound on the surface membrane of the cell for a longer period of time [44].
Thus, even though each antagonist shows a lower affinity than the agonist to
the specific SSTR,, they appear to stay connected to the cell surface up to 72
hours [45].

Response to stimulation: In contrast to the agonist, antagonists mostly re-
main attached to the surface membrane, and does not elicit any internalization
[24]. Dalm et al. found that the radiation dose in tumour cells when using
'""Lu-antagonists, in vitro and in vivo, was higher than that of the agonist
""Lu-DOTATATE, and even resulted in 50 to 60 percent more DNA double-
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strand breaks (DSB) [46]. Presently, the agonist, JR11 has shown to be the
most effective antagonist in preclinical trials, and is tested for imaging by Fani
et al. [47]. However, the conundrum with the long-time binding of agonist
when used for peptide receptor radionuclide therapy (PRRT), is how sensitive
normal tissue, such as the kidneys and bone marrow, can be protected.

1.1.8 Tumour Micro Environment (TME).

Cancerous transformed cells in tissues attract a mixture of supportive cell
types, and create a micro-environment consisting of a variation of cell types
engaged in cross talks [48]. An extensive review states that: “TME encompass
immune cells, blood vessels, extracellular matrix (ECM), transformed fibro-
blasts, lymphocytes, bone-marrow-derived inflammatory cells, signalling
molecules and a multitude of growth factors” [49]. Cancer-associated fibro-
blasts (CAF) provide the extracellular matrix and the alfa-smooth muscle ac-
tin-positive myofibroblasts stimulate growth of tumour cells through para-
crine mechanisms [50].

The high demand for oxygenation is a stimulus for rapidly growing faulty
tumour vessels, with incompletely formed wall structures, that leak and col-
lapse and thus fail to sufficiently oxygenate the tumour tissue. Consequently,
the metabolism turns anaerobic leading to an acidification of the tumour com-
plex. Additionally, the vessel leakage creates a raise in the intra-tumoral pres-
sure, which further reduces the oxygen transport, adding to the acidification
[51, 52]. A notable exception from this rule is presented in well-differentiated
pancreatic NETs (P-NETs), that demonstrate a strikingly high vessel density
of a mature type, that separates them from most other epithelial cancer types,
and this is called the neuroendocrine paradox [53].

Although debated, the possible existence of a cancer stem cell (CSC) has
been suggested. The CSC is assumed to sustain hypoxia, to survive in a
dormant form, and is believed to initially have a multi-potent capacity to mi-
grate and produce metastases [54, 49]. As the low multiplication rate length-
ens their time for DNA repair, the CSC is more refractory to conventional
radioactive- and chemotherapy [55].

The accumulation of knowledge regarding the tumour microenvironment
in NENSs is in its beginning, however, compared to most common solid tu-
mours, the infiltration of immunological cells varies between NEN types and
among different NEN grades. Major differences between P-NETs and small
intestinal NETs (SI-NETs) have been shown; in general, P-NETs, demonstrate
a higher density of mature blood vessels [53] while SI-NETs express an in-
creased production of interstitial fibrotic tissue [56, 57]. This discrepancy is
likely to result in differences regarding the oxygenation of these two tumour
types as well as a difference in the stress and sheer forces created in the TME
between these two NET types. Thus, due to the better vascularization and lim-
ited degree of fibrosis in P-NETs, their intra-tumoral pressure might be lower
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than in SI-NETs, possibly facilitating the access of therapeutic agents in P-
NETs. This could be an explanation to the more rapid shrinkage of P-NETs in
response to PRRT, than in the more fibrotic and poorly vascularized SI-NETs
[58-61].

1.2 Classification of NENs
1.2.1 History in brief

The histo-pathological complexity of the carcinoid cells with the combination
of endothelial and neuroendocrine traits has created a challenge to the under-
standing of their embryonic origin, a conundrum that is still unsolved, alt-
hough many suggestions have been presented through the century.

During the histochemical era, any of the tree embryonic layers were sug-
gested to be the origin; endodermal (Feyrter 1938), neuroectodermal (Pagés
1956), neuroendocrine-programmed epiblastic ancestors (Pearse 1980), who
earlier (1968) had proposed the “amine precursor uptake and decarboxylation”
(APUD) cell system concept (Pearse 1980).

A more clinically oriented approach for classification, was based on the
embryologic structures from which the affected organs are formed, the fore-
gut, midgut and hindgut. Later, in 1997, J. Soga and Y. Yakuwa initiated a
pathological classification based on the specific growth pattern of the car-
cinoid tumour; insular, trabecular, glandular, mixed or undifferentiated, which
is still in use [3].

Soon after the report on an atypical carcinoid tumour of the lungs, by MG
Arrigoni (1972), it became clear that carcinoids are not confined to the gastro-
entero-pancreatic system only, but can develop in virtually any organ or tissue
of the body [62]. The NENs appear as hybrids and simultaneously present
typical characteristics of neuroendocrine properties, but also the characteris-
tics of the organ of origin. This made NEN categorization difficult, and in the
first classification from World Health Organization (WHO) (1980) the term
carcinoid was used for most tumours of the neuroendocrine system, although
excluding endocrine tumours of the pancreas, thyroid, paragangliomas, small-
cell lung carcinomas and Merkel cell tumours of the skin. Later, WHO based
the sub-classification on histo-pathological staining techniques and disre-
garded the classification founded on the embryonic gut [62]. Based on the new
methods in the field of pathology, developed during the second half of the
20th century, it was demonstrated that tumours with endocrine properties rep-
resented a larger variation than covered by the specific term carcinoids. Thus,
a more appropriate term “neuroendocrine tumours” was suggested by Capella
et al. who advocated a new classification based on the specific growth patterns
and level of differentiation of the tumours which also could be correlated to
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clinical outcomes [62]. These terminological suggestions were then adopted
in the 2nd WHO edition of 2000.

1.2.2 Present Time

In the most resent version of the Sth WHO edition and it’s International
Agency for Research and Cancer (IARC) edition, a new term “neuroendocrine
neoplasm” (NEN) is proposed. This term includes the well-differentiated neu-
roendocrine tumours (NETs) with a low mitotic activity together with the
poorly differentiated neuroendocrine cancers (NECs), characterized by a high
mitotic activity. The nomenclature aims to combine tumours that mainly con-
sist of neuroendocrine cells, and excludes tumour types with merely scattered
nests of neuroendocrine-like cells and was up-dated by Rindi et al. 2022 [63].

Most NETSs are slow growing and heterogenous as regards presentation and
prognosis [64, 65]. They are mostly found in the lungs and upper gastro-intes-
tinal tract, and 40 to 60% of the latter give rise to hormonal symptoms [66,
67]. The characteristic carcinoid syndrome (flushing, diarrhoea and broncho-
constriction) derives from serotonin-producing tumours primarily in the SI-
NET. The symptoms appear when the hormonal production exceeds the met-
abolic capacity of the liver, and seldom occur prior to liver metastasis [66, 68].
Only tumours that give rise to hormonal symptoms are called functional, alt-
hough non-functioning tumours biochemically may show apparent hormonal
production, as commonly found in many P-NETs [69, 70].

The NEN classification is currently based on a combination of differentia-
tion and mitotic activity, or the amount of Ki-67 protein as measured by im-
munohistochemical staining in specific hot spots of a tumour specimen. NENs
of the abdomen are divided into four groups, the first three constitute well
differentiated NETs; grade 1, G1 (Ki-67 < 3% / mitotic index < 2 mitoses /10
high power fields (hpf); grade 2, G2 (Ki-67 3-20% / mitotic index 2-20 mi-
toses/hpf); grade 3, G3 (Ki-67 > 20% / mitotic index > 20 mitoses/hpf) and
regular growth pattern. The fourth group (G4) constitutes the poorly differen-
tiated neuroendocrine cancers (NECs) (Ki-67 > 20%) with irregular growth
pattern. This grading system provides important prognostic information for
both SI- and P-NET patients [71, 72]. Well differentiated NET tends with time
to migrate from lower (G1) to higher (G3) grades, but do not dedifferentiate.
Based on the genetic differences between the well differentiated NETs and the
poorly differentiated NECs, the latter are regarded as an entity of its own, and
not an end stage of earlier well differentiated NETs [1]. The genuine differ-
ence between NET and NEC has recently been further proven through genetic
studies by van Riet et al. [73]. They argue that it is possible to distinguish
between the largest two well-differentiated NET groups (pancreatic and small
intestinal) based on somatic mutation and copy-number profiles [73].
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1.3 Characteristics of Pancreatic (P-) and Small
Intestinal (SI-) NETs

1.3.1 P-NETs

Well differentiated P-NETSs seldom present with hormonal symptoms (90%)
in spite of their often biochemically apparent hormonal production, and are
consequently classified as non-functioning [74]. Functioning P-NETs give
rise to specific hormonal symptoms characteristic for the particular tumour
cell types. Insulinomas cause hypoglycaemia, glucagonomas result in hyper-
glycaemia and VIP-omas give rise to watery diarrhoea, hypokalaemia, achlor-
hydria (WDHA syndrome) and dehydration, flushing, hypercalcemia and hy-
perglycaemia. Due to the hormonal symptoms, patients with functional P-
NETs often present at an early stage in the tumour development, when the
tumours mostly are small, and may be a challenge to visualize. The most com-
mon functional P-NET, the insulinomas, are generally semi-malignant (90-
95%), and are frequently less than 1 cm in diameter when they give rise to
symptoms. The few insulinomas that are malignant, create more severe hypo-
glycaemia and are mostly larger at diagnosis, when they often have metasta-
sized [75].

The non-functioning P-NETs are usually large at diagnosis, and frequently
discovered due to local symptoms of mass effect, and because of overgrowth
to adjacent organs. Generally, P-NETs in the early stage metastasize to re-
gional lymph nodes and the liver, and in later stages to bone and lungs. Most
P-NETs do not have an active gene for fibrotic tissue production, however
there is a recently discovered version of small (< 2 cm) duct-related P-NETs
that are actively producing fibrotic tissues, similarly to SI-NETs, and are de-
noted sclerotic P-NETs [76]. The majority of P-NETs (90%) appear without
connection to any genetic disorder [77]. In one report, three genetic subtypes
of P-NETs were identified, that corresponded to three typical presentations;
the insular/insulinoma variant characterized by a low grade and reduced met-
astatic activity, the more high-proliferative, metastasizing, P-NET and the in-
termediate intense version of MENI1-like P-NET, that often is hereditary
linked [78]. In sporadic, well-differentiated P-NETs, about half lack genetical
changes, indicating that epigenetic changes are thought to play a key part in
the cancerous transformation [79]. Recently a whole-exome and whole-ge-
nome sequencing of 85 various advanced NENSs, revealed a characteristic dif-
ference between P-NETs and SI-NETs and underlined the heterogeneity of the
NET population [73].

1.3.2 S-INETs

Primary SI-NETs are situated in the wall of the small intestine, and most likely
arise from the enterochromaffin (EC) cells, although by the present WHO
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definition (please see 1.1.1) they could possibly arise in any epithelial cell type
of the intestinal wall. Often, multiple primary tumours are found in the intes-
tinal wall, raising the unanswered question whether the satellites constitute
local metastases from a single primary tumour, or if one single event, with the
appearance of multiple synchronous tumours, is the likely explanation. Even
though SI-NETSs generally are slow-growing they often metastasize to the liver
and regional lymph nodes, even at a very small size [50]. The majority of SI-
NETs are serotonin producing, giving rise to one or more of the typical car-
cinoid symptoms (flushing diarrhoea and oedema) (please see 1.1.3.2 and
1.2.2).

Serotonin has further been demonstrated to stimulate the expression of col-
lagen producing genes in mesenchymal tissues and cardiac fibroblasts, that
thickens the tricuspid valves [80]. Serotonin furthermore causes a transfor-
mation of pulmonary artery adventitial fibroblasts, that promotes a phenotypic
change where extra cellular matrix accumulates, which in itself causes pulmo-
nary hypertension. This will in addition lead to the valvular fibrotic thicken-
ing, to tricuspid stenosis and heart failure [81]. It has been demonstrated by
Cunningham et al. that the gene for fibroses is activated in SI-NETs [57],
which may explain why the SI-NET micro-environment comprise more fi-
brotic tissue than that in most other NEN types, as was appreciated already by
T. Langhans in 1867. The SI-NET genetics is not as well comprehended as
that of the P-NETs, however loss of chromosome 18 appears to be a common
finding (60%-90%), the significance of which is unclear [82]. Further, pro-
gressive change in the methylation index between primary tumours and their
corresponding metastases, might indicate an epigenetic dysregulation of SI-
NETs [83].

1.4 Epedimology

1.4.1 Incidence/ Prevalence

Although still rare, there has been a constantly growing, age adjusted, yearly
incidence of NENs from 1.09 per 100,000 inhabitants in 1973 to 6.98 in 2012,
as reported by Dasari et.al. from the Surveillance, Epidemiology and End Re-
sults database (SEER) covering 39% of the US population. The largest in-
crease in incidence was in the age group > 65 years [84]. However, already
1976 a Swedish autopsy study covering the years 1958-1969 presented a
yearly incidence of 5.4/100 000 inhabitants [85]. During the following period
(1970-1982) the combination of autopsy findings and clinical cases confirmed
a similar rate of incidence of SI-NETs (5.33 per 100,000) in a Swedish popu-
lation [86]. A study based on a commercial database in the US (Explorys Inc,
Cleveland OH) Saleh et al. report a yearly incidence of 9.2/100,000 between
2012-2017, for SI-NETs only, and estimated a yearly rate of new cases to be
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14.2/100,000 between the years 2016-2017 [87]. Multiple studies report an
increasing NET incidence from several countries and continents, such as Aus-
tralia [88], Norway [89] and Taiwan [90]. It is nevertheless a challenge to
compare NEN incidence over time, due to differences in classification and
grading over the decades (please see 1.2.1). Further, it is difficult to separate
the true incidence from the influence of improved detection rates because of
better diagnostic tools, such as multi-detector computed tomography
(MDCT), high field strength magnetic resonance imaging (MRI), diffusion-
weighted MRI, endoscopic ultrasound [84, 91] and positron emission tomog-
raphy (PET). Possible environmental etiological factors have been speculated
on, although no consensus has been reached in this regard. In the SEER study
2014, broncho-pulmonary NETs were found most frequent, SI-NETs and rec-
tal NETs were the second most common, followed by P-NETs. However,
when SI-NETs and P-NETs were combined into one entity, gastro-entero-pan-
creatic NETs, (GEP-NETs), these were found most common [84]. The slow
tumour growth and improved treatments have resulted in 0.048% prevalence
in the US population in 2012, and was anticipated to result in 171 321 cases
by 2014 [84]. The existence of a racial difference in the US prevalence is also
observed [87].

1.4.2 Risk factors

Few studies comment on risk factors for NET development and, due to heter-
ogeneity and often low statistical power in these studies, the results must be
regarded as merely indicative. The majority of NET patients are old, with the
largest prevalence (30%) in the age group of 75 to 79 years, and a median age
of 63 years [91], which makes old age a classic risk factor [87]. Sporadic P-
NENSs and SI-NENs seem to have similar risk-factors, and the second most
common is to be a first degree relative with a cancer diagnosis, followed by a
history of recurrent pancreatitis, especially for P-NETSs. Diabetes and/or obe-
sity and the combination of heavy smoking and high alcohol intake are also
regarded as risk-factors [92-95, 87]. No environmental risk factors have so far
been identified [96].

NETs in the young are regularly associated with a specific genetic disorder,
such as multiple endocrine neoplasia (MEN) 1 and 2, mainly in combination
with P-NETs [91], von Hipple-Lindau’s disease, Tuberous Sclerosis and Neu-
rofibromatosis (Mb Recklinghausen) [87]. In MEN 1 patients, P-NETs are
mostly slow growing, non-functional and multifocal [82, 97]. About 10% of
patients with von Hipple-Lindau’s disease [98], and 1% to 5% of those with
Tuberous Sclerosis [99] develop P-NETs, whereas in Neurofibromatosis only
sporadic cases of P-NETs occur [100].
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2 Symptoms

2.1 P-NETs

The majority of P-NETs are non-functional and indolent, in spite of overpro-
duction of hormones. Consequently, most patients seek medical attention at a
later stage, primarily due to abdominal symptoms, because of tumour over-
growth and/or local symptoms of mass effect by the tumour (please see 1.3.1).
About 10% of the P-NETs present with hormonal symptoms, making the pa-
tient prone to seek early medical attention [75]. The insulinomas are the most
frequent functional P-NETs, leading to low glucose levels which patients self-
medicate by eating. The rest of the P-NETs are rare, and usually present with
metastases at diagnoses, such as VIP-oma associated with the WDHA syn-
drome (please see 1.3.1), glucagonomas causing diabetes and with a charac-
teristic rash, and the gastrinomas often related to MEN 1 [101, 65, 75], fol-
lowed by about 10 more extremely rare pancreatic NENs.

2.2 SI-NETs

The majority of SI-NETSs give rise to subtle, atypical easily misinterpreted
discrete symptoms, caused by more common and benign diseases [102]. It
takes on average of 5-7 years for diagnosis, from the start of symptoms, due
to the combined patient’s and doctor’s delay [65], hence there are often meta-
static lesions when the diagnosis is finally made [70]. When the carcinoid syn-
drome appears, with flushing, diarrhoea and wheezing (please see 1.3.2) the
capacity of the liver to degrade excessive serotonin production is outgrown
and the syndrome may be combined with carcinoid heart disease [103]. Other
late symptoms are abdominal pain, because of mesenteric metastasis with in-
testinal obstruction and/or venous ischemia due to fibrotic strangulation of the
intestinal and/or mesenteric veins, and ultimately weight loss [70]. Occasion-
ally, small SI-NETSs can be discovered incidentally at the earliest stage, during
open surgery e.g., cholecystectomy, or found at the pathological examination
following appendectomy, or on CT or MRI performed for other reasons.
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3 Diagnosis

3.1 Nuclear Medicine Imaging History

In the middle of the 20th century, low energy y-emitting iodine was adminis-
tered to patients to be incorporated in the thyroid, and the radioactive uptake
was measured by 2D planar imaging (scintigraphy). The acquisition technique
was developed applying single-photon emission computed tomography
(SPECT), whereby the detectors were stepwise rotated around the patient, to
acquire cross-sectional 3D images.

Later, at the end of the 20th century, clinically applicable positron emission
tomography (PET), scanners were developed, with higher spatial resolution
than SPECT.

3.1.1 Radioactivity in Medicine

X-rays, y-rays and B-rays (B"and ") all represent “energy packets”, although
created in different ways and with different wave lengths and penetration. X-
rays are produced through the acceleration of electrons to a high energy level
before sending them off to a full stop in a heavy target that mostly consists of
tungsten or gold. Parts of the incoming energy in this target is converted to X-
rays, resulting in a scattered energy bundle of photons with various wave
lengths, ranging between 1,24 and 124 keV. By contrast, y-rays, are emitted
from a nucleus with an imbalance between neutrons and protons. Any unbal-
anced nucleus strives for stability in either of two ways depending on whether
the imbalance is due to the excess of neutrons or protons. In case of an extra
neutron, it will convert to a proton by the emission of an electron (137). Such
decay most often results in an exited (instable) daughter nucleus that instantly
emits a y-ray (photon) to regulate the energy surplus. Conversely, an unstable
nucleus equipped with an extra proton, accordingly sends out a positron (B%).
This positron has a similar size but a higher energy compared to that of an
electron, but with opposite charge. When such positron travers the tissues, it
loses energy and starts to interact with any surrounding electron (37) with an
equal spin. The opposite charges will result in an annihilation of the two dif-
ferent B-particles. This process results in the emission of two high energy (511
keV) photons (y-rays) that travel in opposite directions (180°). A PET camera
is constructed with several rings of detectors that only register photons which
simultaneously (within a few nanoseconds) reach two detectors, a so-called
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line of response. All these lines of response, registered during a PET exami-
nation, are reconstructed into a 3D image volume of the patient. Any annihi-
lation that sends out their photons with angels apart from 180 degrees may be
registered by the PET camera (scatter). Also, photons from two different an-
nihilation processes can create a false line of response (randoms) which result
in indistinct imaging and are corrected for in the image reconstruction. Radi-
onuclides emitting photon (B37) are used for radionuclide therapies (please see
4.2222.1).

3.1.2 Biological effects of Photons

Photons exert indirect effects on biomolecules, and give rise to one of two
processes, the Compton process or the photoelectric absorption process, and
they are both able to damage biomolecules.

The Compton effect occurs when the incoming energy is absorbed by a
loosely bound electron in the outer shell, which is converted to a fast electron
that leaves its position while simultaneously emitting a photon with a long
wave-length with low energy.

The photoelectric absorption process occurs when the incoming photon en-
ergy interacts with an electron in one of the inner electron shells (K, L or M),
releasing an electron from its orbit and converting it to a fast electron and
emitting a long-wave photon. The remaining vacancy in the inner shell is
promptly filled, either by an electron from any of the outer shells of the same
atom, or by an electron from outside. This filling in process, of an electron
traversing from a higher to a lower energy level also reduces a surplus energy
of the electron by emitting a low energy photon.

The fast electrons, are the ones that cause biological damage, and they act
similar regardless of the source. Water, comprising about 60% of the body,
offers the fast electron the most abundant molecule to engage with. When this
happens, the water molecule becomes ionized and converts to a free radical
(H50"), which instantaneously reacts with a neighbouring water molecule
(H20) to create a free hydroxyl radical (OH"). The OH-radical is able to diffuse
in a volume with a radius of about 1 nm, and may react with a DNA molecule,
to create DNA strand breaks. Single strand DNA brakes are usually reparable,
while the double strand breaks are lethal to the cell, either momentarily or in
the long run.

3.2 Nuclear Medicine NET Imaging
3.2.1 History

Nuclear medicine imaging utilises radiolabelled molecules (and sometimes a
radionuclide alone) which are administered to the patient, usually
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intravenously, to engage with a specific cellular receptor, substances or bio-
logical process within the body. Their distribution in the body is registered by
using a gamma-camera or a PET-camera.

Inspired by Sisson et al. [104] who showed that the radio-iodinated amine
precursor analogue (**'I-meta-iodobenzylguanidine, *'I-MIBG) could be in-
corporated in tumour cells with neurosecretory capacity in the adrenal medulla
and in pheochromocytomas, Hoefnagel et al. demonstrated that this was true
also for certain NETs, and performed the first clinical functional imaging of
carcinoid tumours with *'I-MIBG scintigraphy. [105].

Parallel in time, the Krenning group in Rotterdam developed a radio-io-
dinated somatostatin analogue ([ Tyr3]-octreotide) focusing on the SSTR over-
expression in most carcinoids [106]. Shortly thereafter, they switched radio-
iodine to using Indium-111 ('''In) as the label, to create '''In-DTPA-oc-
treotide with longer half-life, more favourable excretion pattern and less liver
toxicity [107]. Similar in time, the PET group in Uppsala reported the results
from a study using the newly developed PET tracer ''C-5-hydroxy-tryptophan
("'C-5-HTP), thus exploring the APUD concept in carcinoids, i.e., their capac-
ity for amine precursor uptake and decarboxylation. ''C-5-HTP-PET showed
higher detection rate than CT and '''In-DTPA-octreotide scintigraphy in sev-
eral different NET types [108]. Because of the complicated radiosynthesis,
"'C-5-HTP-PET have been restricted in availability, and used in merely two
European centres. The further development of the hybrid PET/CT systems im-
proved the diagnostic precision and confidence. The major step in PET/CT
imaging of NETs was the development of the gallium-68 (°*Ga)-labelled so-
matostatin analogues, ®*Ga-DOTATOC, ®*Ga-DOTATATE and ®*Ga-DOTA-
NOC. The use of gallium-68 became widely available and have the advantage
of being produced locally in a generator, without the dependence of an in-
house cyclotron [108].

3.2.2 Present time

PET/CT with ®*Ga-DOTA-somatostatin analogue (SSA) is currently the most
used nuclear medicine method for diagnosing well-differentiated NENs, the
majority of which show an abundance of SSTR. PET/CT has almost totally
replaced scintigraphy with indium-111 pentetreotide previously used to select
patients for PRRT, whereby the uptake in the tumours in relation to that in
normal liver parenchyma was assessed according to the Krenning score [109],
for which now instead **Ga-DOTA-SSA-PET/CT is employed. Apart from
being superior in NEN detection, with a diagnostic sensitivity and specificity
ranging between 92-100% [109], PET/CT substantially reduces the time from
tracer injection to examination from 24 to 1 hours [110, 111].

For NENSs that lack sufficient SSTR expression, alternative PET-tracers,
available in some specialized centres, are '*F-labelled L-dihydroxy-phenylal-
anine ("*F-DOPA) and ''C-labelled 5-hydroxy-tryptophan (''C-5-HTP).
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Increased metabolic activity in tissues, of any cause can be visualized by
"®F-labelled deoxy-glucose PET (**FDG-PET). A higher NET grade is often
combined with less SSTR expression, and increased metabolic activity, usu-
ally in high G2 and G3 NETs and NECs. Because of the heterogenic charac-
teristics of NETs, even low G2-NETs may be FDG-positive. Thus, the com-
bination of receptor imaging with ®*Ga-DOTATOC-PET/CT and metabolic
imaging with "*FDG-PET/CT is increasingly employed, to provide prognostic
information also on the presence of tumour cell clones with a higher degree of
malignancy [112, 113].

3.2.3 Radiolabelled Agonists for diagnosis

It has long been debated whether the tumour uptake of '''In-DTPA-octreotide
and *Ga-DOTA-SSAs can be influenced by competitive binding, through ad-
ministration of unlabelled “cold” SSA, and whether patients therefore should
discontinue their medication of long-acting somatostatin analogues before di-
agnostic imaging [114]. Dorr et al. demonstrated that five patients who con-
tinued their daily medication of 600 pg short-acting octreotide, on '''In-pen-
tetreotide scintigraphy exhibited significant lower tracer uptake in the normal
abdominal organs, resulting in better tumour visualization. They suggested
that, the cold peptide depleted the normal tissue receptors, thus enhancing tu-
mour detection, and even suggested a potential advantage of administering a
“protective” load of cold peptide at PRRT [115]. Their conclusion was that
the number of tumour receptors outnumbered those in the normal tissues, thus
the radioligand uptake in the tumours was not affected by the short-acting cold
SSA. The impact on radioligand uptake in tumours and normal tissue by add-
ing intravenous (i.v.) cold peptide in conjunction with ®*Ga-DOTATOC
PET/CT, was studied by Velikyan et al. [116] who showed decreased uptake
in the normal tissues when 50ug and 500ug cold octreotide were administered
10 minutes before ®*Ga-DOTATOC. The tumours showed an increased tracer
uptake of at the lower amount (50ug) but not at the higher dose (500ug), ex-
cept in a large P-NET with very high SSTR-expression. These findings of
competitive receptor blocking have been confirmed in two later studies [117,
118].

Insulinomas often show low or no SSTR» expression, and therefore are dif-
ficult to detect on ®*Ga-DOTA-SSA-PET/CT [119, 120]. As they usually ex-
press the GLP-1 receptor, PET/CT instead using the ®*Ga-radiolabeled GLP-
1 receptor agonists **Ga-exendin-4 have shown promising results in the detec-
tion of insulinoma [121, 122].
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3.3 Radiological NET Imaging Techniques with X-rays

3.3.1 History

Rontgen’s discovery during the late 19" century, that low energy X-rays sent
through the body could be captured on an ordinary photographic film to pro-
duce anatomical images, was within a few years implemented in the clinical
medical practice. The method favoured imaging of bone and air, and was ini-
tially used to diagnose skeletal and lung pathologies. Later, with the develop-
ment and administration of various contrast agents, the technique was ex-
tended to other applications. The registration of X-rays is, since the last couple
of decades, digitalized and the data are stored on servers and the images are
reviewed on computer monitor screens.

During the 1970™ G. Hounsfield and A. Mac Leold Cormack created a
scanner, computed tomography (CT) (Nobel Prize 1979) in which both the X-
ray source and the X-ray detector revolved around the patient, who was posi-
tioned on a bed. By stepwise moving the patient through the tunnel (gantry),
which held the X-ray tube and detector, information of the X-ray attenuation
in serial transverse sections of the body, was collected and reconstructed into
cross-sectional images. To improve the CT image contrast, an intravenous io-
dine-based contrast medium is usually administered.

3.3.2 Computed Tomography

Currently, CT is the preferred imaging method for patients with abdominal
discomfort, and has formed the basis for NET imaging. This requires i.v. con-
trast-enhanced multi-phase CT with a pre-contrast examination of the liver
followed by i.v. contrast-enhancement in the late arterial and in the venous
phase [123, 111]. Due to difficulties in identifying hypo-vascular (low blood
flow) lesions, CT shows 64-81% sensitivity [124] and 86% specificity for
NETs [111]. The downside of CT is the high radiation dose and the nephrotox-
icity of the contrast media in patents with renal impairment [125], for whom
MRI is better suited.

3.4 Imaging Techniques without X-rays

3.4.1 Magnetic Resonance Imaging (MRI)

MRI in medicine is based on the hydrogen nucleus (protons) and the way they
react to radiofrequency signals, depending on the macro-molecule into which
they are integrated. When the patient is positioned in the MR gantry, compris-
ing a high field strength electromagnet, all protons in the body are aligned
with or against the magnetic field. The minor exceeding fraction of protons
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aligned in the direction of the magnetic field are those utilized for the MRI
acquisition. By sending combinations of radio frequency (energy) signals
“MRI sequences” by means of a radio transmitter to an antenna in the gantry
(tunnel) of the magnet, the protons become excited to higher energy levels.
When the radiofrequency transmission stops, these protons return to their nor-
mal energy level and in turn emit a characteristic relaxation signal that is reg-
istered by the antenna and converted to MR images.

Standard MR sequences are based on the specific relaxation signals from
protons, depending on in which molecule they are integrated, such as water,
fat or bone. An enhanced signal can be achieved by means of intra venous
contrast media, usually Gadolinium (Gd) based, which changes the magnetic
forces locally in the tissues. By diffusion-weighted imaging (DWI), the move-
ments of the water molecules in the tissues are registered to show whether
these are free, as in urine or cysts, or restricted as in dens cellular tissues, like
in tumours, in which the abundance of cell membranes will restrict the mole-
cule’s diffusion.

The spatial resolution on MRI (about 0.5 mm) is less than that of CT (about
0.1 mm), and an MRI examination regularly requires 0,5-1h, or more for some
whole-body acquisitions, as compared to CT 5-15 min. However, MRI offers
better tissue contrast and provides vastly superior imaging of the liver, bone
and CNS compared to CT. Further, MRI can supply more imaging information
than CT without the use of contrast media, and is therefore better suited in
patients with kidney impairment and those with severe adverse reactions to
CT contrast media. Since MRI does not expose the patients to radiation, it is
advantageous in the younger, especially in those who undergo long-term fol-
low-up.

The most serious limitation of MRI is with the existence of magnetic metals
implants in a person, that can create image artefacts and sometimes be dis-
placed by the strong magnet field. Also, some medical devices may be sensi-
tive to the magnetic fields, such as older types of pacemakers. Problems with
claustrophobia, that requires management, are usually more pronounced in the
longer and narrower MRI gantry than in the shorter and wider CT gantry.

3.4.2 Ultrasound

Ultrasound (US) utilizes high frequency sound to create images. The applied
frequency interval is approximately 3 to 15 MHz, i.e., far above the upper
audible limits of human hearing (20 kHz). The ultrasound transducer both
transmits the sound wave pulses into the body, and subsequently registers the
reflected sound waves of the target tissues. These echoes are then converted
through data processing to create an image. US is thus a type of sonar tech-
nique, based on the time laps for the ultrasound pulse to return from the tissue
of interest, that provides evidence regarding the distance and type of tissue,
and offers anatomical and structural information. The flow of fluids (direction
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and velocity) can be visualized by using Doppler technique. Traditional ab-
dominal non-contrast US has its limitations when diagnosing small primary
NETs, but in metastatic disease US is useful to visualize enlarged abdominal
and retroperitoneal lymph nodes and liver metastases. Contrast-enhanced ab-
dominal ultrasound (CEUS), using intravenous microbubbles, has greatly im-
proved the detection and characterization of liver lesions. US is also exten-
sively used for image guiding of needle biopsies.

Endoscopic ultrasound (EUS) is outstanding to visualize P-NETs with
higher detection rate than both CT and MR. EUS also offer the possibility for
simultaneous needle biopsies. A major draw-back of EUS is that it is invasive,
and with frequent need for sedation and/or anaesthesia [126]. Further, in-
traoperative US (IOUS) is of great value for localizing small liver metastases
and P-NETs, especially in the head of the pancreas, and is mandatory at sur-
gery in MEN-1 patients [127].

3.4.3 Conclusions on Imaging Techniques

In spite of all reports on imaging results and improved detections rates for
tumours and metastases, one has to be aware of the limitations of each of these
techniques, as excellently illustrated in a study using ex vivo thin slice pathol-
ogy following hemi-hepatectomy in NET patients, where MRI as the most
superior method yet detected less than half of the metastases identified with
the microscope [128].

3.5 Texture analysis

Recent imaging research has focused on extraction of imaging information,
beyond what can be provided by conventional reading and measurements of
CT attenuation, MRI signal intensity, PET tracer uptake etc. By the use of
specialized computer software, spatial information may be extracted on how
the image voxels are interrelated, in for instance tumour tissue, so called tex-
ture analysis, applicable to both CT, PET and MRI. Metrics for some of these
different components have been found to provide prognostic information on
progression free survival (PFS) [129]. Especially entropy, at the base line
PET/CT examination before PRRT, has been shown to differentiate between
high-risk and low-risk P-NETSs and the patients” response to treatment [130].
Many studies have also been focused on predicting tumour grade in GEP-
NETs [131].
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3.6 Chemical diagnoses with biomarkers

3.6.1 Chromogranin A

Chromogranin A (CgA) is a water-soluble acidic glycoprotein and a secretory
product that frequently is elevated in NEN patients. Historically, it was sug-
gested to be a specific secretion product of the NENs [132], but was later
found to be elevated in a multitude of diseases such as atrophic gastritis, and
in patients treated with proton-pump inhibitors [133], in inflammatory bowel
disease, and renal failure [134] and in liver and heart failure. CgA is a secre-
tory product and as such, it does not conform to any of the eight hallmarks of
cancer, and is an unsuitable tool for evaluating such a heterogenous entity as
NENSs [48, 135]. Furthermore, the CgA measurements are performed with dif-
ferent assays and numerous commercially available kits, preventing direct
comparisons between studies performed at various centres [136]. CgA thus
fails to comply with the National Institutes of Health (NIH) criteria for a clin-
ical biomarker, that should objectively measure and evaluate a pathological
process (Biomarkers Definitions Working 2001). Accordingly, a recent pro-
spective multicentre study merely showed a weak association between the
changes in CgA levels and tumour burden [136] and one study concluded that
CgA alone is inadequate to predict tumour progression [137].

3.6.2 5-hydroxy-indole acetic acid

5-hydroxy-indole acetic acid (5-HIAA) is the metabolite of serotonin (5-hy-
droxy-tryptamine), which is converted in the platelets and tumour tissue and
excreted through the kidneys, and is primarily found in patients with function-
ing SI-NETs. Since the serotonin production varies during the day and night,
the most reliable measurements are achieved by 24-hour urinary collection.

3.6.3 Upcoming biomarkers Genetics.

The genetic mapping of NENs has developed substantially over the years, and
circulating gene products from NENs can now be identified in blood samples
(liquid biopsy) using gene expression assays, showing 90% sensitivity and
specificity for NETs [138, 139]. The NETest constitutes of a battery of gene
products that represent growth factors (growth factor signalome) and meta-
bolic factors (tumour metabolome). An elevation of these gene products has
been noted almost a year before any sign of tumour progression can be iden-
tified by imaging [140]. The NETest has also been found to correlate with the
outcome of therapeutic interventions such as surgery and PRRT. Recently, the
genomic exploration of P-NETs has revealed new possible biomarkers regard-
ing the stage of dedifferentiating of the tumours that might be useful as up-
coming biomarkers [141].
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As the genetics methods develop, more insight is gained regarding the devel-
opment of NETs and their tumour environment. This is especially the case for
P-NETs, and a recent work demonstrated the genetic basis for the dedifferen-
tiation responsible for the metastatic capacity in P-NET type [142]. This is just
a beginning, or the beginning of the beginning, and in the future, we are likely
to see new biomarkers and even new grounds for NET classification, more
related to prognosis and outcome [143].

3.7 Pathology Examinations

3.7.1 Histology and Immunohistochemistry

The grading of NENs is based on biopsy from a tumour specimen or a needle
biopsy, to determine the tumour differentiation either by the number of mi-
toses (mitotic index), or the Ki-67 index. The Ki-67 is a nuclear protein asso-
ciated with cellular proliferation, and is present in all active cell cycle phases
except the quiescent (GO) (please see 1.2.2). It is measured by immunohisto-
chemistry techniques using a specific mouse antibody [144] and the fraction
(%) of stained cells is counted in a hot spot of 500 tumour cells [144]. The
mitotic index is defined as the percentage of mitotic cells in a hot-spot area of
10, non-overlapping, consecutive high-power fields. Furthermore, the charac-
teristic growth pattern of the tumour, such as acinar, insular, trabecular type,
or undifferentiated growth is also analysed for the classification.

The presence of synaptophysin, a glycoprotein stored in the synaptic vesicles,
in the tumour is also detected by immunohistochemistry, and constitute a
strong indication of a NEN.

3.8 Tumour grade and tumour staging

Apart from NEN differentiation and grade (G1-G3) the primary tumour is
staged based on specimens from surgery and/or imaging, according to the lo-
cal growth of the tumour (TX-T4) in relation to their organ of origin, the num-
ber of regional metastatic lymph nodes (NX-N1) and metastatic spread to dis-
tant organs (M0-M1). Locally growing NENs (TX) are often accidentally
identified on imaging or at open surgery, performed for other causes, or are
found because of hormonal symptoms, typically with benign insulinomas and
pituitary adenomas. Because of the generally discrete symptoms from NENS,
they have in about half of the patients already metastasized at the time of
presentation, often to regional lymph nodes and the liver in about half of the
number of patients.

The TNM staging varies for different organs, as listed in Table 1.
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Table 1. TNM classification for abdominal NENs adapted from the Swedish national
treatment recommendations for neuroendocrine tumours of the abdomen.

Primary Tumour (T)

Pancreas TX The primary tumour cannot be evaluated

TO The primary tumour cannot be found

Tis Carcinoma in situ

T1 The tumour is constrained to pancreas and <2 cm

T2 The tumour is constrained to pancreas and > 2 cm

T3 The tumour growth is beyond the pancreas but does
not engage the celiac artery or the superior mesenteric
artery

T4 The tumour involves the celiac artery or the superior

mesenteric artery

Primary Tumour (T)

Small Intestine  TX  The primary tumour cannot be evaluated

TO The primary tumour cannot be found

T1 The tumour invades the lamina propria and submucosa
andis<1cm

T2 The tumour invades the lamina propria and submucosa
oris>1 cm

T3 The tumour penetrates the muscular propria and into
the subserosa but not through it.

T4 The tumour penetrates the serosa entirely and invades

other organs.

The N and M classification is similar for all organs and NENs
NX Regional lymph nodules cannot be evaluated
NO No regional lymph node metastases

N1 Nodular lymph node metastases

MO No distant metastases
M1 Distant Metastases
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The combinations of the TNM stages identifies the overall tumour stage

(Table 2).

Table 2. Disease staging for endocrine tumours of the abdomen, [145].

Stage Primary tumour N-regional node M-distant metastases
1 Tl NO MO
JIV:N T2 NO MO
1IB T3 NO MO
1ITA T4 NO MO
111B Any T N1 MO
v Any T Any N M1
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4 Treatments

4.1 Surgery

4.1.1 Primary tumour

Surgery is the only curative NEN-treatment, provided the tumour is discov-
ered at an early stage. Occasionally small primary SI-NENs are found and
resected at open surgery for other causes, or found at pathological examination
of a resected appendix. The treatment of small (< 2cm), low-grade, non-func-
tional P-NETs are controversial although the ENET guidelines allows for a
“watch-and-wait” approach [96]. Non-metastasizing insulinomas and pitui-
tary adenomas are the few NETs for which surgery always offers curative
treatment.

4.1.2 Tumour debulking procedures

Decreasing the tumour burden by cytoreductive surgery have proven favour-
able results for relieving symptom in SI-NETs, reducing 5-HIAA levels and
prolonging PFS [146, 147] and possibly over-all survival (OS).

4.1.2.1 Surgical debulking strategies mainly of liver metastasis.

Surgical debulking of liver metastatic growth, such as hemi-hepatectomy and
metastasis enucleation, has proven to be a therapeutic possibility for patients
with well-differentiated NENs and considered to improve the OS [148, 149].
In carefully selected patients, tumour reduction can also include surgical treat-
ment of peritoneal carcinomatoses and hyperthermic perioperative chemother-
apy (HIPEC) and has improved the 5-year survival [128, 150].

4.1.2.2 Non-surgical

4.1.2.2.1 Trans-arterial liver embolization

NEN patients with suitable blood vessel anatomy can be offered selective
trans-arterial treatment of liver metastases. These are exclusively supplied by
the hepatic artery, in contrast to the liver parenchyma which is mainly supplied
by the portal vein.

Embolization can be accomplished by intraarterial injection of gel-foam
(trans-arterial embolization, TAE) or by adding a chemotherapeutic agent
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(trans-arterial chemo-embolization, TACE). The process of selectively intro-
ducing an internal radiation compound to liver metastases is called selective
internal radio-therapy (SIRT), whereby *°Y imbedded microspheres are in-
jected intraarterially to deliver focused radiation to the selected metastasis
[151]. SIRT is presently regarded as a standard procedure in selected NEN
patients and mainly focus on larger metastases [149]. Selective intra-arterial
treatment of the liver with radiolabelled SSA agonists, such as '''In-DTPA-
octreotide and '""Lu-DOTATATE, has also been tried, and demonstrated a
higher degree of response in the '”’Lu-group than with '''In-DTPA-octreotide,
however, the radioactivity was mainly transferred into the systemic circulation
and not contained in the liver [152].

4.1.2.2.2 Percutaneous Cryo- and Radiofrequency ablation

Radiofrequency ablation (RFA) and cryo-ablation are procedures, guided by
ultrasound or CT, used to treat focal liver metastases. It is usually performed
as a percutaneous intervention but also intra-operatively. Microwave ablation
(MWA) offering a larger ablation area has lately replaced RFA because of its
limitation of being confined to treatment of smaller metastasis < 3-4 cm in
diameter [ 149].

4.2 Systemic treatments

Prior to the discovery of the somatostatin molecule there was little to offer
patients with carcinoid symptoms, and NET patients suffering from non-func-
tioning tumours were mostly diagnosed at operation or autopsy.

Soon after the discovery of somatostatin, extracts from peptide rich tissues
was tested as therapy for patients with acromegaly and those with the car-
cinoid symptoms. However, the therapy presented difficulties due to the ex-
tremely short half-life of the peptide (< 3min). The introduction of a synthetic
analogue octreotide in the 1980™ (please see 1.1.4.1) offered a treatment op-
portunity to low grade tumours and control of the carcinoid symptoms. This
treatment was initially regarded to prolong the over-all survival compared to
non-treated patients [153, 154], an insight that has lately been revised [155].
Currently, the management of NEN patients is a multi-disciplinary task en-
gaging surgeons, oncologists, gastro-enterologists pathologists, radiologists,
nuclear medicine physicians and physicists, which has improved the treatment
outcome and over-all survival for these patients. A vast challenge for cancer
treatment is the tendency of tumour cells to develop resistance to treatments
by developing alternative pathways for growth.
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4.2.1 Non-targeted

4.2.1.1 Chemotherapy

S-fluorouracil (5-FU), developed in the middle of 20th century, was the first
chemotherapeutic agent developed, and tested on pancreatic and gastrointes-
tinal NETs with questionable results [56]. During the coming decades innu-
merable combinations of assorted chemotherapeutical drugs were tested as re-
gards combinations, administration forms, toxicity and end points. P-NETs,
even low-grade tumours, were found to demonstrate a sensitivity to 5-fluor-
ouracil (5-FU) in combination with streptozocin (STZ) or termozolomide.
Presently, in the US, STZ, approved by FDA in 1982, is the only chemother-
apeutic agent accepted specifically for treatment of progressive pancreatic
NEC:s [156].

In Europe, however, the ENET guidelines recommend chemotherapy as a
second line therapy for P-NETs in the form of the combination of streptozoto-
cin and 5-FU or doxorubicin. However, in case of tumour-related local symp-
toms, high liver burden or rapid progression these combinations can even be
considered as a first line treatment [157]. The Swedish national guidelines on
chemotherapy closely follows the ENET recommendations but adding the
termozolomide separately or in combination with capicetabine to any P-NET.

4.2.1.2 Interferon-alpha.

During the decades before and around the turn of the century interferon-alpha
was considered beneficial in treating neuroendocrine tumours [158, 22]. At
this time interferon-alpha was further shown to result in growth inhibition
when tested in vitro on neuroendocrine cells [159, 160]. Later, a prospective,
randomized, multicentre trial demonstrated comparable results for either SSA,
interferon-alpha or the combination [161]. Due to the high rate of negative
side-effects and low anti-tumoral effect, the treatment with interferon-alpha is
no longer in use [162].

4.2.2 Targeted therapy
4.2.2.1 Non-Radioactive
4.2.2.1.1 Somatostatin Analogues (S54s)

4.2.2.1.2 History

Immediately after the release of the synthetic SSA (please see 1.1.4.1), ini-
tially developed for patients with acromegaly, it was successfully tested on
NEN patients with carcinoid symptoms and, as expected, decreased their hor-
monal symptoms. Although the early synthetic SSA had longer biological
half-life than the natural peptide, further work resulted in the development of
long-acting SSAs that could be administered monthly as a slow-release
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preparation, and further improved the patients” every-day life. The compari-
son between the two synthetic SSAs octreotide (administered s.c. every 8 h)
and lanreotide (i.m. monthly) showed similar long term symptom control in
most studies [162].

4.2.2.1.3 Present time

The synthetic SSAs primarily binds to the SSTR, and to a lesser extent to
SSTR; and SSTRs, but hardly at all to SSTR; or SSTR4. The PROMID trial
(SI-NET patients) and the CLARINET trial (gastro-entero-pancreatic NEN
patients) demonstrated longer PFS for long-acting SSAs than placebo, but did
not affect OS [163, 164, 155]. SSA treatment can cause abdominal side ef-
fects, such as nausea, diarrhoea, steatorrhea and bloating and a risk for biliary
stone and sludge [96], and therefore prophylactic cholecystectomy can some-
times be considered.

4.2.2.1.4 mTOR inhibitor

With biological macro molecules, it is possible to target dysfunctional pro-
cesses in cancer cells and specific factors that promote excessive tumour
growth, without adversely affecting the processes of normal cells. Currently,
the most successful targets are the tyrosine kinas domains and various growth
factor receptors, together with the dysregulated mTOR molecule.

Through the discovery of the rapamycin molecule (from a soil bacteria)
during the mid 21* century [165], the mTOR function in cells was mapped
and shown to be dysregulated and upregulated in many cancers. The mTOR
signalling acts as a serine/threonine and tyrosine protein kinase that drive cell
growth by its stimulating effect on protein syntheses and inhibition on autoph-
agy [166]. There are also indications that mTOR supply oxygen to tumour
cells by increasing the hypoxia inducing factor 1A (HIF 1A) translation [167].
In vivo, the mTOR inhibitor Everolimus prolongs PFS in many cancer patients
including those with NENs [168]. The drug has been approved for P-NETs
since 2011 and for advanced well-differentiated, non-functional gastrointesti-
nal (GI) and lung NENs since 2016.

4.2.2.1.5 Anti-angiogenic therapy

Sunitinib, a tyrosine kinase inhibitor that targets the platelet derived growth
factor (PDGF) receptor and the vascular-endothelial growth factor (VEGF)
was initially approved for renal cell carcinoma (RCC) and gastrointestinal
stroma tumour (GIST). Later, an extended application for unresectable or met-
astatic well-differentiated P-NETs was approved in November 2010 by the
European Commission, followed by the United States Food and Drug Admin-
istration may 2011. Sunitinib blocks the tyrosine kinase signalling and reduce
the maturation of tumour vessels [169], and significantly improves the PFS
and OS in unresectable or metastatic well-differentiated P-NET patients as
compared to placebo [170].
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4.2.2.1.6 Immunotherapy

Immunotherapies have so far shown disappointing results in regards to well
differentiated NETSs of the abdomen, as contrasted to the encouraging results
for skin NEN and the small cell lung cancer [171].

4.2.2.2 Radionuclide Therapy

4.2.2.2.1 Internal Radiation

In contrast to external radiotherapy with high Linear Energy Transfer (LET),
radionuclide therapy applies its effect through low LET by radionuclides with
a short-range decay. The exact mechanisms for the low LET effects on the
tumours are still not completely understood [172]. Low LET radiation pre-
sents specific aspects such as the radiation-induced bystander effect (RIBE),
the radiation-induced genomic instability (RIGI), the radiation-induced adap-
tive response (RIAR) and the low dose hyper-radiosensitivity that have to be
further explored. The RIBE, describe the lethal or semi-lethal influence from
a targeted cell to its neighbour cells, involving tumour cells and normal cells,
a process that might be working both ways [173]. The RIGI, refers to the in-
crease of spontaneous/stress-induced genetic lesions that can be found in later
generations of cells to those parental generations that survived irradiation of
non-toxic doses [174, 175]. Such cells will either experience a late apoptosis
or develop a secondary malignancy. The RIAR encounters the effect of radio-
resistance, which is shown in some biological systems, after being pre-ex-
posed to a low amount of radioactivity before a higher amount of radioactivity.
This is a situation often occurring in the clinical setting when an imaging ses-
sion precedes the therapy session [172, 176]. As opposed to external radio-
therapy, the fraction of the administered radioactivity taken up by the tumours
during radionuclide therapy, depend not only of the number of receptors on
the tumour cells, but also on the tumour size, the cells in the surrounding micro
environment, the tumour’s vascular supply, and the radioactivity in the normal
tissues. Furthermore, external radiotherapy delivers the radiation dose at a
short moment of exposure, whereas the highest tissue accumulation of the ra-
diolabelled preparation is found a few hours after start of radionuclide therapy,
and then with a decline, over the following days in parallel with the cellular
processing of the preparation and formation of metabolites [172].

4.2.2.2.2 Radiolabelled Somatostatin Receptor Agonists for treatment and
Peptide Receptor Radionuclide Therapy (PRRT).

4.2.2.2.2.1 History
Radionuclides can be used for both diagnostic imaging and/or therapeutic pur-
poses after being coupled to a targeting molecule that engages with a specific

cell structure or enters a biochemical pathway. In the case of SSTR targeting
of NENs, whether for imaging or treatment purposes, the radiolabelled SSA
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is immediately internalized in tumour cells after engaging with the membrane
bound SSTRs [33]. After the introduction of ['''In-DTPA-d-Phel]-octreotide
for scintigraphy of NENs [107] the same compound, although administered in
substantially higher amounts, was tested for a possible treatment effect. A 55-
year-old female with a non-functional P-NET showing increased levels of glu-
cagon and a high SSTR expression was the first patient to receive therapeutic
doses of ['''In-DTPA-d-Phel]-octreotide. The experiment turned out posi-
tively with reduction of the patient’s symptoms and this treatment was denoted
peptide receptor radionuclide therapy (PRRT). Rather soon the '''In isotope
was found to be suboptimal as a therapeutic radionuclide, due to its major
decay of y-photons and short-range of Auger electrons (nano-to micrometres)
[177] and excretion through the liver, with the risk of liver failure. Instead, the
more effective B-emitter Yttrium-90 (*°Y) was suggested for therapy [178].
However, this isotope showed to dissociated from the DTPA chelate and en-
gaged with bone. By switching the chelate to DOTA, the *°Y was, however,
stabilized [179]. *°Y is a high-energy B-emitter (934.8 keV), with a long range
in water of 3-11 mm (mean 2,5 mm in soft tissue) and a short half-life (2.67
days) but without y-photons in its decay. Parallel in time, Lutetium-177 (*""Lu)
was tested and found a more suitable alternative for therapy, due to its shorter
range, less kidney toxicity and with an additional emission of y-photons, al-
lowing schintigraphic imaging of the tissue uptake during the treatment [109].

""Lu is a low-energy B-emitter (133.1 keV) with a medium range in tissue
of 0.5-2 mm (medium 0.67 mm) and a longer half-life (6.64 days) and with
emission of y-photons [180, 181].

Radio Metal Energy/decay Range Half-life (days) | y-emission
"ndium Auger um-nm 2.8 Yes
0¥ ttrium (B) 934.8keV | 3-11 mm 2.67 No
'""Lutetium (B) 133.1keV | 0.5-2mm | 6.64 Yes

Multiple groups have, in cell cultures and in vivo, analysed various combina-
tions of SSTR agonists and chelates, to improve the binding and affinity to the
SSTRs, and the treatment outcome [ 182-184, 38, 185]. In order to improve the
detection of small tumours in the vicinity of the kidneys on scintigraphy with
""n-pentetreotide, Hammond et al. suggested a simultaneous intravenous ad-
ministration of arginin-lycin, which was shown to minimized the kidney up-
take by blocking the renal tubular reabsorption. This was adopted to PRRT,
and amino acid infusion for renoprotection is currently an important part of
the PRRT administration protocol [186].

It was estimated that human carcinoid tumours, cultured in vitro, retained
about 50% of the internalized '''In-DTPA-octreotide while the rest was me-
tabolized and released by the cells. The remaining intracellular activity was
found in close vicinity of the nucleus within 6 hours, a localization also
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described in tumour specimens analysed post operatively after seven SI-NET
patients received injection of 200 MBq '''In-DTPA-octreotide two days be-
fore operation [187] . With '""Lu-DOTATATE, there is also a newly discov-
ered systemic metabolization in plasma, whereby less than half of the original
molecules remained at 24h post infusion [188]. The radio-metabolites have
not yet been identified, nor whether they have any binding capacity to the
SSTRs.

4.2.2.2.2.2 Recent Time

'"Lu is nowadays the most frequently used radionuclide for PRRT, especially
after the favourable results by the Rotterdam group [189] and more recently,
the prospective NETTER-1 trial [190]. There have been arguments that *°Y
with its longer beta-range would be more favourable for the treatment of large
metastases [191]. It has also been suggested that the combination of '""Lu and
Y for PRRT would provide a synergistic effect, and be superior to each ra-
dionuclide alone [192]. However, an extensive retrospective analysis of PRRT
with either '""Lu, *°Y or the combination of both, confirmed that '"’Lu-based
PRRT was less toxic than any *’Y containing treatment, in regard to both hae-
matological and renal adverse effects [193]. The traditional and most fre-
quently administered PRRT is the so called “empiric regime” with 4 cycles of
7.4 GBq ""Lu-DOTA-TATE/TOC, administered to all patients regardless of
NET type, tumour load, body-weight, age or gender. At Uppsala University
Hospital a personalized treatment was developed whereby 7.4 GBq of '""Lu-
DOTATATE per cycle was administered with close dosimetric monitoring.
The maximum number of cycles were given until 23 Gy accumulated ab-
sorbed dose to the kidneys was reached and/or 2 Gy to the bone marrow [60].
In this study, half of the patients were able to receive more than 4 cycles, and
with survival benefits (PFS and OS) for those who reached 23 Gy absorbed
dose to the kidneys, as compared to those who did not [60].

4.2.2.2.2.3 Present Time.

Since the registration of Lutathera® in 2017, PRRT with '”’Lu-DOTATATE
is given according to the empiric regime. There are ongoing studies assessing
the notion of improving the PRRT by increasing the radio-sensitivity of the
tumours by co-treatment with tyrosine kinase inhibitors and immunotherapeu-
tic agents to improve the therapeutic outcome of PRRT [194].

4.2.2.2.3 Radiolabelled Antagonists

Initial in vitro studies showed promising results regarding the binding capacity
of SSTR antagonistic to NENs [45] and the first SPECT study in NET patients,
compared the distribution of one of the early antagonists '''In-DOTA-BASS
to '''In-DOTA-octerotide, and reported a 4 times higher tumour uptake and
lower kidney uptake of the antagonists [195]. For PET/CT, *Ga-DOTA-JR11
was tested [47] and in a recent phase 1/2 study, showed higher tumour-to-
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normal tissue ratio than ®*Ga-DOTATOC, and with less kidney and bone mar-
row uptake [196]. As the antagonists possibly occupy multiple binding sites,
and to a much lesser extent are internalized into the cell, they exert their effect
from the outer membrane. In a therapeutic mice model, '"’Lu-DOTA-JR11
showed longer attachment to the cells compared to the agonists, which were
internalized and metabolized [46]. Unfortunately, the radiation effects on kid-
neys and bone marrow presents a major challenge.

4.2.2.2.4 Eligibility

The patients” eligibility to receive PRRT depends on their tumour SSTR ex-
pression. This was initially evaluated based on SSTR scintigraphy with in-
dium-111 pentetreotide and estimated according to the Krenning score as de-
scribed earlier (please see 3.2.2.) [109]. When scintigraphy was replaced by
%Ga-DOTA-SSA-PET/CT, the Krenning score has been adapted accordingly,
but differently in various centres and thus, without an established standard.

4.2.3 Safety monitoring

4.2.3.1 Dosimetry

Dosimetry is the method to calculate the absorbed energy from all primary
and secondary ionizing processes occurring in biological tissues after radia-
tion exposure. The basic requirements are; that the absorbed radioactivity can
send out measurable photons and that the medium is homogenous and of a
regular shape. As this is seldom the case in biological tissues, approximations
are required. A major difference of PRRT, as compared to external radiation
therapy, is the continuous internal radiation lasting for days or weeks instead
the of'iterative, short radiation pulses per day. To master this anomaly, various
adapting techniques have been developed, one of which is to perform repeated
measurements during PRRT for an extended time e.g., on days 1, 4 and 7, as
performed at Uppsala University Hospital.

Dosimetry during PRRT was initially based on measurements from low-
resolution antero-posterior 2D planar scintigraphy images, with low spatial
resolution. Presently, dosimetry is based on 3D single-photon emission com-
puted tomography (SPECT), with better resolution, and combined with CT for
attenuation correction of the measurements, yielding considerably better re-
sults. Although still with its limitations, SPECT-based dosimetry provides es-
timates of the absorbed dose in various normal organs and/or tumours, alt-
hough the method hitherto has not been fully developed and its accuracy not
completely appreciated [189, 197]. Initially, the safety limits for the kidneys,
was adopted from those set by the external beam radiation therapy (23 Gy)
[198], and for the bone marrow, this was based on the earlier experiences with
radioiodine therapy (2 Gy) [199]. However, an accumulated body of evidence,
based on experiences from PRRT with '""Lu-DOTATATE, has shown that the
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upper limits for the kidneys is probably set too low and absorbed doses to
kidneys up to 40 Gy BED have merely shown grade I-1I side effects [200].

4.2.3.2 Local Practice of Dosimetry.

Dosimetry at our institution is performed as follows: For solid organs, the do-
simetry is based on the small volume method, on SPECT/CT examination of
the abdomen, and on one whole body scan [201]. A complete protocol is al-
ways performed at the first cycle with SPECT/CT examination on day 1, day
4 and day 7 after therapy start. Every second to third cycle, a shorter protocol
is used with SPECT performed at 24 h only, and applying the same effective
half-life estimate as in the earlier 7 days measurement. For bone marrow do-
simetry, the complete protocol is based on an integrated blood activity curve
(self-dose) resulting from blood samples taken at 0.5, 1, 2.5, 4, 8 and 24 h
from therapy start. The total bone marrow dose is calculated by adding the
self-dose from blood, to the photon dose from local activity in tumours, and
the remainder of the body including organs. The photon dose is calculated
from consecutive whole-body scans at 1,4 and 7 days after the therapy. The
kidney, liver, spleen and tumours are delineated with regions of interest, and
the whole body is calculated from the geometrical mean images at 24 h and
are transferred to the 4- and 7-days images. The complete 7-days protocol is
always achieved at the first treatment cycle and every third or fourth treatment
cycle, but also when the tumour volume has changed substantially, on the sus-
picion of decreasing kidney function, and after extended delay between cycles.

4.2.3.3 Biochemistry

Before and after every PRRT cycle, the bone marrow and kidney functions
are checked biochemically, verifying sufficient number of thrombocytes, ac-
ceptable white blood cell count and plasma creatinine.

4.2.4 The influence of cold somatostatin analogues in PRRT

There has been a concern regarding PRRT, that an excess amount of cold pep-
tide may block the radiolabelled SSA from interacting with the SSTRs. As a
consequence, ever since the introduction of PRRT, the recommendation is to
perform both imaging and therapy just prior to the next SSA injection [114,
202]. This recommendation has prevailed in spite of the findings on SSTR
scintigraphy by Dorr et al in 1993 (please see 3.2.3) [115], which is supported
by studies performing ®*Ga-DOTA-SSA-PET/CT before and after the start of
long-acting SSAs, and before and after repeated dose of long-acting SSA[117,
118, 203].
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5 Treatment monitoring

5.1 History

At the appearance of cytotoxic drugs, it became obvious that specific criteria
were necessary to monitor tumour response in phase II-1V trails. To meet this
requirement, WHO presented a system of regulations and criteria on how to
standardize the tumour response in 1981 [204]. As it turned out, these stand-
ards (“WHO criteria”) were used differently among various centres and be-
tween different studies and thus a stricter standardization was called for. The
result was the development of “response criteria in solid tumours, the RECIST
1.0,” presented and published in 2000 [205]. A later revision, the RECIST 1.1,
was presented in 2009, simplifying the therapy monitoring by including fewer
tumours for size measurements (a maximum of 5 instead of 10) [206].

5.2 RECIST 1.1 and other criteria for therapy
monitoring

The RECIST 1.1 version, still in use, is based on changes of the sum of target
lesion diameters, measured by their largest transversal diameter, except for
lymph nodes, measured by their short-axis (> 15 mm), and taking the appear-
ance of new tumour lesions into account. The target lesions should consist of
a maximum of five of the largest tumours/metastases (> 10 mm). Only two
tumours per organ and a maximum of 2 metastatic lymph nodes are included.
The same target lesions should be measured throughout the study. The RE-
CIST 1.1 version does not specify the slice thickness for CT/MRI (as was the
case in RECIST 1.0) due to the current high resolution multidetector CT and
modern MRI scanners.

For assessments of regression, the sum of diameters is to be compared to
that of the baseline examination (BL) by CT or MRI, while progression is
compared to the examination when the sum was the smallest (nadir). When
new lesions appear the RECIST 1.1 result is always progressive disease (PD)
despite the response of the target lesions. RECIST 1.1 denotes four groups of
response; complete response (CR) when there is no remaining tumour, partial
response (PR) when the sum of the diameters has shrunk by <30% of the base
line value, progressive disease (PD) when the sum of lesion diameters
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increases > 20% compared to nadir, and/or the appearance of new lesions.
Stable disease (SD) is defined as non- CR, PR or PD, i.e., when the sum of the
diameters is within > 20% of nadir and < 30% of BL and there are no new
lesions. The tumours other than the target lesions, the “non-target lesions” are
also assessed, but not measured. Occasionally, these alone are clearly seen to
progress, “unequivocal progression of non-target lesions” resulting in PD. En-
larged lymph nodes included as target lesions need to be measured and regis-
tered even after normalization of their size (< 10mm). Thus, the sum of lesion
diameters in a patient with CR can still be > 0 mm.

The RECIST criteria have been rightfully criticized for assessing size
changes as the only indication of antitumour activity [207, 208].

One should bear in mind that the RECIST 1.1 criteria were developed for
testing new cytotoxic drugs for treatment of solid tumours within general on-
cology. Thus, when used to evaluate other treatments and tumour types, the
RECIST criteria may be less well suited, for example for treatment monitoring
of slow-growing NETs, which also respond late with tumour shrinkage, or not
at all, and instead merely stabilize. Cell death may result in extended tumour
necrosis, and because of osmosis this may further lead to tumour enlargement,
a pseudo-progression. None of these phenomena are accounted for by RE-
CIST 1.1, both of which are of importance for evaluation of NEN therapies,
and especially of PRRT. It should further be noted that RECIST 1.1 is tailored
for comparing treatment results in dedicated study protocols.

Apart from RECIST 1.1, there is a variety of other criteria, suggested for
assessing tumour response, such as the Choi criteria for GIST, incorporating
changes in tumour CT attenuation, [209], the PERSIST criteria for therapy
monitoring by FDG-PET [210], and the Deauville grading in lymphoma [211].
There are attempts to predict and monitor treatment effects in NETs with ®*Ga-
DOTA-SSA-PET/CT, whereby tumour uptake has shown predictive of PRRT
outcome [212, 213]. However, changes in tumour SUV have not correlated to
response to PRRT [214, 215]. In studies on dynamic ®*Ga-DOTATOC/TATE-
PET, the net influx rate Ki as a measure of tumour SSTR expression, has been
shown to correlate to tumour SUV, but not for high values (> 25), The tumour-
to-blood ratio, compensating for the saturation of tumour SSTRs, by contrast
showed perfect correlation to Ki, and changes in the tumour-to-blood ratio is
therefore currently evaluated in a clinical study for monitoring of PRRT (We-
ber MM, Pettersson O et al. Submitted manuscript).

A novel NET grading scheme, “NET-PET-score”, was proposed by Chan
et al. based on the combined findings from **Ga-DOTA-SSA-PET and FDG-
PET [216] thus taking two aspects of cell biology into account, SSTR-expres-
sion and metabolic activity, for tumour characterization. In their retrospective
study, they could show that this grading system correlated significantly to the
patient outcome, whereas histological NET grade, age and presence of extra
hepatic disease, did not.
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6 Prognosis

Due to the scarcity of NENs and their heterogeneity, there are a limited num-
ber of studies with long-time follow up of separate NEN types. Thus, in most
reports, especially from the early times, the cohorts included various NET
types, making it difficult to draw conclusions concerning any specific NET
type. The majority of NEN trials are observational, evaluating treatments in
regards to progression free survival (PFS) and over-all survival (OS), and side
effects for specific NEN types [193, 60]. The first prospective study to focus
on a specific type of NEN was the NETTER-I trial focusing on PRRT outcome
in SI-NET patients [190]. Further, the placebo-controlled, double-blind, pro-
spective, randomized PROMID study investigated the effect of octreotide
LAR in patients with metastatic neuroendocrine midgut tumours (SI-NET)
[163, 155]. P-NETs, in particular, are more often studied, in separate cohorts,
possibly depending on their more rapid response to treatment. By way of ex-
ample, a resent long-term study on the outcome of a well-differentiated, lo-
cally advanced P-NETs in 99 patients treated with extensive surgery showed
a 5-year survival of 91% and 5-year disease free survival of 61% [217].
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7 Background to the thesis

PRRT constitutes an internal, targeted radionuclide therapy that provides pro-
longed survival in many patients suffering from progressive well-differenti-
ated, disseminated, and/or non-resectable SSTR-positive NENs, whereby 7,4
GBq of '"Lu-DOTATATE is administered intravenously in four cycles.
There are two major philosophies regarding the PRRT treatment protocol. One
is the “one size fits all” treatment comprise of 4 x 7,4 GBq of '"’Lu-DOTA-
TATE, administered to everybody, with no regard to the NEN type, tumour
burden, body-weight, or other individual characteristics, with a high risk of
undertreatment but with minimal risks for adverse effects. The other, the so
called “personalized” strategy, is an individually customised PRRT protocol,
where the number of PRRT cycles and/or the amount of administered activity
are adjusted, based on kidney and bone marrow reaction to the treatment
measured by dosimetry for each patient and cycle. In Uppsala, the latter
method was implemented and patients received between 2 to 10 PRRT cycles,
tailored by dosimetry and kidney and bone marrow function until September
2018 [60].

P-NETs and SI-NETs, have, until recently been often regarded as one entity
the so-called gastro-entero-pancreatic NETs (GEP-NETs), despite the
knowledge that P-NETs for instance responded faster to PRRT with tumour
shrinkage than SI-NETs [218, 219, 60]. This might have been due to the scar-
city of patients, and possibly because of little knowledge and/or awareness of
detail regarding differences between the two NET types. With the use of do-
simetry-tailored PRRT whereby absorbed doses to organs and tumours were
measured, a dose-response relationship was established for P-NETs [220].

The influence of the amount of cold peptide on the biodistribution of im-
aging radioligands ('''In-DTPA-octreodide and ®*Ga-DOTA-SSAs) has been
investigated in several studies [115, 116, 203], but has not yet been thoroughly
explored in the context of PRRT. There are concerns that i.v. administration
of cold peptide may diminish the tumour uptake of the radiolabelled peptide,
as was demonstrated in vitro and in vivo studies with '''In-DTPAoctreodide
[221].
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8 Aims of the thesis

The general aim of this study was two-fold; firstly, to explore differences and
similarities between well-differentiated and disseminated P-NETs and SI-
NETs in their response to PRRT with '"Lu-DOTATATE. The second aim
was to analyse the influence of peptide mass, both on receptor behaviour (in-
ternalization and re-cycling), and on the absorbed doses in tumours and nor-
mal tissues.

8.1.1 PaperI

To investigate a possible dose-response relationships in small intestinal neu-
roendocrine tumours (SI-NET) during and after the treatment of peptide re-
ceptor radionuclide therapy (PRRT) with '""Lu-DOTATATE.

8.1.2 Paper Il

To evaluate and compare tumour-related and patient-associated parameters
between well-differentiated progressive pancreatic and small intestinal neuro-
endocrine tumours in the context of PRRT with '"Lu-DOTATATE.

8.1.3 Paper III

To assess the time-dependent effect of somatostatin receptor depletion and re-
circulation in small intestinal neuroendocrine tumour (SI-NET) metastases
and normal tissues (liver, spleen, kidney and bone marrow), following a single
intravenous high dose of short-acting somatostatin agonist (400ug octreotide)
by means of ®*Ga-DOTA-TOC PET/CT during 7 hours.

8.1.4 Paper IV

To assess the possible impact of administered peptide at the first cycle of
PRRT on the absorbed dose in selected pancreatic and small intestinal neuro-
endocrine tumours and normal organs, in relation to the patients” total tumour
somatostatin receptor expression.
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9 Materials and Methods

9.1 Study population

All patients in this thesis suffered from locally advanced and disseminated,
well-differentiated NETs of the pancreas (P-NETSs) or the small intestine (SI-
NETs) confirmed by histopathology. They were eligible for PRRT or had un-
dergone PRRT at Uppsala University Hospital. The first paper (Paper I) in-
cludes twenty-five SI-NET patients who had completed PRRT with '""Lu-
DOTATATE according to the personalized treatment regime, administered at
Upsala University Hospital. Paper II includes twenty-four SI-NET patients
from Paper I together with twenty-tree P-NET patients earlier reported by Ilan
et al. [220]. Paper III includes four SI-NET patients who underwent the ex-
periment one day prior to PRRT, and Paper IV includes 62 patients with P-
NET and 141 patients with SI-NET, for whom data collected in connection to
their first cycle of PRRT were evaluated. The patients in Paper I, II and IV
were retrieved from the list of patients receiving PRRT by compassionate use,
and later from the cohort in the prospective PRRT study EudraCT nr 2009-
012260-14. All patients demonstrated sufficient tumour expression of SSTR
on somatostatin receptor scintigraphy, according to the Krenning score for
PRRT [109].

9.2 Data acquisition

9.2.1 PaperIandIl

All patients” data in Paper I and II were retrieved from the patients” digital
medical records and the digital radiological information system (RIS) and pic-
ture archive and communication system (PACS) at Uppsala University Hos-
pital. The patients” eligibility for receiving PRRT was evaluated on somato-
statin receptor scintigraphy with OctreoScan™, according to the Krenning
score. The individual number of PRRT cycles for each patient was guided by
the accumulated absorbed doses to the kidneys and bone marrow. All patients
(n=25) included in Paper I, suffered from SI-NETs, and underwent PRRT with
3-7 cycles of ""Lu-DOTATATE. Most of these patients received 7,4 GBq
""Lu-DOTATATE at each cycle (n=20) and out of 124 cycles, ten cycles
(12%) in five patients, the administered activity was reduced (to 6 or 5,5 GBq).
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In Paper II twenty-four of the patients described in Paper I were included to-
gether with twenty-three pancreatic P-NET patients, who had undergone 2-6
cycles of PRRT as earlier reported by Ilan et al. [220] , but were re-evaluated
and compared to the SI-NET patients. Most of the P-NET patients were in-
fused with 7,4 GBq '""Lu-DOTATATE at each cycle (n=16) and out of 102
cycles eleven cycles (11%) in seven patients were reduced (to 6 or 5,5 GBq).
In Paper I and II the selected tumours were all larger than 2.2 ¢cm in order to
apply to the requirements of the dosimetric method used [197]. Furthermore,
the selected lesions were sufficiently isolated from other tumours, and normal-
tissue accumulations, in order to minimize scatter. Suitable tumours in Paper
I, were identified by the author on the baseline CT examinations. All P-NET
patient in study II, earlier reported, were revaluated by the author in the second
study.

In both Paper I and II, imaging after start of PRRT was performed on an
Infinia Hawkeye SPECT/CT system (GE healthcare) with MEGP collimators.
In both papers, a phantom was used to measure partial volume effect (PVE)
correction. In a NEMA 1Q phantom, six hollow spheres were filled with '""Lu-
DOTATATE and scanned using the same SPECT/CT scanner with identical
imaging parameters as for patients. Tumour response was evaluated with clin-
ical routine CT/MR of the abdomen employed pre-therapy, between cycles
and post-therapy at ordered intervals.

Plasma chromogranin A (P-CgA) and urinary 5-hydroxy-indol-acetic acid
(U-5-HIAA) was measured at scheduled follow-up visits during and after
PRRT.

9.2.2 Paper III

Four patients participated in the study the day before their first cycle of PRRT.
A base line ®*Ga-DOTATOC PET/CT (whole-body) (WB 0), was performed
1-3.5 months earlier. The study day was initiated by the intravenous infusion
of 400pug, after which three consecutive dynamic PET/CT examinations were
performed with three hours intervals. Each scan started simultaneous with in-
travenous injection of ®*Ga-DOTATOC and lasted for 45 minutes. Scan num-
ber 2 and 3 was preceded by a static acquisition for S-minutes including the
patients’ upper abdomen, to account for the remaining activity. The dynamic
scans were reconstructed into 22-time frames (6x10, 3x20, 3x60, 5x180,
5x300 s). Each dynamic scan was followed by a whole-body PET/CT exami-
nation, one hour after tracer injection; 1 h (WB 1), 4 h (WB 2), and 7 h (WB
3). The same scanner (GE Discovery MI PET/CT) was used for all patients.
A graphic representation of the study design is given in (Figure 1).
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Figure 1. Schematic overview of the study design for study IlI.

9.2.3 Paper IV

In Paper 1V, only the first cycle of the PRRT was assessed in the eligible SI-
NETs and P-NETs patients (n=203). In the cohort of more than 800 NEN pa-
tients, undergoing PRRT with the '”’Lu-DOTATATE inhouse preparation, at
Uppsala University Hospital between 2006 to 2018, 510 SI-NET and P-NET
patients were identified and 203 (40%) of them were suitable for assessment.
All study patients had undergone SPECT/CT with indium-111 pentetreotide
for the Krenning evaluation of eligibility for PRRT, and received 7,4 GBq
""Lu-DOTATATE at their first PRRT cycle. For tumour-absorbed-dose esti-
mations the dosimetry method as described in Paper I and II was used. Be-
cause data were retrospectively collected from PRRT performed over a dec-
ade, the SPECT imaging utilized four types of gamma cameras; Millenium
VG, Infinia, Discovery 670 and SPECT/CT CZT (General Electric Medical
Systems), all equipped with a CT scanner used for attenuation correction. The
VG camera applied 60 angles with 60 s for each frame for the imaging, and
120 angles with 30 s for each frame was used in the other three systems. In
the CZT camera the energy window was 208 keV (x6%), and 113keV (£10%)
and 208 (£10%) windows were summed for the VG camera. Both for the In-
finia and Discovery 670 cameras the energy windows were 208 (£10%). For
the CZT camera the collimators were MEHR and for the other tree systems it
was MEGP.

The administered amount of peptide in each PRRT cycle was retrieved
from analogue data sheets and the patients” body-weight from digital medical
records. The patients” total tumour somatostatin receptor expression (tTSS-
TRE) was assessed from the 24h SPECT examination, performed for dosim-
etry, by using a non-commercial research version of Affinity Viewer 3.0
(HERMES Medical Solutions AB., Stockholm, Sweden). As the SPECT im-
ages represented counts, an Excel sheet was prepared with a function to recal-
culate a pre-defined SUV to counts for each patient, in order to apply a SUV-
based cut-off volume of interest (VOI) for the tumour delineation. The func-
tion was taking into account the amount of administered activity (7,4 GBq),
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the patient’s weigh, and the respective calibration factor to correct for the dif-
ferent sensitivities (counts/Bq) for each of the four gamma camera types

9.3.1 Volume Measurements

In the first two studies (Paper I and II) the assessments of the clinical
SPECT/CT examinations and those of the phantom utilized a Hermes work-
station (Hybrid PDR, version 1.4B, Hermes medical solutions). An automated
42% threshold iso-contour VOI was applied for the measured tumours and
phantom spheres, and all the tumours included in the study were larger than
2.2 cm throughout the course of the study. In Paper I both tumour and liver
volume at each examination was measured by using the semi-automated soft-
ware offered by the vendor (Carestream Vue PACS, version 12.0.0.7; Lesion
Management) and manually corrected to fit the outer border of the tumours
and livers. In Paper II all selected tumours were re-evaluated, by the first au-
thor, according to their largest transversal diameter as well as tumour volume
(calculated using the semi-automated soft-ware and with manual corrections),
time to best response, time to progression and the over-all survival of each
patient.

Paper III, calculating the receptor reactivation, used Hermes (Hybrid
viewer PDR, version 5.1.1, Hermes Medical Solutions) to evaluate the
PET/CT examinations. All measured tumours were larger than 1 cm in diam-
eter and the VOIs were delineated by using a 50% iso-contour threshold.

In Paper 1V, dosimetry was performed for the patient’s two to three largest
tumours with the highest uptake on 24 h SPECT. The total somatostatin tu-
mour receptor expression (tTSSTRE) of the tumour load for each patient was
assessed on the SPECT acquired 24h after start of PRRT, by using a non-
commercial research version of Affinity Viewer 3.0 (HERMES Medical So-
lutions AB., Stockholm, Sweden). From an Excel sheet with a function to
transform SUV to counts, the calculated pre-defined “cut-off” count number
for the individual patient was entered into the threshold VOI tool of the Affin-
ity Viewer software. Semiautomated VOIs were then generated to outline all
tumours within the field-of-view of the SPECT examination. For tumour con-
glomerates, a software “splitter” tool allowed for larger VOIs to be split into
smaller VOlIs, representing single tumours and/or more homogenous tumour
areas (Figure 2). In the next step, a 42% cut-off of the highest activity in each
VOI was applied, and the resulting functional volume (FV) of each VOI was
registered, together with their respective number of counts. By again using the
Excel sheet, now instead entering the number of counts for each VOI, the re-
verse recalculation provided their the respective SUVmeans. For each VOI,
the SUVmean was multiplied by the FV to achieve its tumour somatostatin
receptor expression (TSSTRE). In the final stage, the TSSTRE for all tumour
VOIs were added to form the patient’s tTSSTRE. The intention was to apply
an identical SUV cut-off value for the tumour VOI measurements in all
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patients. However, when performing a pilot test on P-NETs (n=48) and SI-
NETs (n=73), it was found necessary to adapt separate SUV cut-off values for
patients with high tumour load (SI-NETs SUV 5,5 and P-NETs SUV 7,1) but
the same for all patients with low tumour burden (SUV 3,5).

Figure 2. "Semiautomated VOIs were generated to outline all tumours within the
field-of-view of the SPECT examination"

9.3.2 PET measurements in normal organs

PET measurements of normal organs (liver, kidneys, spleen, pancreas and
bone marrow) utilized a spherical 1.5 cm diameter VOI. The blood measure-
ments in the left ventricle of the heart and in the descending aorta were per-
formed with 1 cm diameter VOIs.

9.3.3 Dosimetry

Full dosimetry calculations (the absorbed dose in tumours) after start of PRRT
with ""Lu-DOTATATE requires SPECT/CT readings at 24, 96, and 168 h at
the first, third and fifth cycle. The time-integrated-activity concentration was
assessed from the area under the curve of a single exponential fit. The phantom
studies provided the recovery coefficients used for correcting the partial vol-
ume effect (PVE) when calculating the activity concentrations for each
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SPECT scanning time point. At the interceded cycles, a 24h SPECT was used
based on the effective half-life presented at the previous full dosimetry proto-
col thus presumed to be unaffected between the two cycles.

9.3.4 Best response

In Paper I and II the shrinkage of the selected tumours, named the best re-
sponse, was calculated from the baseline to when progression of the disease
appeared, and was determined as changes in both selected tumour transverse
diameters and change in the selected tumour volumes compared to base line.
Best response was also assessed according to RECIST 1.1.

9.3.5 Statistical Methods

In Paper I, the JMP 12.0.1 software package (SAS Institute Inc., Cary, NC,
USA), was used for calculations of correlations and linear regression. A p-
value less than 0.05 was regarded statistically significant, in combination with
an explanation value of 1* larger or equal to 25%.

In Paper I1, the Kaplan—Meier analysis was used to calculate the PFS from
the first PRRT cycle until any progression based on CT/MR was found ac-
cording to RECIST 1.1 or death. The JMP 12.0.1 software package (SAS In-
stitute Inc., SAS Campus Drive, Cary, North Carolina 27513, USA) was em-
ployed for reckoning the linear regressions, Kaplan—Meier analysis, the Wil-
coxon signed-rank test and creating the box plots. A p-value less than 0.05
with an explanation value of r* larger or equal to 25% was required for the
linear regression to be regarded statistically significant. Microsoft Excel was
used for analysing the descriptive statistics and paired t-tests, and the differ-
ences within groups were anticipated to be significant at 95% level using the
independent t-test and manually calculated confidence intervals; to illustrate
correlations and confidence intervals the GraphPad Prism, Version 6.07 was
utilised.

In Paper III the Wilcoxon matched- pairs test was exercised (Prism, ver-
sion 6.07; GraphPad Software, Inc.) when assessing the tumours and whole-
blood SUV (and normalised SUV) and comparing between all whole-body
images. For significance the level was set to p-value less than 0.05. For calcu-
lating the three dynamic PET scans regarding Kj the same test was used. Lin-
ear regression and the square of Pearson correlation was utilised when evalu-
ating the relationship between Kj and tumour to blood ratio and the relation-
ship between Kj and SUV

In Paper IV the injected amount of peptide, and the median absorbed dose
in tumours and normal tissues, in relation to the tTSSTRE was calculated us-
ing the Speaman’s Rank test.
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10 Results

10.1 PaperI

Paper I, failed to show any dose-response relationship in the 25 SI-NET le-
sions in regards to either the transverse diameter or the volume of the tumours,
during the mean 26 months follow-up time. This result was in contrast to what
was earlier reported for P-NETs in a study from our department [220]. How-
ever, for the analysed SI-NET lesions, there was a correlation between the
amount of administered activity and tumour volume shrinkage (+* = 0.25, p =
0.01) and tumour shrinkage when measured according to RECIST 1.1. (+* =
0.28, p = 0.01) although with a fairly low explanation of both values (Figure
3, 4).

Figure 3. Tumour volume shrinkage (* = 0.25, p = 0.01)
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Figure 4. Tumour response according to RECIST 1.1 versus administered radioac-
tivity (¥ = 0.28, p = 0.01).

10.2 Paper 11

With the longer follow-up in Paper II (mean 49 months), as compared to in
Paper I (mean 26 months), a weak dose-response relationship was found in
the SI-NET lesions between absorbed dose and tumour diameter shrinkage
(=0.29, p=0.001) and between absorbed dose and tumour volume shrinkage
(= 0.26, p= 0.02), although not as strong as the corresponding correlations
for the P-NET lesions (+’= 0.37, p= 0.004 and 7’= 0.31, p= 0.03, respectively)
(Figure 5, 6). The correlation between administered activity and SI-NET Ile-
sion shrinkage, noted in Paper I, was strengthened by the longer follow-up
(= 0.28 to "= 0.33). No such correlation, between administered activity and
tumour shrinkage, was found in the P-NET group (Figure 7).

Further, a significant decrease of the absorbed dose in the P-NETSs between
consecutive cycles, was demonstrated (Figure 8), and could be related to a
corresponding decrease in tumour-to-aorta ratio between cycles, as measured
on contrast-enhanced CT (Figure 9). In the SI-NETs a corresponding, alt-
hough non-significant, decline was seen. Furthermore, in the native phase of
the at BL CT examination, the tumour attenuation (Hounsfield Units, HU) of
the 25 SI-NET lesions was higher than that in the 23 P-NET lesions, indicating
a denser tissue in the former group. As assessed on contrast-enhanced CT in
the late arterial contrast-enhancement phase of the same BL CT examination
the 23 P-NET lesions demonstrated a higher degree of vascularization com-
pared to that of the 25 SI-NETs.
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Figure 5. Comparison between tumour dose (Gy) and diameter shrinkage in P-NENs
versus SI-NENs. Accumulated absorbed dose (Gy) to the tumour versus maximum
fractional diameter shrinkage in P-NEN lesions (A) (n = 23) and SI-NEN lesions (B)
(n = 24). P-NEN (p = 0.004), SI-NEN (p = 0.001). BL, baseline.
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Figure 6. Comparison between tumour dose (Gy) and semi-automated volume (cm’)
shrinkage in P-NENs versus SI-NENs. Accumulated absorbed dose (Gy) to the tumour
versus the maximum fractional shrinkage of semi-automated volume (cm?) in P-NENs
(4) (n = 23) and SI-NENs (B) (n = 25). P-NEN (p = 0.03), SI-NEN (p = 0.02). BR:
best response.
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Figure 7. Correlation between accumulated activity (GBq) and RECIST 1.1 values.
Accumulated activity (GBq) versus RECIST 1.1 values. (A) P-NENs (n = 23) and (B)
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Figure 8. Tumour dose at each dosimetry estimates. Median absorbed dose (Gy) in
the measured tumours at each cycle. Full seven-day dosimetry cycles are shown to-
gether with 24h dosimetry results. The absorbed doses showed a continual decrease
during the course of PRRT in both P-NETS (blue) (n=23) and SI-NETs (red) (n=25).
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Figure 9. Fractional change (4%) of the tumour to aorta ratio (as an indication of
tumour vascularization) from CT at base line to best response, as regards fractional
semi-automated volume. Each line represents one tumour

10.3 Paper III

All measurements of tumour SUV at the three whole-body (WB 1-3) PET ex-
aminations during the study day were normalised against the tumour SUV at
the baseline PET WBO0. Immediately after the intravenous injection of 400ug
short-acting octreotide, the receptor activity (and uptake of **Ga-DOTA-
TATE) decreased in tumours (ratio < 1). This study shows a tumour receptor
recovery of the normalised SUV from base line levels already at four and
seven hours (WB2 and WB3) (Figure 10 A-D). Thus, for the tumours there is
a prompt and significant (p<0.05) recovery to base line values and even above,
for the normalised SUV in each step from WBI1 to WB2, from WB2 to WB3
and from WB1 to WB3. Regarding the net influx rate, Ki, determined in the
dynamic scans, a significant increase between the first and second and the first
and third scan was disclosed (p<0.05), although not between the second and
third scan (p >0.05) (Figure 11). Pearson correlation (square) used for com-
parison between the Kj values to both the SUV and TBR demonstrated a linear
correlation of 0.96 and 0.97, respectively.

The normalized SUV continued to stay low in all normal organs, apart from
the kidneys and bone marrow (Figure 12 A-C), and only the kidneys and the
bone marrow reached base line values (Figure 12 D-F).
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Figure 10. Normalized tumour SUV for patients in Paper Il where SUV in whole-body (WB)
1,2 and 3 is normalized against WB 0 (baseline scan)
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Figure 11. Scatter dot plots of Kj at the first, second, and third dynamic scan (0, 4,
and 7 h). Between the first and the second dynamic scan, a significant increase was
found in tumour Kj. This was also seen between the first and third dynamic scans but
not between the second and third. Solid horizontal lines show median and interquar-

tile range.
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Figure 12. Scatter dot plots of normalized SUV in the liver (A), pancreas (B), spleen
(C), dexter and sinister kidney (D and E), and bone marrow (F) where SUV in whole-

body (WB) 1, 2 and 3 is normalized against SUV at WB 0 (baseline scan). Solid hori-
zontal lines show median and interquartile range.
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10.4 Paper IV

No influence of the amount of peptide (ug) in the PRRT preparation could be
seen regards any of the tested entities in relation to tTSSTRE, when using the
Spearman’s Rank correlation. In the separate regression analyses no influence
of the administered amount of peptide (ug) was found when tested separately
in subgroups of tTSSTRE (low, median and high) (Figures 13).
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Figure 13. Regression analyses whereby the mean tumor dose (Gy) is plotted against
the administered amount of peptide (ug) at the first PRRT cycle in respect to the pa-
tient’s total tumor somatostatin receptor expression (tTSSTRE). The blue dots (the
smallest) represent the patients in the lowest tTSSTRE group (values <5000, (SUV x
mL) n=106), the green dots (slightly larger) represent the patients in the medium
tTSSTRE group (values 5000 — 15000, (SUV x mL) n=56) and the brown dots (the
largest) represent the patients in the largest tTSSTRE (SUV x mL) group (values
>15000, (SUV x mL) n=41). The blue, green and red lines represent the fitted line for
the peptide values of each tTSSTRE group.
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11 Discussion

The first two retrospective studies focus on the relationship between the tu-
mour dose at PRRT and the treatment effects in well-differentiated SI-NETSs
and P-NETs, with the aim to improve the understanding of significant factors
that may influence the outcome of PRRT. Paper I, found a lack of dose-re-
sponse in the SI-NET lesions, between absorbed dose in the tumours and larg-
est tumour diameter and the tumour volume, respectively, during mean 26
months follow-up. Contrariwise, a correlation was discovered between the
amount of administered activity and the tumour volume shrinkage, as well as
RECIST 1.1. results. The lack of dose-response in SI-NET lesions contrasted
to the earlier reported dose-response found for P-NET lesions [220]. The lack
of morphological response in the SI-NETs during the early period post PRRT
is believed to, at least partly, be explained by a high content of fibrotic tissue,
preventing apparent tumour shrinkage on CT/MRI. Another explanation, may
be the low mitotic activity in the SI-NETs, with few dividing tumour cells,
and therefore less sensitivity to radiation.

Paper 11, allowed for a longer follow-up period, median 49 months, at
which time a dose-response was found in the SI-NET lesions. Otherwise, this
study could report findings that separate the two NET types in a basic way. At
the BL CT/MR examinations the P-NETs demonstrated higher contrast-en-
hancement of TBR in the late arterial phase, interpreted as an effect of better
vascularization in P-NETs. The SI-NET lesions, conversely, demonstrated
higher attenuation HU on non-enhanced (native) sequence at BL, indicating a
more compact tissue, consistent with high fibrotic content in SI-NETs [57].
The standard deviation of the tumour attenuation measurement (HU) in the
non-enhanced CT at BL, however, were the same in SI-NETs and P-NETs,
indicating similar degree of heterogeneity in the two NET-type lesions. While
the accumulated absorbed dose of the assessed tumours was similar in the two
NET groups, the absorbed dose in the P-NETs for individual PRRT cycles
declined significantly between the first and the last cycles. This reduction in
consecutive cycles was further paralleled by a decrease in the blood supply,
from the first to the last cycle. The better vascularization in primary P-NETs
than in solid tumours is known from earlier reports and was found to correlate
to survival [222, 223]. It is also known that better tumour vascularization im-
proves the cellular oxygenation and makes them more susceptible to ionizing
radiation [172]. The reduced absorbed dose in the P-NETs during the course
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of PRRT can only be speculated on. One reason could be the reduced vascu-
larization, due to radiation damage to the vessels, with decreased delivery of
both ""Lu-DOTATATE and oxygen, and the reduction of oxygen will further
diminish the effect of the radiation. It is also possible that the radiation damage
reduces the receptor capacity of the tumour cells, hampering the influx of the
""Lu-DOTATATE preparation. Further, with subsequent tumour shrinkage
the dosimetric calculations will become less precise, because of increased
PVE, possibly underestimating the radioactivity concentration [220]. Addi-
tionally, the reduced absorbed dose in consecutive cycles could be an influ-
ence of the so called low LET radiation-induced adaptive response (RIAR)
[172]. Results from in vitro studies on cancer cell lines, also indicate the ex-
istence of transportable microparticles, that create antitumor effects through
the death of immunological cells in the tumour micro environment that might
add to the negative factors [224].

The longer observation time after PRRT disclosed a dose-response in SI-
NETs, indicating that change in size is slower for this NET type, which is well
known regarding tumour growth of SI-NETSs [58, 225, 226, 60]. One possible
explanation for this could be the higher degree of fibrosis, with restricted ca-
pacity to change in size (shrinkage and growth), in spite of the decreasing/in-
creasing number tumour cells. An alternative explanation is that with the
lower mitotic activity in G1 tumours, dominating the SI-NET group in our
study, fewer tumour cells are radiosensitive to PRRT. Thus, based on these
differences between P-NETs and SI-NETs, it would be reasonable to regard
the two NET types as separate entities. The prevailing practice in many stud-
ies, is to lump P-NETs and SI-NETs, together with other gastrointestinal
NETs, into a broader NET category, GEP-NETs. This will, however, empha-
sis similarities rather than explore differences between the NET-types, and
prevent discovery of individual NET-type-specific factors, that may constrain
the development of more effective treatments. Despite differences in appear-
ance at BL and behaviour during PRRT, the mean time to best response was
similar for P-NETs and SI-NETs, with a tendency to be on the slow side in the
SI-NET group. The median PFS was similar for P-NETs and SI-NETs, which
is in line with an earlier report [60] and the reason for this can only be specu-
lated on.

In the third study (Paper III), the influence of amount of administered pep-
tide on the receptor turnover, and specifically the depletion and reappearance
of SSTRs in SI-NETs as compared to normal organs, was addressed. A single
intravenous injection of 400ug octreotide (equivalent to a large peptide
amount at PRRT) was followed by three dynamic sessions and whole body
(WB) of ®*Ga-DOTATOC (2 MBg/kg) during seven hours, to register the tim-
ing of SSTR reappearance in SI-NET tumours and normal tissues. In this study
also the rest activity before the next tracer injection was accounted for. It was
found that compared to the BL examination (WBO0), the SSTR expression in
most tumours (and in liver, spleen and pancreas) dropped significantly

67



following octreotide injection on the first whole body ®*G-DOTATOC
PET/CT (WBI1). Over time (in WB2 and 3), tumour SUV was, however, re-
stored to the baseline level in most of the tumours (7/12); but in the liver,
spleen and pancreas, only partial recovery was seen at WB3, the last point of
measurement (7h). The five non-responding tumours (from different individ-
uals), had all a functional volume between 1 and 4 mL, and responded with a
pattern more resembling that of the normal tissues. For SI-NETs, this might
resemble the different behaviour between small and large NETs earlier de-
scribed for P-NETs by Ilan et al. pointing out the more pronounced effect of
PVE in small lesions compared to larger tumours [220]. Regrettably, the re-
duction of receptors after the single bolus of peptide was not obvious in the
two most radiosensitive organs, the kidneys and bone marrow, which for the
former probably was masked by the radioactivity excreted in the urine. This
knowledge, not earlier described in vivo, opens the possibility to partially
spare normal organs from radiation exposure in the initial phase of PRRT, thus
allowing for more activity to be available for the reappearing tumour recep-
tors, which might improve the absorbed dose in the larger (> 4cm), responding
tumours. However, the total somatostatin receptor expression of the tumours
will always be the ultimate limitation.

A major drawback of Papers I-111, is the small number of patients, and con-
sequently with low statistical power. In paper I and II, both retrospective, this
was owing to the requirements of the dosimetric method, leading to a strict
selection of tumours to be included in the study. It may be well debated to
what extent the selected tumours can be regarded as representative of the pa-
tient’s total tumour load, or even representative for a larger study cohort. Yet,
the differences between the SI- and P-NEN types, as regards volume change,
degree of vascularization, and tissue density, seem to be larger between these
two types than within each NET type, despite their individual heterogeneity.

Paper 1V, also retrospective, assessed 40% of all SI-NET and P-NET pa-
tients treated with PRRT at Uppsala University Hospital, without finding any
influence of the amount of peptide in the '""Lu-DOTATATE preparation, on
the absorbed dose in tumours, normal organs or the tumour-to-normal-tissue
ratios, in relation to the patient’s total tumour load, expressed as its tTSSTRE.
The tTSSTRE is based on the assumption that the number of counts registered
in the tumours with the highest '”’Lu-DOTATATE uptake at 24 hours after
start of PRRT, represents the receptor activity of the tumours. In a prospective
study, the optimal time point for SPECT to quantify tTSSTRE would instead
be at approximately 3h following '”’Lu-DOTATATE administration [227]. At
the time point of 24h it is uncertain what the remaining radioactivity in the
tumours represent; considering in vitro studies stating that only 50% of the
initially incorporated radioactivity remain in the cells after 12 hours [33, 37],
and that analysis of radiolabelled metabolites in blood, shows that at 24h less
than 50% of the administered '"’Lu-DOTATATE is intact [188]. These me-
tabolites have so far not been characterized, and their potential SSTR binding
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capacity is unknown. Given the sparse evidence in the literature of the impact
of the administered peptide mass at PRRT on NETs, in relation to the total
tumour load, our findings warrant further investigation.
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12 Conclusions

Paper I. It was not possible to identify any dose-response relationship in SI-
NETs, although a positive correlation was found between the administered
amount of activity and tumour volume shrinkage and RESIST 1.1 results.

Paper I1. In P-NETSs a subsequent decline of the absorbed dose was found in
consecutive cycles, paralleled by a decline in the tumour vascularization on
contrast-enhanced CT, but not in the SI-NETs. The correlation between ad-
ministered amount of activity and tumour response according to RECIST 1.1
in SI-NET's was corroborated, but no such correlation was disclosed in the P-
NET group. With the longer observation time, a weak dose-response relation-
ship appeared in the SI-NETs.

Paper III After a large pre-load (400 pg) of i.v. short acting octreotide, prior
to serial *Ga-DOTATOC-PET/CT examinations during 7h, faster recycling
of SSTRs was found in larger (> 4cm) SI-NET than in smaller tumours (< 4
cm) and in normal organs, apart from kidney and bone marrow. This might
open the possibility to partially protect normal tissues by pre-administering a
single dose of cold peptide before start of PRRT, and thus allow for better
tumour-to-normal tissue '’Lu-DOTATATE uptake ratios.

Paper IV. No influence of the amount of administered peptide at PRRT could

be demonstrated, on the absorbed dose in tumours or normal organs, in rela-
tion to the patients” total tumour SSTR expression.
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13 Future perspectives

In spite of two decades of PRRT to patients with well-differentiated and pro-
gressive NETs, there are still aspects of this treatment that need to be further
investigated to improve the therapy outcome.

By considering the basic differences between P-NETs and SI-NETs, as
identified in Paper I, and adjusting the PRRT protocol according to NET-type
and mitotic status (G1, G2 or G3), the effects of PRRT might improve. Ther-
apy monitoring by assessing changes in tumour volume, instead of transverse
lesion diameter, will probably provide more accurate information.

Further, a redistribution of the amount of administered radioactivity be-
tween cycles in P-NET patients, would probably improve the accumulated ab-
sorbed dose in the tumours, and possibly minimizing the effect of radiation-
induced adaptive response (RIAR).

The identified differences in the recycling time of SSTRs between large SI-
NET tumours (> 4 cm) and normal organs opens the possibility to provide a
protection of normal tissues at PRRT by adding a five to seven hours preload
with short acting octreotide to the PRRT protocol. This might be especially
useful in PRRT using SSTR antagonists, as these have shown more radiation
to normal organs and tissues.

One day, it might be possible to evaluate the total receptor volume of the
patient’s tumours at the time of treatment, without the use of radionuclide-
based imaging, that triggers the RIAR, and administer individualized amounts
of radioactivity to the tumours at each PRRT cycle, while spearing normal
tissue.
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14 Popularvetenskaplig sammanfattning

Neuroendokrin neoplasi (NEN) utgor ett samlingsnamn for en sillsynt tumor-
form som utgar fran en unik typ av endokrina celler, spridda i alla vdvnader,
vilket gor att NEN kan uppsta var som helst i kroppen. Tumérerna uppvisar
blandformer genom att de kombinerar egenskaper fran ursprungsviavnaden
med specifika neuroendokrina egenskaper, vilket gor att symptomen varierar
beroende pa vilket organ tumdren startade i. Det karakteristiska neuroendo-
krina inslaget ar tumoércellernas formaga att producera specifika hormoner,
samt en oreglerad overproduktion av receptorer (en sorts mottagarstrukturer
pa cellytan) for hormonet somatostatin (SS). NEN innefattar dels langsamvéx-
ande, vélstrukturerade neuroendokrina tumorer (NET), och dels mer sillsynt
aggressivt viaxande neuroendokrin cancer (NEC). Den vanligaste lokalisat-
ionen av NET é&r lungor och bronker, pa andra plats kommer tunntarmen, in-
klusive forsta delen av tjocktarmen, och den fjdrde vanligaste 4r NET i
bukspottkorteln. Tumortypen har 6kat i incidens under de senaste decenni-
erna, vilket till dels kan forklaras av forbéttrade undersdkningstekniker som
datortomografi (DT) och magnetkamera (MR). Andra orsaker till 6kningen ar
inte dnnu klarlagda men hog alder kan vara en faktor. Vissa tumorer, framst i
tunntarmen, producerar symptomgivande hormoner, och kallas funktionella
NET, medan ménga tumdrer, sarskilt i bukspottkorteln, kan ha Gverproduktion
av hormoner utan att patienten har kdnningar av det. De symptomgivande tu-
morerna i bukspottkorteln tenderar att diagnosticeras 1 ett tidigt skede, medan
tunntarmstumorerna och de icke funktionella tumdrerna endast ger diskreta
symptom, vilket férdrdjer diagnosen. Man har berdknat att det tar cirka fem
till sju &r for exempelvis NET i tunntarmen att diagnosticeras, varfor de vid
diagnostillfillet oftast &r stora och redan har metastaserat. Majoriteten av de
valdifferentierade NET har ett 6verflod av de specifika somatostatin-recepto-
rerna (SSTR) pé sin yta. Ndr hormonet binds till receptorn, innesluts hela kom-
plexet i cellen, ddr hormonet och receptorn separeras, varvid receptorn ater-
vénder till cellytan. Hela proceduren tar omkring 16 till 24 timmar enligt tidi-
gare studier p4 moss. Syntetiska hormonkopior av somatostatin (somatostati-
nanaloger) (SSA) anvinds for behandling och dimpar de typiska hormonella
symptomen, sdsom diarré och varmevallningar. SSA kan dven kopplas till
radionuklider som nér de injiceras i blodbanan tas upp av tumdrernas recepto-
rer, och kan utnyttjas for bade diagnostik och intern stralbehandling. Vid dia-
gnostik anvinds radionukliden Gallium-68 (®®*Ga), som har en kort
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halveringstid (60 min) for att skapa bilder med en PET-kamera, hopkopplad
med en datortomograf (PET/DT). Vid intern strdlbehandling, s& kallade pep-
tid-receptor radionuklid terapi (PRRT), anvinds oftast radionukliden Lu-
tetium-177 (""’Lu) med 6 dagars halveringstid, som dels avger behandlande
beta-stralar (§7), men ocksd gamma-stralar (y) som kan anvéandas for att skapa
bilder med en gammakamera kopplad till en datortomograf (SPECT/DT).

P& grund av tumdrernas sillsynthet har det varit svart att kartldgga olika
NET-typernas sérarter, och manga studier har genom aren kombinerat behand-
lingsresultat fran flera skilda typer av NET. Detta géller sérskilt de vanligaste
forekommande tumdrerna i buken, tunntarms-NET (SI-NET) och bukspott-
kortel-NET (P-NET) vilka ofta omnamnts sammantaget som gastointestinala-
pancreatiska, GEP-NETs.

Malet med avhandlingen &r att jamfora reaktionssattet hos SI-NET och P-
NET under och efter intern stralbehandlingen med PRRT, samt att utrona vilka
mojliga faktorer som kan ha effekt pa behandlingsresultaten. Ett delmal var
att utréna om de tva tumortyperna beskriver ett likartat reaktionssatt pa stral-
behandlingen, eller om deras behandlingssvar ar sa pass skilda att de bor anses
som éatskilda entiteter och behandlas separat. Under sddana forutsattningar kan
ett sammanforande till en enhetlig GEP-NET grupp leda till att samma be-
handling for hela gruppen blir ineffektiv. Studierna genomfordes bakatblick-
ande, baserat pa arkivmaterial bestdende av DT och MR undersékningar ut-
forda i samband med PRRT behandlingar vid Akademiska sjukhuset i Upp-
sala. I det forsta arbetet analyserades det radioaktiva tumdrupptaget i en tumor
vardera hos 25 SI-NET patienter. Tumorerna undersoktes under och efter
PRRT avseende fordndring av tre tumdrmatt; den storsta tumordiametern,
samt tumdrvolymen berdknad pa tvé sitt; dels med hjélp av datormjukvara
och dels berdknad baserad pa storsta manuellt uppmaétta tumoérdiametern. Stu-
dien visade att det hos SI-NET inte fanns ndgon korrelation mellan tumérstor-
leksminskningar och méngden absorberad dos (dos-respons). Detta skiljer sig
frén vad som tidigare rapporterats for P-NET. For SI-NETs forelag daremot,
ett samband mellan mingden given radioaktivitet och storleksminskning av
tumdrerna. Minskningen var dven signifikant enligt standardmetoden for ut-
véirdering av tumorbehandling, det sé kallade RECIST 1.1 mattet. Fokus i stu-
die tva var att jimfora det specifika svaret pA PRRT hos de P-NET och SI-
NET tumorer som rapporterats i tidigare studier. Vid denna studie gjordes en
fornyad, mer omfattande utvérdering med uppmaitning av fler tumorparamet-
rar, och med langre observationstid. Studien visade att trots att den totala ab-
sorberade dosen var densamma, forelag pitagliga skillnader i absorberad dos
mellan de tvd tumdrsorterna vid de olika behandlingstillfdllena under PRRT.
I P-NETs var radioaktivitetsupptaget hogst vid de forsta behandlingstillfallena
och minskade dérefter signifikant senare under PRRT. En s&ddan variation sags
ej for SI-NETs. Med den nu langre observationstiden pavisades ett svagt dos-
respons samband mellan absorberad dos i SI-NET och minskning av tumorer-
nas storlek, vilket inte noterats vid den forsta studien. Alltjimt fanns
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emellertid ett samband mellan méngden given radioaktivitet och krympning
av SI-NETs, men inte for P-NETs.

De pavisade olikheterna i beteendet hos P-NETs och SI-NETs uppfattas
vara av sadan art att tumdrtyperna bor betraktas som enskilda entiteter, och
genom att separat anpassa PRRT-protokollet till deras respektive sdrarter finns
forutsattningar att kunna forbattra behandlingsresultaten.

I arbete tre studeras receptorsvaret hos SI-NETs och normalvadvnad efter en
injektion av korttidsverkande SSA. Studien hade till syfte att kartligga recir-
kulationstiden for somatostatinreceptorerna i tumorer och olika normalvévna-
der. Studien innefattade fyra SI-NET patienter (tretton tumoérer) vilka genom-
gick upprepade *®*Ga-SSA-PET/CT undersokningar. Resultatet visade att
storre tumorer (>4 cm) har en snabbare cirkulationshastighet pa sina recepto-
rer, jamfort med sma tumorer vars receptoromsattning mer liknar normalor-
ganens (lever, mjélte och bukspottkortel). Dessa resultat ger en helt ny kun-
skap, och 6ppnar moéjligheten att genom foérbehandling med kortverkande
SSA kunna skydda normalvdvnader vid PRRT, och dédrigenom ¢ka radioakti-
vitetsupptaget i tumorerna. Alternativt kan man genom att minska mangden
given aktivitet efter forbehandling, uppna bibehallet radioaktivitetsupptag i
tumorerna.

Arbete fyra, utforskar om méangden omérkt SSA, i PRRT preparationen,
paverkar straldosen till P-NETs, SI-NETs och normalvévnader, stéllt i relation
till patientens hela tumorborda. Fran gruppen av 510 tidigare behandlade P-
och SI-NET patienter mellan aren 2006 och 2018, aterfanns 141 SI-NET och
46 P-NET patienter som var analyserbara. Varje patients totala tumdrborda
skattades med hjélp av en ny mjukvara fran Hermes Solution AB med en extra
funktion som kan avgridnsa omrdden med varierande aktivitet i ett storre tu-
morkonglomerat, vilket ger mer homogen information jamfort med tidigare
system.

Studien har inte kunnat pavisa nagon effekt av méngden omérkt SSA pa
det radioaktiva upptaget vare sig i tumorer eller normalvévnader, och ingen
relation till den totala tumorbordan. Eftersom data baserades pa undersok-
ningar insamlade under ett drygt decennium finns det sannolikt osékerheter i
resultatet, sisom att flera olika gamakameratyper anvindes under tidspe-
rioden, och att tidpunkten for undersdkning inte var anpassad for optimera
studiens métningar.
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