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Abstract
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Grade 2 small intestinal neuroendocrine tumours (G2 Si-NET) have higher proliferation index
(PI) Ki-67 (3-20%) and more aggressive clinical course than more indolent G1 tumours.
However they have not been studied separately. The aim of this thesis was to evaluate the
efficiency of standard treatments and to explore prognostic markers in this population.

In the first paper we showed that baseline chromogranin A (CgA) was associated with cancer-
specific survival (CSS) irrespective of treatment, and with progression-free survival (PFS ) after
peptide receptor radionuclide therapy (PRRT). Early CgA and 5-hydroxyindoleacetic acid (5-
HIAA) reductions were prognostic of longer PFS after somatostatin analogues (SSA), but not
after PRRT. In the second paper we found that treatment with SSA is effective in G2 Si-NET
(median PFS 12.4m, similar to PFS for G1 patients in the PROMID trial). Dose intensification
had modest effect. Importantly, in subgroups with lower (3-5%), intermediate (5-10%) and
higher Ki-67 (10-20%), PFS for SSA declined with increasing Ki-67 (31, 18 and 10m) , whereas
it was stable for PRRT (29, 25 and 25m). In the third paper, we evaluated an alternative
estimation method of PI (phospho-histone H3, PHH3). Both Ki-67 and PHH3 separated groups
of longer and shorter CSS (128 vs 95 and 149 vs 88m, HR: 1.18 and 1.16, respectively). PHH3
but not Ki-67-based PI was associated with PFS. A cut-off of >2 PHH3-estimated mitoses per
10 high-performance fields seemed to provide better discrimination. We finally investigated the
prognostic value of inflammation scores after treatment with PRRT. We found that parameters
based on CRP and albumin, but not derived neutrophil to lymphocyte ratio, were associated with
overall survival. After adding inflammation markers to a model of standard prognostic factors,
the model based on hypoalbuminemia had better prognostic power.

Collectively, these studies confirm the efficacy of standard medical treatments in G2 Si-NET,
but underline that SSA might be less effective in the higher Ki-67 subgroup. Additionally, they
investigate the prognostic value of tumour markers, inflammation and proliferation parameters,
which can be used for patient counseling and as stratification factors in future clinical trials.
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Abbreviations 

5-HIAA  5-hydroxyindoleacetic acid  

AJCC/UICC  
American Joint Committee on Cancer/ 
Union Internationale Contre le Cancer 

AIC Akaike’s information criterion 
AST Aspartate transaminase 
CgA Chromogranin A  
CHD  Carcinoid heart disease 

CI Confidence intervals 
CRP C-reactive protein 
CSS Cancer-specific survival 
CT Computed tomography 
dNLR Derived neutrophil to lymphocyte ratio 
DFS Disease-free survival 
ECOG PS  Eastern cooperative group performance status 
ENETS European Neuroendocrine Tumor Society  
ESR Erythrocyte sedimentation rate 
18FDG 18Fluorodeoxyglucose 
18F-DOPA 18Fluoro-dihydroxyphenylalanine  

FFPE Formalin-fixed, paraffin-embedded 
G1/2/3 Grade 1/2/3 
GBq Gigabecquerel 
GEP-NET Gastroenteropancreatic neuroendocrine tumour 
GPS Glasgow Prognostic Score 
HPF High power field 
HR Hazard ratio 
H&E Haematoxylin-eosin 
IFNa Interferon-alpha 
IHC Immunohistochemical 
IQR Interquartile range 
LDH Lactate dehydrogenase  
MC Mitotic count 
MRI Magnetic resonance imaging  



NEC  Neuroendocrine carcinomas  
NEN  Neuroendocrine neoplasms 
NET Neuroendocrine tumour 
NKA Neurokinin A 
NLR Neutrophil to lymphocyte ratio 
NPV Negative predictive value 
NSE Neuron-specific enolase 
NT-ProBNP N-termimal pro-brain-natriuretic peptide 
OS Overall survival 
PD Progressive disease 
PET Positron emission tomography 
PHH3 Phosphohistone H3 
PLR Platelet to lymphocyte ratio 
PFS  Progression-free survival 
PPV Positive predictive value 
PR Partial response 
PRRT Peptide receptor radionuclide therapy 
SD Stable disease 
SEER Surveillance Epidemiology and End Results 
Si-NET Small intestinal neuroendocrine tumours  
SIRT Selective internal radiation therapy 
SRI Somatostatin receptor imaging 
SRS Somatostatin receptor scintigraphy 
SSA Somatostatin analogues 
SSTR Somatostatin receptor 
TAE  Transarterial liver embolization  
ULN Upper limit of normal 
WHO World Health Organisation  
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Introduction 

Neuroendocrine neoplasms (NEN) are a group of tumours deriving from cells 
of the neural crest. They can manifest in various organs throughout the body, 
but have been traditionally studied as a homogeneous entity, based on their 
clinicopathological properties, namely that of containing secretory granules 
and producing biogenic amines and polypeptide hormones, which may give 
rise to hypersecretion syndromes. They are classified according to The Amer-
ican Joint Committee on Cancer/Union Internationale Contre le Cancer 
(AJCC/UICC) system in stage I-II (local disease), stage III (regional disease) 
and stage IV (metastatic) disease [1]. In an alternative classification system 
proposed by the World Health Organisation (WHO)/European Neuroendo-
crine Tumour Society (ENETS), NEN are described as Grade 1 (G1, indolent, 
slowly proliferating tumours), G2 (intermediate) and G3 neoplasms (higher 
proliferation rate). The last category incorporates both well-differentiated, G3 
tumours, and poorly differentiated neuroendocrine carcinomas (NEC) [2]. 

Small intestinal neuroendocrine tumours (Si-NET) are the third largest sub-
group of NET and represent 25-50% of all gastroenteropancreatic NEN [3]. 
They arise from the enterochromaffin cells of the small bowel and have a dis-
tinct clinical history compared to NEN from other sites. They often present at 
an advanced stage and feature characteristically lower proliferation indexes 
(Ki-67), with the vast majority belonging to the G1 and G2 groups.  

Epidemiology 
Si-NET are a relatively rare group of tumours. Incidence of Si-NET has been 
reported to be 1.12/100,000 in Sweden [4], 0.78/100,000 in Iceland [5], 
0.81/100,000 in Norway, 1.46/100,000 in the UK [6] and 1.05/100,000 in the 
US [7], and it appears to be rising steadily in most countries [6,8], with an 
almost five-fold absolute increase of age-standardised incidence between 
1995-2018 in one case [6]. Whether this increase might be wholly attributed 
to the routine use of cross-sectional and somatostatin-receptor imaging, or as-
of-yet-unknown environmental factors might contribute to this rising inci-
dence, remains to be seen [8]. The incidence post-mortem has been reported 
to be much higher, up to 1.22/100 [9]. 
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Pathology 
A pathological diagnosis requires examination of material from a biopsy or 
surgical specimen. Tumour morphology is examined with standard haematox-
ylin-eosin (H&E) slides; immunohistochemical (IHC) staining for Chro-
mogranin A (CgA) and synaptophysin are used to confirm diagnosis, and ad-
ditional markers (such as serotonin and CDX2) may indicate a primary tumour 
originating in the small bowel. Of note, negative staining for CgA might pre-
dict for more aggressive tumours, although this is unusual in Si-NET. 

Classification of all tumours according to grade and staging is mandatory. 
Estimation of the proliferation index Ki-67 in hot-spots or of the mitotic count 
(MC) is required, as these form the basis of the grading system (Table 1). 

 

Table 1. Classification of Si-NET according to WHO 2019 and AJCC/UICC 

Grade Differentiation Ki-67 (%) Mitotic count (per 10 HPF) 

G1 NET Well-differentiated <3 <2 

G2 NET Well-differentiated 3-20 2-20 

G3 NET Well-differentiated >20 >20 

NEC Poorly differentiated >20 >20 

Stage Extension 

T – primary tumour  

Tx Cannot be assessed 

T0 No evidence of primary tumour 

T1 Invades lamina propria or submucosa and size ≤1 cm 

T2 Invades muscularis propria or size >1 cm 

T3 Invades subserosa 

T4 Invades visceral peritoneum or other organs 

N – Regional metastases  

Nx Cannot be assessed 

N0 No regional lymph nodes 

N1 <12 lymph node metastases 

N2 ≥12 lymph node metastases, or mesenteric metastases >2 cm 

M – Distant metastases  

M0 No distance metastasis 

M1 Distant metastasis 

 a: liver, b: extrahepatic sites, c: liver + extrahepatic sites 

Stage grouping  

Stage I T1N0M0, Local disease 

Stage II T2-3N0M0, Local disease 

Stage III T4, any N, M0 or any T, N1-2M0, Regional disease 

Stage IV Any T, any N, M1, Metastatic disease  

 
WHO: World health organization, AJCC/UICC: American Joint Committee on Cancer/Union 
Internationale Contre le Cancer, HPF: high power fields. Si-NET: small intestinal neuroendo-
crine tumour. G3 NET or NEC are exceedingly rare.  
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Imaging 
Three-phase contrast-enhanced computed tomography (CT) is usually the in-
itial imaging modality used to visualize the primary tumour, lymph node and 
distant metastases. In these protocols, unenhanced images are acquired, fol-
lowed by images in the late arterial (portal-venous inflow) and venous phases. 
Magnetic resonance imaging (MRI) might be used to characterize metastatic 
lesions and for pre-surgery planning; it might also be used for long-term fol-
low-up of younger patients, in order to reduce radiation doses. CT and MR 
enteroclysis have high sensitivity (100% and 86-94%) and specificity (96% 
and 95-98%) for the detection of small bowel tumours [10]. 

Other imaging modalities might be employed in specific cases. Contrast-
enhanced ultrasonography can detect liver metastases, however the modality 
is investigator-dependent. Endoscopic procedures including colonoscopy, 
video-capsule endoscopy and double-balloon enteroscopy may be used, if 
available. 

Somatostatin receptor imaging (SRI) 
Radioligands binding to somatostatin receptor (SSTR) -2, which is expressed 
by most Si-NET, are used to visualize the tumours. The older somatostatin 
receptor scintigraphy (SRS) which used 111Indium as a radionuclide is largely 
replaced by positron emission tomography (PET), which uses 68Gallium as a 
radiotracer. Addition of 68Ga-DOTATATE-PET to 111Indium-SRS resulted in 
detection of additional lesions which would cause changes in planned treat-
ment in one third of patients in one study [11]. Other type of tracers such as 
18fluoro-dihydroxyphenylalanine (18F-DOPA) have limited availability. Small 
studies and a meta-analysis point to a slightly higher per-lesion detection sen-
sitivity when using 18F-DOPA-PET [12,13]. Even if 18F-DOPA-PET might be 
useful in special cases, the evidence does not seem to support its more wide 
adoption [14].64Cu-DOTATATE is a newer tracer with theoretical advantages 
in terms of transportability and detection rate [15] over 68Ga-DOTATOC/DO-
TATATE/DOTANOC but is currently not licenced for use in Europe. 

Due to their low proliferation indexes, 18Fluorodeoxyglucose (18FDG)-PET 
was not considered as useful in the diagnosis of Si-NET, but as potentially 
useful in the case of de-differentiated tumours, with higher Ki-67. However a 
recent Danish study showed that up to 40% (35/90) of Si-NET patients have 
positive uptake on 18FDG-PET, even among G1 and G2 tumours [16]. More 
importantly, across all tumour types included in this cohort, 18FDG-PET-pos-
itivity was prognostic for both overall survival (OS) and progression free sur-
vival (PFS), as well as for OS following treatment with peptide receptor radi-
onuclide therapy (PRRT). Dual imaging with both SSTR- and 18FDG-PET 
might provide additional prognostic information [17,18] and is advocated in 
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both Swedish and European guidelines for G3 and selected G2 tumours with 
higher Ki-67 [14,19]. 

In addition to its role in the diagnostic work-up of Si-NET, for the detection 
of both the primary tumour and metastases, SRI can be used to determine eli-
gibility for PRRT, and for treatment monitoring. As SRI might be negative in 
cases of small tumours, in tumours with lower SSTR-2 expression and in the 
rare case of undifferentiated Si-NET, it should be combined with diagnostic 
high-quality cross-sectional imaging.  

Symptoms 
Si-NET are sometimes found during investigation for a primary tumour in a 
patient with known metastases, or as incidental finding in radiology performed 
for other reasons. When symptomatic, they often present with non-specific 
symptoms like abdominal pain [4]. Hormone-related mesenteric fibrosis may 
result in mechanical small bowel obstruction, but also in vascular encasement 
and ischemia. The typical “carcinoid syndrome”, characterised by diarrhoea 
and flushing due to the secretion of serotonin and other vasoactive substances, 
presents in 13-22% of cases at diagnosis [4,20]. The development of right 
heart valve fibrosis (carcinoid heart disease, CHD) is a serious comorbidity 
present in 3% of patients at baseline and 4% during later stages [21]. It is 
associated with persistently high hormone levels. In extreme cases, a life-
threatening form of carcinoid syndrome (carcinoid crisis) might be caused by 
for example surgery or anaesthesia. 

Biomarkers 
No single biomarker has the sensitivity and specificity to be considered as a 
diagnostic tool [22]. However, in clinical praxis, two monoanalytes, plasma 
CgA and urine or serum 5-hydroxyindoleacetic acid (5-HIAA) are used to 
monitor the course of Si-NET during treatment of non-curable tumours, and 
may also have a role in the detection of recurrence after potentially curative 
surgery or other treatments.  

CgA is a polypeptide secreted by neuroendocrine cells in general. Although 
CgA correlates to tumour burden [23], its utility as a diagnostic tool is limited, 
as it might be falsely elevated in several non-cancerous conditions, including 
liver and kidney disease, and in the case of simultaneous use of proton pump 
inhibitors such as omeprazole [24]. Additionally, as there exist multiple assays 
for the measurement of CgA, with different cut-off values, results obtained in 
different labs might not be directly comparable [24].  
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5-HIAA, a by-product of serotonin, the main hormone produced by Si-
NET, was traditionally measured as the mean value of two 24-hour urine col-
lections. It is a reliable marker for the diagnosis of carcinoid syndrome, and 
might correlate with the development of carcinoid heart disease [25]. Patients 
have to restrict intake of serotonin-rich food during the period of urine collec-
tion. In recent years, measurement of 5-HIAA in serum or plasma has shown 
to be comparable with 24h-urine measurements [26,27] and has gained popu-
larity in clinical practice due to its convenience. However the method might 
be less optimal in cases of impaired renal function [26]. 

Additional circulating markers might correlate with specific symptoms, 
such as flushing (tachykinins) and with higher grade tumours (neuron-specific 
enolase, NSE, lactate dehydrogenase, LDH or aspartate transaminase, AST) 
but are not used in clinical routine for monitoring Si-NET. The N-termimal 
pro-brain-natriuretic peptide (NT-ProBNP) reflects the degree of heart strain 
in the patients with carcinoid heart disease; ENETS recommends its use for 
screening and follow-up of patients with suspicious symptoms in a recent 
guidance paper [28].  

Treatment 
Operation is the cornerstone of treatment for localized disease. Unlike most 
other tumour types, where metastatic disease often precludes surgical ap-
proaches, debulking procedures are meaningful in selected cases, especially 
those with high symptom burden.   

Most Si-NET express SSTR and somatostatin analogues (SSA) are the 
most used treatment for both symptom and tumour control. Other medical 
treatments include PRRT, everolimus, Interferon-alpha (IFNa) and telotristat 
ethyl [3]. 

Surgical and invasive procedures 
Surgery of the primary tumour and metastases is the initial treatment of 
choice, if radical resection is feasible. Resection with curative intention results 
in excellent 5-10 year survival rates of 80-100% in local and regional disease. 
Surgery should therefore be planned with the goal of achieving R0 resection, 
including lymph node dissection.  

Although centralization of surgery has been advocated, a recent systematic 
review showed contradicting results regarding 90-day post-operative morbid-
ity and mortality in low- and high-volume centres [29]. The surgical approach 
should attempt a systematic lymphadenectomy while reducing the risk for a 
short bowel syndrome. It has been suggested that at least 8 lymph nodes 
should be extracted for examination, and that >4 positive lymph nodes are 
associated with shorter recurrence-free survival [30]. Manual palpation should 
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be performed in order to locate additional concomitant tumours. Peritoneal 
metastases might be dissected. 

If an R0 resection cannot be accomplished, an operation might still be of-
fered if bowel circulation is threatened due to tumour extension. Surgery for 
mesenterial fibrosis, a serious event during the course of Si-NET, which re-
sults in shorter OS and deterioration of quality of life with abdominal pain and 
obstruction, remains controversial and possibly limited to symptomatic pa-
tients [31,32]. Primary operation in cases of asymptomatic tumours is still 
controversial. Several retrospective and registry analyses had shown longer 
survival after non-radical operation of the primary tumour [31,33,34]. How-
ever patients operated are often younger and fitter. A recent study analysed 
propensity-score matched patients treated with prophylactic surgery within 6 
months from diagnosis vs nonsurgical treatment or delayed surgery in a Swe-
dish cohort. Although the prophylactically operated patients performed signif-
icantly better in the unmatched cohorts, the survival benefit was lost in the 
matched cohorts [35]. Other institutional series show contradicting results 
[36]. The difference might be due to the higher percentage of patients treated 
with delayed resection in the Swedish cohort. 

Resection of limited liver disease should be considered. Cytoreductive liver 
surgery may be considered if the bulk of disease can be operated safely, with 
a goal to reduce tumour burden and hormonal secretion, and therefore achieve 
better symptom control. Other types of locoregional treatment of liver metas-
tases are radiofrequency or microwave ablation, transarterial liver emboliza-
tion (TAE) and selective internal radiation therapy (SIRT). 

Somatostatin analogues (SSA) 
SSA (octreotide and lanreotide) are indicated for tumour growth inhibition in 
SSTR-positive Si-NET, and for the control of symptoms related to the car-
cinoid syndrome. Octreotide is available as a short-acting subcutaneous and 
as a long-acting (Octreotide LAR) intramuscular formulation. Lanreotide is 
only available as a long-acting formulation.  

Treatment is often started with a short test of subcutaneous octreotide (50-
100 μg 2-3 times a day over a few days) to test for tolerability, before using 
the long-acting formulations.  

The optimal starting doses of the latter have not been formally investigated; 
historically, treatment was initiated with below-label doses of SSA, whereas 
nowadays Octreotide LAR 30 mg or lanreotide 120 mg every 4 weeks are 
typically used, based on two phase 3, placebo-controlled clinical trials 
(PROMID and CLARINET). PROMID included exclusively treatment naïve 
G1 tumours treated with Octreotide LAR; median time to tumour progression 
favoured the SSA group at 14 vs 6 months [37]. CLARINET investigated the 
use of lanreotide in non-functioning gastroenteropancreatic (GEP)-NET with 
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Ki-67 <10% (4% with progression at baseline) and showed a 2-year PFS of 
65% vs 33% in favour of SSA [38].  

Treatment with SSA usually continues as long as there is evidence of clin-
ical benefit, and often after disease progression, concomitantly with additional 
medical or interventional treatments. Increase of SSA dose is often used as a 
first step after progression of Si-NET on first-line SSA, based on retrospective 
publications and on data from the control arms of two randomized trials, re-
porting median PFS of 6.8 and 8.4 months with the use of above-label SSA 
doses [39–43]. This practice is also supported by a prospective phase 2 trial 
(CLARINET FORTE) with above-label dose of lanreotide that recently re-
ported moderate efficacy, with a median PFS of 8.3 months in the Si-NET 
subgroup. Only 22 of 51 patients had Ki-67 >2% and only 4 patients >10%; 
the latter had a median PFS of 5.5 months [44]. Based on this data, treatment 
intensification with above-label SSA doses has been advocated mainly for G1 
and lower G2 patients, with Ki-67 indexes <10%. Recently, however, treat-
ment-naïve patients with Ki-67 >10% who were treated with above-label SSA 
doses in the control arm of the NETTER-2 study achieved a median PFS of 
8.5 months [45]. This might imply a higher than expected efficacy of high-
dose SSA even in the high-G2 population. 

Peptide Receptor Radionuclide therapy (PRRT) 
PRRT is indicated for the treatment of SSTR-positive G1-G2 Si-NET. 177Lu-
DOTATATE (Lutathera) is nowadays registered based on the results of the 
NETTER-1 study, which showed higher 20-month PFS rate (65% vs 11%) for 
PRRT compared with an above-label dose of SSA in progressive SSTR-posi-
tive Si-NET (30% G2 tumours) [43]. Longer follow-up showed a median OS 
of 48 and 36 months, respectively [46]. Recently, the NETTER-2 trial com-
pared treatment with high dose SSA with the combination of 177Lu-DOTA-
TATE and SSA in newly diagnosed well-differentiated GEP-NET patients 
with Ki-67 between 10-55%. Median PFS favoured the combination arm (8.5 
months vs 22.8 months). One-third of the patients had Si-NET. The hazard 
ratio (HR) for PFS for the Si-NET subgroup was similar to the HR for the 
overall population (0.30 vs 0.28) [45]. As OS results are immature, it remains 
to be seen whether the PFS benefit with translate in OS difference. 

 Treatment with PRRT consists of four doses of 7.4 GBq every approxi-
mately two months. Other approaches, including combination with other ra-
dio-labelled molecules and chemotherapeutics, and a dosimetry-based treat-
ment are being investigated. The latter has been common practice in Sweden 
[47] and is now formerly investigated in a prospective, randomized clinical 
trial (STARTNET). Common side-effects include nausea and vomiting, hae-
matological and renal toxicity. Development of leukaemia and myelodysplas-
tic syndromes are unusual (2% in the NETTER-1 study [46]) but serious com-
plications. 
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The value of SSA maintenance after treatment with PRRT has not been 
adequately studied. Maintenance therapy in symptomatic or high volume tu-
mours has been standard praxis. However a prospective, randomized, single-
centre study in well-differentiated NET of various origins failed to show any 
benefit in terms of PFS or OS [48]. Similarly, there is no prospective data on 
rechallenge with PRRT after progression. However, a recent meta-analysis of 
retrospective studies on retreatment with 177Lu-DOTATATE showed a me-
dian PFS of 13.4 months and an OS of 26.8 months from the start of retreat-
ment, while the rate of grade 3 and 4 events were comparable to initial therapy 
[49]. Retreatment with PRRT is thus a reasonable choice in fit patients with 
adequate SSTR expression who responded after the first PRRT treatment. 

Everolimus 
Based on the results of the RADIANT-4 trial, everolimus is registered for the 
treatment of progressive G1/G2 non-functional Si-NET at a dose of 10 mg 
daily per os. RADIANT-4 showed a longer median PFS for everolimus com-
pared to placebo (11 vs 4 months) in non-functioning NET of lung or gastro-
intestinal origin including one third G2 tumours [50]. However, a post-hoc 
subgroup analysis did not show a benefit from everolimus in the more indolent 
ileal NET [51].Common side effects include stomatitis, diarrhoea, hypergly-
caemia and non-infectious pneumonitis and often lead to dose reductions. 
Given the good tolerability and quality of life improvements associated with 
treatment with PRRT [52], everolimus is generally considered a third-line op-
tion after failure of treatment with PRRT for SSTR-positive patients. How-
ever, it might be considered earlier in cases of patients with low or negative 
SSTR expression. The COMPETE phase 3 trial will compare everolimus with 
177Lu-edotreotide in patients with well-differentiated, SSTR-positive tumours. 

Interferon-alpha (IFNa) 
IFNa has been registered for the treatment of Si-NET associated with car-
cinoid syndrome, but not for its antiproliferative activity. It has limited avail-
ability, but might be a reasonable option as an addition when treatment with 
SSA fails, and in tumours not suitable for SSA, such as in patients who cannot 
tolerate SSA, or who have SSTR-negative tumours. IFNa 2b (IntronA) is ad-
ministered at a standard dose of 3-5 MU three times a week. A pegylated for-
mulation (PegIntron) is available for administration once weekly at a dose of 
50-150 μg/week. Common side-effects include fatigue, fever and flu-like 
symptoms, myelosuppression, depression and autoimmune conditions 

Three small randomised trials showed some benefit for the combination of 
SSA and IFNa compared to single SSA, but they could not show a statistically 
significant OS difference [53]. As there are no head-to-head prospective, ran-
domized trials comparing the different medical treatments, two recent network 
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meta-analyses examined the efficacy of IFNa in combination with SSA in 
non-pancreatic NET [54,55]. In both meta-analyses, PRRT+SSA was the most 
effective intervention (HR for PFS 0.07-0.08), followed by bevaci-
zumab+SSA (HR 0.18-0.22), everolimus+SSA (HR 0.12-0.31), IFNa+SSA 
(HR 0.23-0.27) and single SSA (HR 0.34-0.40). 

Tryptophan hydroxylase inhibitors 
Telotristat ethyl is registered for the treatment of secretory diarrhoea related 
to the carcinoid syndrome, which is refractory to treatment with only SSA. 
Two randomised trials assessed the efficacy of telotristat ethyl in patients with 
≥4 bowel movements per day while on SSA, and showed a >40% response in 
terms of reduced bowel frequency, and >80% reduction in 5-HIAA levels, 
with a favourable safety profile. Most notable adverse events were nausea and 
dose-dependent increases in hepatic enzymes [56,57]. 

Non-registered treatments 
Angiogenesis has been explored as a rational target in multiple small Si-NET 
trials. The pivotal trial of sunitinib, the only anti-angionetetic tyrosine kinase 
inihibitor currently registered for treatment of pancreatic NET did not include 
Si-NET [58]. Axitinib [59], pazopanib [60], lenvatinib [61], surufatinib [62] 
and cabozantinib [63] have demonstrated some activity in phase 2 clinical tri-
als, and cabozantinib showed prolonged PFS in a phase 3 setting [64]. As of 
today, though, no tyrosine kinase inhibitor has been approved for use in Si-
NET. 

SSTR-negative tumours 
Tumours with low expression of SSTR remain a therapeutic challenge, as 
PRRT is not effective in this population, everolimus is only approved for non-
functional Si-NET and use of SSA is less documented. A propensity-score 
matched analysis of 69 SSTR-negative and 69 SSTR-positive patients showed 
a median OS of 38 vs 131 months, with SSTR-negativity as an independent 
negative prognostic factor of OS in adjusted analysis. Median PFS for SSTR-
negative and SSTR-positive patients treated with SSA was 15 and 47 months, 
and median OS did not differ for SSTR-negative patients depending on 
whether they were treated with SSA or not [65]. Both IFNa, everolimus and 
other tyrosine kinase inhibitors might be reasonable options, if available. 
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Chemotherapy 
Cytotoxic chemotherapy has, in general, no role in low-grade Si-NET. Vari-
ous chemotherapeutics have been historically tested with low response rates, 
reported to be 11.5% in a meta-analysis [66]. However this study included 
mixed populations of gastrointestinal NET, and the response rate of the more 
indolent si-NET might be even lower. Chemotherapy regimens most usually 
used include temozolomide, capecitabine and 5-Fluorouracil-based combina-
tions [67–70]. In the case of a very rare, poorly differentiated NEC, platinum-
based chemotherapy might be used [71].  

Prognostic markers 
Clinical parameters 
Age 
Multiple studies have associated age with both cancer-specific survival (CSS) 
and OS. In most cases, a year of increasing age is linked to 2-3% increase in 
mortality [72,73]. This increase seems to be consistent across multiple age 
groups. For example, a Swedish study showed that in Si-NET patients aged 
<50, 50-59, 60-69, 70-74 and ≥75 years, the risk for deaths steadily increased 
(HR for OS: 1; 1.77; 3.68; 6.20; 11.28, respectively) [74]. 

Sex 
Male sex seems to consistently confer a slightly higher risk for death from Si-
NET, but the result has often been non-significant in all but the largest data-
base series. In a Surveillance Epidemiology and End Results (SEER) database 
analysis of a mixed GEP-NET population, being a female conferred a 25% 
reduction in risk for death [75]. Modlin et al similarly reported a lower HR for 
death of 0.8 for Si-NET female patients [76]. On the other hand in two purely 
Si-NET Swedish cohorts, the authors reported 12-20% higher risk for death 
for male patients, with the results not being significant [72,74]. 

Interestingly, the latest SEER analysis including only metastatic Si-NET 
shows no difference, with a HR of 1.02 [77].  

Symptom burden 
The presence of carcinoid syndrome at baseline has uncertain effect on disease 
outcome. Baptiste et al reported decreased 3-year relapse-free survival, but 
not OS in patients presenting with symptomatic disease [78]. Three institu-
tional cohorts similarly reported no effect on OS, with HR between 0.95 and 
1.05 [21,74,79]. An older report showed some association between OS and 
hormonal symptoms in unadjusted analysis, but this was lost in adjusted anal-
ysis [23]. As this was a population treated before SSA became standard of 
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care for symptom control, the results of that study might not represent the 
modern landscape. 

Year of treatment start 
Some but not all studies report a trend to improved survival in patients diag-
nosed in recent years. A SEER database analysis showed longer OS for pa-
tients with metastatic Si-NET diagnosed after 2007 (HR 0.79), with the result 
being borderline significant [77]. A similar HR was reported in the above-
mentioned Swedish cohort, with the result though not reaching significance, 
possibly because of the limited number of patients [72]. 

Carcinoid heart disease (CHD) 
Multiple reports associate CHD to shorter OS in unadjusted analysis 
[74,79,80]; however the effect is often lost after adjustment for potential con-
founders [79,80]. For example, Bergestuen et al reported a HR for OS of 1.76 
in unadjusted analysis but 0.7 in the adjusted analysis of a Norwegian Si-NET 
cohort. 

Performance status 
Eastern cooperative group performance status (ECOG PS) ranks patients in a 
scale of 0 (indicating no symptoms) to 4 (seriously compromised). At base-
line, it is a powerful prognostic factor for OS and treatment effect in multiple 
cancers. Chou et al reported that survival was 70% worse for patients with 
ECOG PS 2-3 vs those with a PS of 0-1 in a mixed cohort of GEP-NET (HR 
0.30 in favour of the low PS group) [81]. Laskaratos et al similarly reported a 
trend to worse survival in Si-NET patients with desmoplasia and increasing 
PS (1 vs 0, HR 1.46; 2 vs 0, HR 2.17) [79], while Levy et al in a larger cohort 
of 400 Si-NET found a PS of 2 to be a strong predictor of CSS (HR 4.4 in 
adjusted analysis) [82]. 

Baseline metastatic status 
Liver 
Liver is often the first distant metastatic site in Si-NET, with the incidence of 
liver metastases reported between 31-56% at initial diagnosis [4,21] and >70% 
in advanced disease [79]. A study of midgut carcinoids showed that the pres-
ence of liver metastases at diagnosis conferred a higher risk of death (HR 2.3) 
[83]. The relationship between liver metastases and survival outcomes has 
been hard to quantify, and several different cut-offs have been proposed. In a 
post hoc analysis of the CLARINET mixed GEP-NET study population, the 
authors used cut-offs of 10%, 25% and 50%. Increasing metastatic volumes 
resulted in increasing HRs, but the differences became significant only for 
liver involvement >25% [84]. Multiple series have used cut-offs of 25% and 
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50%. Only one of them showed a significant correlation in adjusted analysis 
[79,85]. In the PROMID trial, a cut-off of 10% was used; patients with more 
than 10% liver involvement had a higher risk of death, with a HR of 2.49 [37].  

Other series have studied the number of metastasis: In a Swedish cohort, 
fewer than 5, 5-10 and >10 liver metastases were associated with HR for death 
of 1.58, 2.55 and 2.9, respectively, compared to the absence of liver metastases 
[74]. In an older cohort, the presence of more than 5 metastases conferred a 
higher risk for death in unadjusted analysis (HR 3).  

Bone metastases 
Bone metastases are often a late event and are reported at around 2% of pa-
tients at baseline [4,21], whereas one institutional series focusing on meta-
static Si-NET with desmoplasia reported significantly higher rates [79]. In this 
series, bone metastases were associated with OS in unadjusted, with the result 
being borderline significant in adjusted analysis (HR 1.70). In a German 
mixed GEP-NET cohort, synchronous bone metastases were coupled to al-
most 3 times higher risk of death (HR: 2.5).  

The frequency of bone metastases increases in more advanced disease. A 
large Swedish cohort of 753 Si-NET patients found that 23% had bone metas-
tases in SSTR-PET [86]. In 138 patients with survival data, having more than 
five bone metastases was associated with shorter 5-year OS (21 vs 58%) [87]. 

Lung metastases 
Lung metastases have been reported at approximately 1% of patients at base-
line [21] and as high as 8% [79] at later stages. Impact on OS remains uncer-
tain, with the result being borderline significant in an institutional cohort (HR 
1.93) [79]. 

Other metastases 
Distant abdominal lymph node metastases were associated with shorter OS in 
a Swedish cohort (HR 1.47) [88]. Ovarian metastases seemed to confer a 
higher risk for death in a small study including 35 patients with metastatic Si-
NET (HR 2.8); the result was borderline significant in adjusted analysis [89]. 
However, another study failed to show any difference in median OS between 
patients with and without ovarian metastases (p=0.76) [90]. Peritoneal metas-
tases have recently gained interest, as they seem to be associated with consid-
erably higher risk for death or progression in some reports. They are found at 
9-37% at diagnosis [4,21,91]. In a national registry with mixed GEP-NET tu-
mours, in which metastases from Si-NET accounted for half of the peritoneal 
metastases, having a tumour extending to the peritoneum conferred a higher 
risk for death (HR 2.3). However, among all patients with metastatic disease, 
the additional presence of peritoneal metastases was not associated with worse 
survival [91]. In a large cohort of Si-NET, the presence of peritoneal carcino-
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matosis, as detected perioperatively, was associated with lower long-term sur-
vival rates, with 10-year OS of 32 vs 54%. The result was statistically signif-
icant [74]. 

The presence of synchronous metastasis was associated in a study with a 
higher risk of death from any cause, with a HR of 2.4. Both extrahepatic and 
extra-abdominal disease at diagnosis appear to be negative prognostic factors. 
In a study of metastatic Si-NET, extrahepatic involvement was related to 
worse 5-year CSS, 68 vs 88%. The difference was significant in adjusted anal-
ysis [85]. The presence of extra-abdominal metastases was also associated 
with a HR for OS of 2.1 [74]. 

Biomarkers 
CgA 
Higher CgA levels at baseline are associated with shorter survival [31] while 
significance of CgA changes for predicting worse response to treatment is still 
unclear, with two recent reviews reaching contradicting conclusions [24,92]. 
Post hoc analysis from phase 3 trials showed that an early decrease in CgA 
related to a decreased risk of progressive disease for SSA [93] and everolimus 
[94] but not for PRRT [95]. In any case, a recently published prospective study 
showed only a weak association between changes of CgA and changes in tu-
mour burden, and CgA can thus not be used as a sole marker of disease pro-
gression [96].  

5-HIAA 
Less is known about the prognostic and predictive value of 5-HIAA in Si-
NET. Two studies examined the prognostic value of baseline 5-HIAA at a cut-
off of 10 times the upper limit of normal (ULN), with only one reporting a 
significant correlation [79,97].  

Inflammation markers 
Cancer-associated inflammation has been associated with prognosis and treat-
ment response in various cancer types. Several inflammation parameters are 
easy to measure in routine blood tests. Maurer et al reported that normal levels 
of C-reactive protein (CRP) were associated with lower risk of death (HR 
0.38) in 138 patients with unresectable, stage IV Si-NET [98]. In another study 
of 281 patients with intestinal NET operated with curative intent (56% of 
which were Si-NET), a neutrophil to lymphocyte ratio (NLR) of ≥2.47 was 
associated with higher risk of lymph node metastases and with shorter OS (116 
vs 160 months) [99]. Recently a systematic review and meta-analysis of the 
prognostic significance of inflammation biomarkers in GEP-NET of various 
origins confirmed the association between higher CRP, NLR and platelet to 
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lymphocyte ratio (PLR) levels and shorter OS. Additionally, higher NLR lev-
els were associated with shorter disease-free survival (DFS) and higher CRP 
and PLR levels were associated with shorter PFS in this mixed population 
[100].  

Genomic assays 
Genomic assays such as the NETest® have been argued to provide a more 
precise alternative [101]. However, trials to date have examined the prognos-
tic ability of the NETest® in relation to disease status and progression instead 
of OS, and their role is yet to be determined [102]. 

Other 
In an analysis of data from a prospective trial of patients treated with SSA 
with the addition of interferon or bevacizumab, elevated NSE levels were 
found to be prognostic for both OS and PFS [103]. Increased circulating neu-
rokinin A (NKA) levels has been reported to be a marker of worse survival at 
a cut-off of 50 ng/ml. More importantly, patients achieving a reduction of 
NKA below these levels through treatment had a longer median OS [104]. 
Plasma kallikrein-14 levels at the time of diagnosis have been shown to pre-
dict early major CgA responses after treatment with SSA in the prospective 
Nordic EXPLAIN biomarker study, which examined the use of a 93 plasma 
protein biomarker panel [105]. This multiple biomarker/machine learning ap-
proach could be used to detect Si-NET and predict the risk of progressive dis-
ease [106,107].  

Grade, Ki-67 and mitotic count 
Cell cycle 
A proliferating cell progresses through a series of well-characterized, tightly 
regulated events which are divided into four phases: In G1 (Gap phase 1), the 
cell grows in size and prepares the necessary enzymes and organelles. In S 
phase the actual DNA replication occurs, whereas in the G2 (Gap 2) phase, 
growth continues and the cell prepares for mitosis (M phase). The prolifera-
tion rate of tumour cells is considerably higher than that of most normal cells.  

Mitosis represents only 5% of the total time a cell needs to divide. In a 
human cell culture, interphase (G1 to G2 phase) would take 23 hours of a 24 
hour cycle, while M phase would occupy 1 hour [108]. Not all cells entering 
G1 or G2 phases will successfully complete mitosis; cells that have not suc-
cessfully completed all necessary steps or that have accumulated critical errors 
during DNA replication are stopped in a number of checkpoints, the most 
well-known of which are the G1/S and G2/M checkpoints. Counting mitoses 
rather than dividing cells might thus more accurately represent a tumour’s 
rhythm of proliferation.  
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Grade and Ki-67 
Ki-67 is probably the most important prognostic factor for NET, and forms 
the basis of the WHO classification system. It is an antibody against a protein 
which is abundant in the G1, S, G2 and M phases of the cell cycle, but is not 
expressed during the resting (G0) phase. Ki-67 functions as a biological sur-
factant, allowing the mitotic chromosomes to separate [109]. It can be used to 
distinguish cells which are actively dividing, and thus estimate the Ki-67 in-
dex, that is to say the ratio of tumour cells in the proliferation phase.  

The Ki-67 index is assessed in Ki-67-stained tissue slides. Assessment 
might be done through quickly scanning the slide and giving a rough estima-
tion (“eye-balling”), or by manually counting stained cells. Initially, a 
pathologist identifies areas with high proliferation “hot-spots” by examining 
the entire slide at low magnification. Then a high-power field (HPF, typically 
40x objective) is used to count the proportion of Ki-67-positive cells in rela-
tion to the total number of tumour cells in this area. Typically a pathologist 
needs to count between 500 to >2000 tumour cells in immunohistochemically 
stained slides, and estimate the percentage of cells that stain positive for the 
Ki-67 antibody [110].  

An increasing Ki-67 correlates with increased risk for death, with a HR of 
1.12-1.19 [73,85,111] and for progression with one study reporting a HR of 
1.14 [73]. Increasing grade correlates with shorter survival. For example, an 
institutional Si-NET cohort validated the ENETS grading system, showing 
that G2 tumours had almost twice, and G3 tumours 38 times as high risk of 
death as G1 tumours [21].  

The current grading system suggests cut-offs of 3% and 20% for the clas-
sification of tumours as G1, G2 and G3. In one study, a lower cut-off of 1% 
did not provide additional information to distinguish between G1/G2 tumours 
[72]. On the other hand, a higher cut-off has been suggested as showing more 
discriminative power. In one study, the adjusted risk of death was 2.4 times 
higher for G2 vs G1 tumours at a cut-off of 2%, and 4 times higher at a cut-
off of 5% [73]. A similar increase in the risk of death with a HR of 4 for 
patients with Ki-67 >5% was reported in another study; all cut-offs tested 
yielded significant results, but the authors concluded that a cut-off of 5% 
might better identify a small group of high-risk, well-differentiated tumours 
who might benefit of closer follow-up [111]. 

Heterogeneity 
Tumours are heterogeneous. As a rule, Ki-67 is calculated in hot spots. Some, 
but not all reports support the idea that Ki-67 might differ between the primary 
tumour and metastases. In a mixed GEP-NET cohort with 80% Si-NET, one 
third of the patients had different grade in the metastases compared to the pri-
mary. Notably though, in 10/35 cases where grade differed, biopsies from the 
metastatic sites showed a lower rather than higher grade. Most interestingly, 
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5-year PFS and OS were lower in patients with increased versus those with 
stable grade (55 vs 8%, and 92 vs 54%) [112]. In another mixed cohort, pa-
tients were re-assessed with new biopsies at the time of disease progression. 
A grade change was seen only in pancreatic, but not in Si-NET, with the me-
dian Ki-67 also remaining unchanged [113]. 

Mitotic count 
Another way of quantifying tumour proliferation is through counting mitoses. 
This can be done in routine haematoxylin-eosin (H&E) slides. Similarly to Ki-
67 index estimation, a pathologist starts by identifying “hot-spots” and then 
uses a HPF to count cells actively undergoing mitoses. Traditionally, the num-
ber of mitoses per 10 HPF is reported. However, as the area covered by a HPF 
is different for different microscopes [114], results are often reported per 2 
mm2. 

There is some correlation between MC and survival, and a cut-off of 2 mi-
toses per 10 HPF is used as a limit between G1/G2 tumours. As is the case 
with Ki-67, the use in various studies of arbitrary, post hoc selected cut-offs 
precludes firm conclusions. In one cohort, increased number of mitoses was 
related to higher risk for death with a HR of 1.19 in non-metastatic and 1.12 
in metastatic Si-NET [111]. The authors tested 11 different cut-offs, conclud-
ing that all but 4, 5 and 6 were significant. On the contrary, Strosberg et al 
reported that a MC >5 rather than >2/10 HPF provided best discriminative 
power [21]. 

Caveats of Ki-67 and mitotic count 
Even if Ki-67 index and MC are well-established methods used in several tu-
mour types, there are several considerations regarding accuracy and time con-
straints. The quickest method to estimate Ki-67 is eye-balling. However, eye-
balling comes at the expense of significant interobserver variability and is not 
recommended [115]. On the other hand, the method WHO endorses, manual 
counting in hotspots, is quite resource-intensive, as it requires counting of up 
to 2000 cells. Location and size of the selected hotspot as well as heterogeneity 
might also influence the result. Huang et al recently showed, for example that 
choosing a smaller hotspot area resulted in a higher Ki-67 index. The whole 
process could take up to 10 minutes per case [110]. Automated systems and 
AI-driven approaches might solve these issues in the future. However as of 
now, these attempts have only been partially successful. Lea et al recently 
showed excellent agreement with a correlation coefficient of 0.96 when com-
paring pathology review of Ki-67 with a digital analysis system, and kappa 
value of 0.86 for grade estimation [116]. On the other hand, Hacking et al 
found that performance of their digital image analysis system was suboptimal 
[117]. It is also worth noting that, although Ki-67 is associated with outcomes 
after treatment with SSA, this association is less certain when it comes to treat-
ment with PRRT. 
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Similar to estimating the Ki-67 index, counting mitoses can be influenced by 
tumour heterogeneity and interobserver variability. The most usual problem 
is correctly distinguishing cells undergoing apoptosis or necrotic from mitotic 
cells [118]. The correct identification of hotspots, poor tissue preparation, ar-
tefacts such as crashed cells and the variation of the size of HPF for different 
microscopes might pose additional challenges. 

Phosphohistone-H3 (PHH3) 
Histones are proteins related to chromatin structure. PHH3 is a histone H3 
isoform phosphorylated during cell proliferation. As the phosphorylation of 
histone H3 only occurs when cells are dividing, PHH3 could be used for iden-
tifying mitotic cells, mitigating some of the disadvantages of Ki-67 and MC. 
PHH3 is not found during apoptotic procedures; thus the risk for incorrect 
characterization of apoptotic cells as dividing cells is reduced. PHH3-based 
MC have demonstrated near-perfect interobserver agreement [119]. Addition-
ally, in comparison to Ki-67, PHH3 stains cells during the late G2 and M 
phases and might be a more accurate marker of mitosis. Of note, tumours 
graded based on PHH3 MC have higher grade [120]. 

PHH3 has been studied as a marker of proliferation activity in several tu-
mours including breast cancer, melanoma and meningiomas. It has also been 
assessed in conjunction with pancreatic and lung neuroendocrine tumours, but 
not in Si-NET [110,116,119–127].  

Other predictive and prognostic markers 
Survival has been reported to be better for patients attending a specialist clinic 
[104]. Smoking did not show a significant correlation to survival [79]. Tumour 
growth rate assessed using consecutive CT scans has been suggested as a 
novel biomarker. In a post hoc analysis of a randomized prospective trial of 
patients treated with SSA vs placebo, a growth rate of >4% per month was 
found to be associated with worse survival [84]. Unfortunately, this biomarker 
is hard to assess outside a research facility and has currently limited value in 
clinical praxis.  

IHC staining for SSTR expression has been explored as a potential marker 
and seems to have some value in univariable analysis. In one study, SSTR2-
positive Si-NET had longer OS (HR 0.37), as well as longer PFS after treat-
ment with SSA (HR 0.40) compared with SSTR2-negative tumours, after ad-
justment for age, sex, tumour stage and Ki-67. There was no survival ad-
vantage for SSTR1, 3, 4 or 5-positive tumours [128]. However, indirect infor-
mation on SSTR expression is routinely derived in clinical practice through 
SRI, and it would be more relevant to examine whether IHC staining provides 
additional information. Indeed, in a study of mixed GEP-NET patients se-
lected for treatment with PRRT based on positive SRS, 93% of patients were 
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also positive for SSTR2a based on immunohistochemistry. However there 
was no correlation between IHC positivity and best response to PRRT [129]. 

Follow-up 
Si-NET can metastasize late and therefore follow-up might be lifelong and 
depends on whether resection with curative intent has been performed. Con-
trols include tumour markers (CgA, 5-HIAA) and cross-sectional imaging (3-
phase CT or MRI). ENETS recommends, follow-up with 6-12 month intervals 
in radically resected tumours, except in the case of higher grade tumours, 
where imaging might be performed at 3 months. Patients who have not been 
treated with curative intent are followed initially every 3-6 months, and inter-
vals can be later extended for slowly growing tumours [20].  

SRI may be performed preoperatively to determine tumor spread and is 
usually performed post-operatively, in order to determine the presence of re-
sidual disease. It is often performed in cases of tumour progression, when 
treatment with PRRT is considered in order to determine eligibility and when 
there is discrepancy between radiological, clinical and biochemical findings. 
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Aims 

The aims of the present studies were: 
I. To investigate the prognostic value of baseline CgA and 5-HIAA and of 

the early biochemical response to treatment in G2 Si-NET, and to compare 
different cut-off values used in the literature. 

II. To evaluate whether standard medical treatments are equally effective 
in G2 Si-NET and in distinct subgroups based on the proliferation marker Ki-
67. 

III. To investigate whether mitotic count, as estimated by PHH3, might bet-
ter predict outcomes of patients with Si-NET, compared to Ki-67.  

IV. To estimate whether the addition of inflammation markers in models 
based on standard clinical prognostic factors further improves the models, and 
to compare the prognostic value of various inflammation markers. 
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Materials and Methods 

All patients with metastatic G2 Si-NET diagnosed between 2000 and 31 May 
2017 (paper I, n=184) or 2019 (paper II, n=212) and treated at the Department 
of Endocrine Oncology, Uppsala University Hospital, a tertiary referral cen-
tre, and at the Department of Oncology, Ryhov County Hospital, a regional 
hospital, were eligible for inclusion. Patients operated radically and not re-
lapsing during the study period were not included. Subsequently PHH3 and 
Ki-67 stains for all patients with available formalin-fixed, paraffin-embedded 
(FFPE) tumour blocks were evaluated (paper III, n=73). Following approval 
from the Uppsala ethical review board (Dnr 2017/403), data on patients’ clin-
ical status including ECOG PS, treatments given, laboratory tests and cause 
of death were extracted from the hospitals’ medical records. Survival status 
was censored at respective study end, or at last known contact. Causes of death 
due to tumour progression, adverse events, surgical morbidity and cases where 
cause of death was indeterminate but cancer-related death likely, were classi-
fied as cancer-specific mortality. Patients dying from causes not related to 
their NET tumour were censored at time of death.  

For paper IV, all patients with progressive metastatic or unresectable NET, 
adequate somatostatin receptor expression and organ function who were 
treated with PRRT between 2005-2015 based on mostly a dosimetry-guided 
protocol, were retrieved from a prospective internal database. For this study, 
overall survival was the primary endpoint, defined as time from PRRT start to 
death from any cause. Baseline blood tests and clinical data were extracted 
from hospital records. 

Patient characteristics 
For paper I, we included 184 patients with metastatic G2 Si-NET. Of those, 
182 had been treated with SSA, 93 with IFNa and 92 with PRRT. Four patients 
were re-treated with IFNa and 13 with PRRT. Ki-67 at treatment start was 7, 
6 and 8% for the different treatment groups. Baseline CgA was 6.8, 8.0 and 
16.5xULN, and baseline 5-HIAA 4.6, 4.2 and 6.1xULN.  

 
For paper II, we included 28 additional patients (n=212). Among the 212 pa-
tients, 85 (40%) were female. Median age at start of treatment was 65 years. 



 

 33

The primary tumour was operated in 151 patients (71%). The cohort included 
210 treatment cases with SSA, 141 with PRRT (116 as first treatment and 25 
rechallenges), 104 with IFNa (95 as first treatment and 9 rechallenges), 29 
with everolimus, and 17 with chemotherapy. 

 
In paper III, we included all 73 patients with available FFPE blocks. Baseline 
characteristics were comparable with the original study population (age 62 
years, female 44%). Median Ki-67 was 4% and median PHH3-estimated MC 
was 2. Some of the patients in papers I-II initially had grade 1 tumours, and 
their grade was changed to G2 in subsequent biopsies performed upon tumour 
progression. As for the purpose of the study only baseline biopsies were con-
sidered, 32% of the included patients had G1 tumours at baseline. 

 
For paper IV, 557 patients were eligible for inclusion, and 347 patients had all 
biomarkers available. Median age at PRRT start was 63 years and the majority 
(281 patients, 51%) had Si-NET, and grade 2 tumours (66%).   Approximately 
one in three patients had high derived neutrophil to lymphocyte ratio (dNLR) 
and low albumin, and one in five had CRP above the upper limit of normal. 
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Biochemical markers (Paper I) 
Biomarkers were collected at baseline, and at the 6-month visit. In a minority 
of patients undergoing interventional procedures within this 6-month period, 
last biomarker control before intervention was accepted, as long as it was at 
least 3 months after treatment start; otherwise these patients were excluded 
from analysis. For the measurement of 5-HIAA, patients were provided with 
one or two receptacles and were asked to collect urine for one or two 24-hour 
periods prior to the planned visit and to maintain a serotonin-poor diet for 72 
hours beforehand. 5-HIAA was measured as a single sample or as two samples 
on consecutive days; whenever two samples were examined, the mean value 
was used. Samples were analysed using high-performance liquid chromatog-
raphy. Plasma samples for CgA were collected in chilled heparinised vacu-
tainer tubes after fasting overnight. All samples before and during PRRT were 
measured at Uppsala University Hospital using the EuroDiagnostica kit 
(Malmö, Sweden) for CgA. Samples before and during other treatments were 
measured at Uppsala University Hospital (85% of evaluable samples for pa-
tients treated with SSA or IFN) or at the patient’s local laboratory. In each 
case, baseline and 6-month tests were conducted at the same laboratory. Lev-
els of CgA and 5-HIAA were described as times the upper limit of normal 
(xULN) of the reporting laboratory. 

Biochemical partial response (PR) was defined as a reduction of baseline 
CgA or 5-HIAA by at least 50% and biochemically progressive disease (PD) 
as an increase by at least 25%. Patients with values at 6 months between -50% 
and +25% of baseline were deemed as having biochemically stable disease 
(SD). 

Ki-67 (Paper II) 
Ki-67 was analysed both as a continuous non-linear variable, using restricted 
cubic splines with three degrees of freedom in cox models, and as a categorical 
variable in ≤5%, >5% to 10%, >10% groups. 

PHH3 mitotic index and Ki-67 proliferation index 
(Paper III) 
FFPE sections were immunohistochemically stained with fully automated 
protocols for PHH3, CgA and Ki-67. In CgA-positive areas, the region with 
highest labelling for Ki-67 (“hotspot”) was selected under low magnification. 
Subsequently the Ki-67 proliferation index (defined as the ratio of Ki-67 pos-
itive nuclei to the total number of nuclei in at least 500 cells) and the PHH3 
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mitotic index (defined as the number of tumour cells with prominent PHH3 
staining in 10 consecutive high-power fields) were estimated. 

Inflammation scores (Paper IV) 
All patients hospitalized for the initiation of treatment with PRRT had routine 
blood tests. For the purpose of this study, inflammation markers and scores 
previously examined in NET studies were evaluated: White blood cell (WBC), 
neutrophil and thrombocyte counts, CRP, albumin, dNLR, defined as neutro-
phil/(WBC-neutrophil), Glasgow Prognostic Score (GPS, calculated from 
CRP and albumin assigning one point each to CRP >10 mg/L and albumin < 
35 g/L), CRP to albumin ratio, platelet count x CRP and erythrocyte sedimen-
tation rate (ESR).  

Statistical methods 
Statistical analysis was performed with R (R Foundation for Statistical Com-
puting, Vienna, Austria), using the chi-square test for dichotomous variables, 
t-test or Kruskal-Wallis test for continuous variables and semi-parametric cox 
models for censored variables. CSS, calculated from treatment start to cancer-
related death, OS, calculated from treatment start to death of any cause, and 
PFS calculated from start of each treatment to radiological progression (de-
fined as any unequivocal increase in the size of known tumours or detection 
of new lesions, in scans performed every 3-6 months, unequivocal clinical 
progression or death), were analysed using the Kaplan-Meier method and be-
tween‐group differences were analysed using a log‐rank test. HR and confi-
dence intervals (CI) were estimated from the Cox proportional hazards model.  

Optimal cut-off points were calculated with R packages Survminer and 
maxstat using the maximally selected rank statistics, a method that allows the 
evaluation of cut-off points, which provide the classification of different risk 
groups in a quantitative or ordered predictor variable. Sensitivity, specificity, 
positive (PPV) and negative predictive values (NPV) were estimated with R 
package timeROC (paper I). 

Adjusted survival curves, which represent expected survival curves cor-
rected for co-variates on the basis of a Cox model, were created with the sur-
vminer package 0.4.9 [130,131] (paper II). 

In order to validate the estimated optimal cut-off for PHH3, an internal 
cross-validation was performed. We splitted the sample into training and test-
ing datasets and repeated that 1000 times. We then produced a frequency dis-
tribution of the optimal cut-offs (paper III). 

Akaike’s information criterion (AIC) was used to compare the prognostic 
value of various inflammation markers. AIC estimates the goodness-of-fit and 
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can be used to estimate the prediction error and to compare statistical models 
derived from the same dataset. Generally, a lower AIC shows a more accurate 
model. If two models differ by <4, they are considered roughly equivalent, 
whereas if the difference is 4-10, there is some evidence that the model with 
the lower AIC is better, whereas if AIC difference is >10, there is strong evi-
dence that the model with the lower AIC is more accurate. AIC was estimated 
with AICcmodagv package 2.3 (paper III, IV). 
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Results 

Paper I 
We examined the association between baseline CgA and 5-HIAA levels as 
continuous and dichotomous variables, and treatment outcomes. Baseline 
CgA was consistently prognostic for both CSS and PFS for all treatments, 
whereas 5-HIAA was prognostic for CSS after treatment with IFNa and 
PRRT, but not single SSA, and for PFS after treatment with PRRT. 

For patients treated with SSA, dichotomizing CgA at 2xULN provided 
good discrimination for both CSS (HR 5.30, p< 0.01) and PFS (HR 2.22, 
p=0.01). The estimated optimal cut-offs for 5-HIAA were 4xULN for CSS 
and 1xULN for PFS. An approximation with dichotomization at 5xULN pro-
vided modest discrimination for CSS (HR 2.18, p=0.02).  
For patients treated with PRRT, a CgA cut-off at 5xULN provided good dis-
crimination (HR 8.44, p<0.01 for CSS and 5.94, p<0.01 for PFS). For 5-
HIAA, higher cut-off values were more discriminative, especially for CSS 
(HR 6.30, p< 0.01) and moderately for PFS (HR 2.34, p= 0.01). 

Six-month reductions of CgA and 5-HIAA correlated well with PFS and 
CSS after treatment with single SSA, both as continuous and dichotomous 
variables (Fig.1A). However, after SSA dose intensification, there was only a 
non-statistically significant correlation of early CgA changes with CSS (HR 
1.11, p=0.08) and no correlation between early 5-HIAA changes and either 
CSS or PFS.  

Similarly, there was no correlation between 6-month changes of CgA and 
5-HIAA with CSS or PFS after treatment with PRRT (Fig. 1B). We further 
examined whether different baseline SSA doses could potentially mask the 
early effect of PRRT on CgA and 5-HIAA. After adjusting in a cox model, 
early reduction of CgA, but not 5-HIAA, had a borderline significant correla-
tion with CSS (HR 1.45, p= 0.04). 
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Fig. 1. Cancer-specific survival (CSS) and progression-free survival (PFS) after treat-
ment with somatostatin analogues (SSA) are longer for patients with biochemical re-
sponse at 6 months, while there is no difference in patients treated with peptide recep-
tor radionuclide therapy (PRRT). CgA: Chromogranin A, 5-HIAA: 5-hydroxyindole-
acetic acid, PR: partial response, SD: stable disease, PD: progressive disease. Adapted 
from Papantoniou et al, 2021; 10.1007/s12020-020-02534-8. 

In the case of IFNa, we examined patients having progressive or stable disease 
together and compared them with responders. HR for CSS for responders vs 
non-responders was statistically significant for 5-HIAA (HR 2.59, p=0.04) but 
not for CgA (HR 1.91, p=0.14). The small number of patients precludes firm 
conclusions. 

We finally examined whether early treatment intensification in non-re-
sponders could result in longer CSS. Among 83 cases with early biomarker 
progression, 39 changed treatment within a year. In an adjusted analysis in-
cluding factors associated with a more aggressive outcome (CgA, 5-HIAA, 
age, Ki-67) there was a non-significant trend in favour of early treatment in-
tensification (HR 0.70, p=0.28). 
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Paper II 
Median CSS for the 210 patients treated with SSA, either as single treatment 
or in combinations, was 77 months. Median PFS was 12.4 months for those 
starting treatment with SSA monotherapy, and 19 months for all patients. Sur-
vival was largely similar for patients with PS 0 and 1 (CSS 92 and 91 months, 
PFS 28 and 25 months), whereas it was significantly worse for those with 
PS≥2 (CSS 24 months, PFS 6 months). 

Our cohort included patients starting treatment at both standard and below-
label doses of SSA. In an analysis adjusted for age, PS, Ki-67, liver metasta-
ses, subsequent PRRT use and CgA, patients starting treatment on below-label 
doses had significantly worse prognosis (HR=2.33, 95% CI 1.22-4.48, 
p=0.01). However the difference was obvious only in the group of patients 
with Ki-67 5-10% (n=74, 53 vs 87 months, p=0.002) but not in those with Ki-
67≤5% (n=67, 109 vs 120 months, p=0.54). 

Treatment intensification with above-label SSA doses were more efficient 
when used for better symptom control or biochemical progression than for 
radiological progression (respective PFS of 22, 9 and 6 months) and at the first 
intensification step (9 vs 6 months).  

Interferon (n=95) was often started either in parallel with SSA as first-line 
treatment (CSS 105 months, PFS 32 months) or sequentially (PFS 6 months). 
Everolimus (n=29) was used mostly at later lines, with a median PFS of 5 
months. PFS after chemotherapy (n=17, mostly temozolomide-based) was 9 
months, after initial PRRT treatment (n=116) 30 months, and after PRRT re-
challenge (n=25) 13 months. 

G2 Si-NET include tumours with a wide range of Ki-67 between 3-20%. 
We analysed CSS and PFS according to Ki-67 group for treatment with SSA 
and PRRT. Median CSS for 1st line treatment with SSA in the 3-5%, 5-10% 
and 10-20% subgroup was 111, 70 and 49 months. Median PFS was 31, 18 
and 10 months. In the case of PRRT, differences were minimal, with respec-
tive median CSS of 56, 39 and 34 months and PFS of 29, 25 and 25 months 
(Fig. 2). 
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Fig. 2. Cancer-specific (CSS) and progression-free survival (PFS) for somatostatin 
analogues (SSA) and peptide-receptor radionuclide treatment (PRRT) by Ki-67 at 5 
and 10% cut-offs. Reprinted from Papantoniou et al, 2023; 10.1530/ERC-22-0316. 

We finally assessed treatment efficacy in relation to SRI. Median PFS was 
lower in SSTR- patients treated with SSA single (7 vs 14 months, p=0.008) 
but not in those treated with the combination of SSA and IFNa (16 vs 36 
months, p=0.43) in first line, nor in those treated with single IFNa (13 vs 6 
months, p=0.56). After adjusting for the higher proliferation index Ki-67 of 
the SSTR- group, the risk of the SSTR- patients for cancer-related death and 
for disease progression remained significantly higher in the SSA group, while 
there was no significant difference or trend in the IFNa group. 
  



 

 43

Paper III 
Both Ki-67 and PHH3 showed a significant association with CSS in patients 
with Si-NET. Specifically, tumours labelled as G1 based on their Ki-67 ex-
pression had a median CSS of 128 months, compared to 95 months for G2 
tumours (p = 0.007). Similarly, when PHH3 was used to classify tumours, G1 
tumours exhibited a median CSS of 149 months compared to 88 months for 
G2 tumours (p = 0.001). In unadjusted Cox regression models, both variables 
were significantly associated with CSS (HR 1.18 and 1.16, respectively). 
When comparing the Ki-67 and PHH3-based models, the latter showed 
slightly higher c-index (0.71 vs 0.68, higher is better) and lower AIC (219 vs 
223, lower is better) (Fig.3). 

 
Fig. 3. Cancer-specific survival by grade, as assessed by A. Ki-67, B. PHH3. 

In 52 patients with available data for treatment with first-line SSA, PHH3 was 
the only proliferation parameter exhibiting significant association with PFS 
(HR: 1.12, 95% CI: 1.03-1.21). A similar trend between PHH3-estimated 
proliferation index and PFS was seen in the 26 patients later treated with 
PRRT (HR: 1.11, 95% CI 1.00-1.24), but not for Ki-67 (HR: 0.93, 95% CI 
0.82-1.07). 

We finally estimated a cut-off for mitotic count by PHH3 of >2 mitoses per 
10 HPF to better differentiate between G1 and G2 tumours in our data (179 vs 
82 m, p < 0.0001). After splitting the dataset into training and testing samples, 
and repeating the process 1000 times, having >2 mitoses per 10 HPF was the 
most commonly suggested cut-off. At this cut-off, the median HR was 4.92 
for G2 vs G1 tumours, and was significant in 95% of the test samples.  
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Paper IV 
Inflammatory parameters and scores based on CRP and albumin, were asso-
ciated with OS in patients treated with PRRT. In an unadjusted analysis, 
shorter OS was seen in patients with higher CRP, GPS, dNLR and CRP/albu-
min ratio as well as lower albumin at baseline. In the subgroup of patients with 
Si-NET, albumin (HR: 0.89, 95% CI 0.86-0.93), CRP (HR: 1.03, 95% CI: 
1.02-1.04) and GPS (1 vs 0, HR 1.68, 95% CI 1.07-2.63, 2 vs 0, HR: 3.72, 
95% CI 2.19-6.34) influenced OS. Similar results were attained for NET of 
other origins. The direction of effect was similar in tumours irrespective of 
grade, but reached statistical significance only in higher grade tumours. In ad-
justed analysis, all variables except for dNLR remained associated with OS 
(Table 3).   

Table 3. Association between inflammation markers and OS after treatment with 
PRRT 
 

   n HR (unadjusted) p HR (adjusted)* p 

CRP 
 

351 1.02 (1.02-1.03)  <0.001 1.02 (1.01-1.02)  <0.001 

Albumin 
 

556 0.89 (0.87-0.91)  <0.001 0.91 (0.87-0.95)  <0.001 

White blood cells 
 

556 0.99 (0.94-1.03)  0.555 0.96 (0.89-1.03)  0.279 

Neutrophils 
 

555 1.05 (0.98-1.12)  0.136 1.00 (0.91-1.10)  0.989 

Thrombocytes 
 

556 1.00 (1.00-1.00)  0.496 1.00 (1.00-1.00)  0.906 

Albumin, Dichotomized Low 178 - 
 

- 
 

 
Normal 378 0.43 (0.35-0.54)  <0.001 0.39 (0.27-0.55)  <0.001 

CRP, dichotomized Normal 279 - 
 

- 
 

 
Elevated 72 2.02 (1.47-2.79)  <0.001 1.75 (1.18-2.59) 0.005 

dNLR  555 1.19 (1.08-1.31) <0.001 1.11 (0.98-1.25) 0.111 

dNLR, dichotomized Low 364 - 
 

- 
 

 
High 191 1.44 (1.16-1.78)  0.001 1.37 (0.99-1.90) 0.060 

GPS 0 210 - 
 

- 
 

 
1 99 2.05 (1.51-2.77)  <0.001 1.67 (1.14-2.44)  0.008 

 
2 42 3.59 (2.40-5.36)  <0.001 3.60 (2.24-5.79)  <0.001 

CRP/albumin ratio 
 

351 2.27 (1.86-2.78)  <0.001 1.84 (1.43-2.37)  <0.001 

(Plt*CRP)/1000  351 1.08 (1.05-1.10) <0.001 1.06 (1.03-1.08) <0.001 

 
*Adjusted for age, Ki-67, logarithmically transformed normalized Chromogranin A (CgA), 
prior treatment lines (0, 1, ≥2), performance status (PS, 0, 1, ≥2) and stratified by tumour type 
(small intestinal vs pancreas vs other). All patients were entered in unadjusted analyses. For 
adjusted analyses, only patients with complete lab tests and Ki-67 (n=273) were used. To adjust 
for multiple comparisons, p <0.004 was considered significant. CRP: C-reactive protein, dNLR: 
derived neutrophil to lymphocyte rate, GPS: Glasgow prognostic score, PLT: platelets, HR: 
Hazard ratio 
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We subsequently examined which inflammatory parameter had most prognos-
tic value. For this purpose, we compared the unadjusted and adjusted models 
presented in Table 3, with their AIC. AIC can be used to compare two models 
derived from the same dataset; a lower AIC denotes a model which has a lower 
prediction error, and is thus more accurate. Models based on albumin, alone 
or in combination with CRP, were associated with lower AIC, less prediction 
error, and thus could more accurately predict OS (Fig.4). 

 
Fig. 4. Predictive accuracies of unadjusted and adjusted models of inflammation 
markers. Lower values of Akaike’s information criterion (AIC) suggest a lower pre-
diction error (a more informative model which better fits the data). Base model in-
cludes age, tumour type, Ki-67, log(CgA), previous treatment lines and performance 
status (PS). All parameters except for derived neutrophil to lymphocyte ratio (dNLR) 
improved the base model. Albumin was the single variable that mostly improved the 
base model. Glasgow prognostic score (GPS), a composite score combining C-reac-
tive protein (CRP) with albumin, marginally further improved the adjusted model. 
CgA: Chromogranin A, Plt: Platelets. Adapted from Papantoniou et al, 2025; 
10.1111/jne.13379. 
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Discussion 

Paper I and II 
Traditionally, Si-NET tumours have been studied as a uniform group, regard-
less of their grade, and often together with tumours from other gastroentero-
pancreatic sites. With G2 tumours constituting approximately one-fourth of 
all Si-NET, study results are more representative of the G1 group. As G2 tu-
mours have variable clinical course and possibly a different molecular back-
ground, it remains uncertain whether those results can be extrapolated to the 
G2 subgroup. 

Moreover, those tumours with higher proliferation indexes often have an 
unpredicted clinical course, with some of them progressing slowly like their 
G1 counterparts, whereas in other cases the patients deteriorate quickly. None 
of the factors studied to date has prognostic power to sufficiently discriminate 
between those groups, and, with the exception of positivity in SRI, no single 
variable is predictive of treatment response. 

In our work, we have focused on the subgroup of G2 Si-NET patients. In 
this retrospective bi-institutional cohort study, we have revisited the three 
prognostic markers mostly used in clinical praxis, CgA, 5-HIAA, and Ki-67, 
and we evaluated their prognostic value for treatment with SSA and PRRT. 
We found that baseline CgA, and to a lesser extent 5-HIAA, are predictive of 
survival for both treatments, whereas their early reductions are prognostic 
only for treatment with SSA. We also found that benefit from PRRT was 
largely independent of Ki-67 levels in the 3-20% range; the opposite was true 
for SSA. 

Paper I 
In this paper, we hypothesized that baseline tumour markers and their dynam-
ics early under treatment can be prognostic of treatment effect. Several studies 
have correlated elevated baseline CgA levels to poor outcomes 
[23,76,79,95,97,97,103,132–137] in various types of NET. CgA is usually as-
sessed as a dichotomous variable, with a wide range of cut-offs, between 1x 
and 10xULN, making results difficult to compare.  We assessed the most usual 
cut-offs used in literature, and found cut-offs in a more narrow range to be 
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most relevant: a cut-off of 2xULN provided best discriminative value during 
treatment with SSA and 5xULN for treatment with PRRT. 

The relation between 5-HIAA levels and treatment outcomes has been less 
documented, with two studies showing contradicting results [79,97]. We con-
firmed the prognostic significance of 5-HIAA for treatment with PRRT, but 
we could not find a significant association for treatment with SSA. Finding a 
consistent optimal cut-off proved elusive; optimal discrimination was seen in 
most treatment cases at cut-offs of 10xULN or higher, but this varied widely 
between different treatment scenarios. 

Limited data from mixed GEP-NET populations suggests that early CgA 
changes under treatment might relate to a lower risk of progression for SSA 
[93] and everolimus [94], but not for PRRT [95]. There is no data associating 
early 5-HIAA responses with survival outcomes. Only a weak association be-
tween changes in CgA and radiologically assessed tumour burden has been 
reported [96], especially in the case of PRRT [138]. As a result, two recent 
reviews reached different conclusions regarding the prognostic significance 
of early CgA changes [24,92]. We add to this ongoing discussion and confirm 
that 6-month changes of CgA correlate with CSS and PFS in patients treated 
with SSA, but not in those treated with PRRT. We also present the first data 
showing a strong correlation between early 5-HIAA changes and survival out-
comes in SSA-treated patients. 

Paper II 
We hypothesized that due to their more aggressive behaviour, G2 tumours 
might respond worse to standard treatments, and especially to cytostatic treat-
ments, such as SSA. 

The landmark PROMID trial, which established long-acting SSA as the 
cornerstone of Si-NET treatment only included slowly-proliferating G1 pa-
tients with Ki-67 <2% and reported a median PFS of 14.3 months. A second 
trial (CLARINET) included GEP-NET of various origins with Ki-67 up to 
10%. Despite the higher proliferation index, the PFS of G2 Si-NET patients 
in our study was 12.4 months, very similar to that reported in G1 patients in 
PROMID, thus suggesting that SSA is active in this patient group. We noted, 
however, that both PFS and CSS after treatment with SSA were significantly 
shortened at higher Ki-67 levels, implying that SSA efficacy is dependent on 
proliferation index, and that tumours with higher proliferation rates might be 
considered for follow-up at shorter intervals, and possibly for alternative treat-
ment strategies. On the other hand, we did not notice any significant deterio-
ration of PRRT efficacy throughout the 3-20% range. It is probable that a pri-
marily cytotoxic treatment like PRRT retains its efficacy against rapidly pro-
liferative tumours. This finding is consistent with the NETTER-1 trial, where 
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PRRT had similar HR for both G1 and G2 tumours [43]. Indeed, in small ret-
rospective series, PRRT but not SSA seem to be effective in tumours with 
even higher proliferation indexes [139,140]. 

Increases of SSA doses to above-label levels has traditionally been the first 
step of treatment intensification. We observed a modest median PFS of 6 
months after increasing SSA dose in patients progressing radiologically on the 
initial dose. Three prospective series have reported  similar PFS gains of 6.8-
8.4 months [42–44]. The small difference might reflect the use of RECIST 
criteria (which has been shown to give longer estimates of PFS in slowly 
growing tumours  [141]), the lower final SSA dose in our study, or the more 
aggressive nature of G2 tumours. Interestingly, some of the patients included 
in our study were treated with below-label doses of SSA. These patients had 
worse OS if they had Ki-67 5-10%, but not if they had lower Ki-67, implying 
that below-label doses might be adequate for the slower-proliferating tumours. 

The last group of patients we examined was those with low SSTR expres-
sion. This is a particularly challenging group, as they have limited treatment 
options and worse outcomes [65]. Unlike SSA, IFNa seemed to be equally 
effective in these patients. 

Paper III 
In this study, we hypothesized that PHH3 might outperform Ki-67 as a prog-
nostic marker for CSS and for response to treatment in patients with Si-NET. 
We showed that not only are PHH3-estimated MC associated with CSS, but 
also with PFS after treatment with SSA and possibly with PRRT. The associ-
ations appeared to be slightly stronger with PHH3 than with Ki-67. Moreover, 
we hypothesized that a “standard” WHO mitotic cut-off of <2 per 10 HPF for 
H&E slides might not apply to mitoses, as counted by PHH3. Indeed, a slightly 
higher cut-off of >2 per 10 HPF seemed to better differentiate between lower 
and higher grade. 

The current WHO classification depends on the estimation of Ki-67 and 
MC on H&E slides. Ki-67 is an antibody against a chromatin protein ex-
pressed throughout the G1, S, G2 and M phases of cell proliferation. “Eye-
balling”, the fastest way of estimating Ki-67, is coupled to considerable in-
terobserver variability [115]. WHO recommends manual counting in hospots, 
a resource-intensive method that can take up to 10 minutes per case [110]. 
Tumour heterogeneity, hotspot selection and field size might also impact the 
estimation of Ki-67. Automated systems have been tried, with mixed results 
[116,117]  

Similarly, counting mitoses in H&E stains comes with the risk of misiden-
tifying apoptotic, necrotic or crashed cells as proliferating cells [118]. PHH3 
is expressed almost exclusively in the M phase of cell division and staining 
for PHH3 makes recognising mitotic cells both easier and faster. For example, 
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a study in pancreatic NET showed near perfect interobserver agreement (in-
traclass correlation coefficient k ≥ 0.98) and shorter time (1.68 min vs 3.67 
min per 50 HPF) when PHH3 was used [119]. 

In the current study, grading by both Ki-67 and by PHH3 was strongly as-
sociated with CSS. When examining though the two proliferation markers as 
continuous variables in a Cox model, PHH3 could better discriminate survival 
outcomes, as evidenced by a slightly higher Harrell’s c-index and lower AIC. 
More importantly, PHH3 seemed to better correlate with PFS after SSA, and 
possibly after PRRT. The higher specificity of PHH3 for the M phase might 
mean that PHH3 staining better expresses tumour biology, and might be better 
associated with treatment outcomes. 

WHO suggests a cut-off of 2 mitoses per 10 HPF on H&E stains to distin-
guish between G1 and G2 tumours. PHH3 has previously been studied in pan-
creatic NET, and various cut-offs have been suggesting, ranging from 2-10 
[119,123,124,126]. In our study, a lower cut-off of >2 mitoses per 10 HPF 
offered better discrimination; this might be in line with the lower proliferation 
rates usually seen in Si-NET. 

Paper IV 
A new biomarker should offer prognostic insight regarding disease outcomes; 
it should also be easy to measure, cost-effective and reproducible [142]. A 
crucial question is whether it can provide additional information to already 
established prognostic markers [143]. As inflammation scores are derived 
from routine blood tests, they are easy to calculate and provide excellent re-
producibility. In this paper, we showed that they could also increase the prog-
nostic value of a base model consisting of tumour type, age, PS, CgA and 
previous treatments. Hypoalbuminemia was the single marker providing the 
most added predictive information. 

Interestingly, neutrophil/lymphocyte related counts, which are commonly 
associated with outcomes in multiple cancer types, as well as in some smaller 
retrospective series of NET patients treated with PRRT[144–146] were not 
associated with OS in our study. More specifically, dNLR was prognostic of 
outcome in unadjusted, but not in adjusted analyses. This unexpected result 
might mean that neutrophil-mediated cancer growth might not be as relevant 
after treatment with PRRT as with classical chemotherapy, or that the more 
indolent NET do not activate cellular inflammation system in the same way 
as more aggressive cancers. 

On the contrary, we found a strong association between hypoalbuminemia 
and shorter median OS. Two previous studies had reported contradictory re-
sults, with only one showing that albumin levels related to OS and PFS 
[147,148]. Hypoalbuminemia is a multifactorial condition which commonly 
occurs in later cancer stages. It has been linked to worse outcomes in several 
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types of cancer, and with complications and toxicity after surgery, chemother-
apy, targeted treatments and radiotherapy [149–153]. Although it is often con-
sidered to be a result of low nutritional status, a stronger association with in-
flammation has been suggested[154]. This is in line with our findings, where 
albumin was more closely correlated with CRP (Pearson’s r= -0.45), than with 
hepatic involvement (point biserial correlation coefficient rpb = 0.26) or with 
body-mass index (r= 0.16).  
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Major findings 

 CgA baseline levels are associated with CSS in patients with G2 Si-NET, 
irrespective of treatment used, and with PFS in patients treated with 
PRRT. 

 A cut-off of 5xULN provides best discrimination in most cases 
 Reductions of CgA and 5-HIAA at 6 months from treatment start with 

SSA, but not with PRRT, have prognostic value.  
 Treatment with SSA appears to be effective in G2 Si-NET, a group with 

more aggressive, rapidly progressing tumours, which had not previously 
been studied separately. Median PFS in our study was similar to histori-
cal data for all-grade Si-NET.  

 Patients with lower Ki-67 levels had significantly longer median PFS 
compared with those with higher Ki-67 levels when treated with SSA, 
whereas Ki-67 impact on PRRT efficacy seemed to be limited, at least in 
the 3-20% range. 

 Dose intensification provided only short-term disease stabilization. 
 PHH3 could serve as a viable alternative to Ki-67 for grading of meta-

static Si-NET. It correlates with both CSS and PFS following first-line 
SSA, and potentially PRRT.  

 A threshold of more than 2 PHH3-counted mitoses per 10 HPF differen-
tiates effectively between G1 and G2 Si-NET. 

 Inflammation scores are associated with OS in NET patients treated with 
PRRT, regardless of origin. The effect is clear in patients with G2/3 tu-
mours. These scores could be used as stratification factors in future PRRT 
trials. 

 Hypoalbuminemia emerged as the single marker adding most predictive 
value to a base model of established prognostic factors.
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Future directions 

The previous decades have been dominated by single-institution retrospective 
studies, which often examined all types of NET together. We took a step from 
this paradigm by focusing on a more homogeneous population of small intes-
tinal tumours of intermediate grade. Future research should examine sepa-
rately NET of various origins and grade. The G2 Si-NET cohort used as a 
basis for the first three papers is the largest published series of patients with 
this relatively rare tumour. However, our work is limited by the fact that most 
of the patients were treated in a single tertiary referral centre, over a period of 
20 years. Our results should therefore be validated in a general, more modern 
population. The rarity of NET and their indolent course has been an obstacle 
for most attempts at randomized clinical trials. Until such prospective data 
becomes widely available, large retrospective multi-institutional series as a 
result of international collaboration and well-organized registries will provide 
data with less risk of bias and more representative of the general population. 

Monoanalytes like CgA and other simple tests that were examined in this 
thesis are reaching their limitations. They are often prognostic of disease out-
comes, but not predictive of treatment effects. We expect multianalytes, either 
genomic or biochemical, to start being implemented in everyday clinical 
praxis. 

NET have considerable variability in their clinical manifestations, response 
to treatment and prognosis, with survival often ranging from a few years to 
decades. An old prognostic model was developed in the time before PRRT. It 
is based on 15 clinical parameters, some of which are not always available 
even in specialized centres, and might be difficult to implement in clinical 
praxis [155]. Additionally, it was recently shown to sufficiently predict 5-year 
OS, but underestimate 10-year OS [156]; this might be due to the model’s 
limitations, or to the emergence of newer life-prolonging treatments and the 
more extensive use of SSA during the last two decades.  

We have developed a simple treatment-specific prognostic model for Si-
NET patients treated with PRRT. Our model is limited to 5 variables, and in-
cludes only easily accessible laboratory and clinical parameters that can be 
assessed objectively and calculated “bedside” for it to be clinically useful. It 
does not contain investigatory parameters assessable only in the context of a 
study, such as percentage of tumour volume, rate of tumour progression or 
dual PET imaging. It is currently pending external validation. 
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Sammanfattning på svenska 

Neuroendokrina tumörer i tunntarmen (Si-NET) är ovanliga. De växer lång-
samt och utsöndrar ämnen som kan påverka kroppens funktioner. I Sverige 
drabbas cirka 1,2 personer per 100 000 invånare varje år. Tumörerna delas in 
i tre grupper beroende på hur snabbt de växer: Grad 1 (G1) tumörer växer 
långsamt och ger ofta symtom som diarré och värmevallningar; de kan be-
handlas med läkemedel som heter somatostatinanaloger (SSA). De sällsynta 
G3 tumörer växer däremot snabbt och effekten av sedvanliga behandlingar är 
begränsad.   

Min forskning fokuserar på tumörer med intermediär växthastighet (G2), 
som har hunnit sprida sig (metastaserats). Dessa kan bete sig olika: vissa liknar 
de indolenta G1 tumörer, medan andra är mer aggressiva.   

Det är oklart hur G2-tumörer svarar på SSA, och det finns få andra behand-
lingsalternativ. En ny studie (NETTER-1) visade att en behandling som kallas 
PRRT kan vara effektiv. En annan behandling, everolimus, har visats ge be-
gränsat värde för patienter med Si-NET. De flesta studier har undersökt blan-
dade grupper av patienter, där patienter med G2 tumörer är få. Det är därför 
viktigt att bekräfta effektiviteten av behandlingar i denna unika subgrupp, och 
att utveckla metoder som kan förutse hur tumörerna kommer att bete sig. 

I vår första studie undersökte vi om halten av vissa markörer i blodet – 
Chromogranin A (CgA) och 5-HIAA – kan förutsäga hur länge patienter med 
spridda G2-tumörer lever och hur länge de svarar på behandling. Vi såg att 
höga nivåer av CgA var kopplade till kortare överlevnad, särskilt hos dem som 
fick PRRT. Intressant nog visade vi att om nivåerna av dessa ämnen inte mins-
kar efter sex månader med SSA, har patienter betydligt sämre effekt av be-
handlingen vilket kan betyda att man kan behöva byta till en annan behandling 
snabbare. Däremot hittade vi inget samband mellan förändringar av CgA och 
5-HIAA nivåer och effekten av behandling med PRRT. 

I vår andra studie fokuserade vi på hur bra SSA och PRRT fungerar för 
spridda G2-tumörer. Vi påvisade att SSA fungerar även för denna mer aggres-
siva grupp. Däremot, såg vi att ökning av SSA dosen när sjukdomen förvärras 
inte såg ut att  leda till bättre resultat. Vi såg också att tumörer med högre Ki-
67 (en markör för hur snabbt de växer) svarade sämre på SSA, men inte på 
PRRT, jämfört med patienter med långsammare tillväxt (G1 tumörer). Det är 
möjligt att patienter med högt Ki-67 kan få bättre effekt om de behandlas med 
PRRT tidigare under sjukdomens förlopp.   
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I vår tredje studie testade vi om en ny markör, PHH3, kan förutsäga be-
handlingsresultat bättre än Ki-67. PHH3 färgar bara celler som befinner sig i 
delningsfasen av cellcykeln, vilket kan ge en mer exakt bild av hur snabbt 
tumören växer. Vi såg att PHH3 var lika bra som Ki-67 på att förutsäga över-
levnad och möjligen något bättre på att förutsäga hur länge patienten svarar 
på behandling. Resultaten behöver dock bekräftas i en större studie.   

I vår sista studie undersökte vi om inflammationsmarkörer kan förutsäga 
resultat efter PRRT. Inflammation kan påverka cancer negativt, men detta är 
mindre tydligt för långsamt växande tumörer som Si-NET. Vi fann att in-
flammationsmarkörer förbättrade en modell som förutspår överlevnad, och att 
låg nivå av albumin i blodet var den starkaste markören för sämre överlevnad.   
 

Framtidsperspektiv   
Hittills har många studier undersökt alla typer av NET tillsammans. Vi foku-
serade istället på en mer enhetlig grupp (G2 Si-NET). Vår studie är den största 
på denna grupp, men eftersom den gjordes på ett enda sjukhus behöver resul-
taten bekräftas i större studier.   

Eftersom NET är ovanliga och växer långsamt är det svårt att göra stora 
kliniska studier. Tills dess mer data finns, behövs internationellt samarbete för 
att samla in information från flera sjukhus.   

Vanliga markörer som CgA, 5-HIAA och Ki-67 kan förutsäga sjukdomens 
utveckling, men inte alltid hur väl behandlingen kommer att fungera. I fram-
tiden kan mer avancerade tester, t.ex. genetiska analyser eller kliniska mo-
deller, ge bättre svar. Som en fortsättning av vårt arbete har vi utvecklat en 
enkel modell som kan förutsäga överlevnad och behandlingsresultat för pati-
enter som får PRRT. Den baseras på fem lättillgängliga blod- och kliniska 
tester och håller på att testas. 

 
  



 

 55

Acknowledgments 

I would like to express my deepest gratitude  to my supervisor, Professor Eva 
Tiensuu Janson for her unwavering support, insightful feedback and endless 
patience through the course of my research. I am equally thankful to my co-
supervisors, Malin Grönberg and Staffan Welin, for their constructive sugges-
tions. Their expertise has been crucial in shaping this thesis. 

A special thank you to all my colleagues at Ryhov Hospital, Jönköping, for 
their understanding during my long research hours. 

I owe the deepest gratitude to all patients included in the four studies of this 
thesis. I hope that this work might contribute, even in a small way, to improved 
outcomes for future patients with this rare tumour.  

My sincere thanks to my family for their continuous support and encour-
agement. Their belief in my work has been an unwavering source of support. 

Finally, I would like to thank my partner Barbara Ziolkowska for all her 
comments, suggestions and understanding throughout this long journey.  



 

 56 

References 

1.  Chauhan, A.; Chan, K.; Halfdanarson, T.R.; Bellizzi, A.M.; Rindi, G.; 
O’Toole, D.; Ge, P.S.; Jain, D.; Dasari, A.; Anaya, D.A.; et al. Critical Up-
dates in Neuroendocrine Tumors: Version 9 American Joint Committee on 
Cancer Staging System for Gastroenteropancreatic Neuroendocrine Tumors. 
CA: A Cancer Journal for Clinicians 2024, 74, 359–367, 
doi:10.3322/caac.21840. 

2.  Klimstra, D.; Kloppell, G.; La Rosa, S.; Rindi, G. Classification of Neuroen-
docrine Neoplasms of the Digestive System. In: WHO Classification of Tu-
mours: Digestive System Tumours, 5th Ed, WHO Classification of Tumours 
Editorial Board (Ed), International Agency for Research on Cancer, Lyon 
2019. In; 2019; p. 111. 

3.  Janson, E.T.; Knigge, U.; Dam, G.; Federspiel, B.; Grønbaek, H.; Stålberg, 
P.; Langer, S.W.; Kjaer, A.; Arola, J.; Schalin-Jäntti, C.; et al. Nordic Guide-
lines 2021 for Diagnosis and Treatment of Gastroenteropancreatic Neuroen-
docrine Neoplasms. Acta Oncologica 2021, 60, 931–941, 
doi:10.1080/0284186X.2021.1921262. 

4.  Landerholm, K.; Falkmer, S.; Järhult, J. Epidemiology of Small Bowel Car-
cinoids in a Defined Population. World J Surg 2010, 34, 1500–1505, 
doi:10.1007/s00268-010-0519-z. 

5.  Snorradottir, S.; Asgeirsdottir, A.; Rögnvaldsson, S.; Jonasson, J.; Björnsson, 
E. Incidence and Prognosis of Patients with Small Intestinal Neuroendocrine 
Tumors in a Population Based Nationwide Study. Cancer Epidemiology 
2022, 79, 102197, doi:10.1016/j.canep.2022.102197. 

6.  White, B.E.; Rous, B.; Chandrakumaran, K.; Wong, K.; Bouvier, C.; Van 
Hemelrijck, M.; George, G.; Russell, B.; Srirajaskanthan, R.; Ramage, J.K. 
Incidence and Survival of Neuroendocrine Neoplasia in England 1995–2018: 
A Retrospective, Population-Based Study. Lancet Reg Health Eur 2022, 23, 
100510, doi:10.1016/j.lanepe.2022.100510. 

7.  Dasari, A.; Shen, C.; Halperin, D.; Zhao, B.; Zhou, S.; Xu, Y.; Shih, T.; Yao, 
J.C. Trends in the Incidence, Prevalence, and Survival Outcomes in Patients 
With Neuroendocrine Tumors in the United States. JAMA Oncol 2017, 3, 
1335–1342, doi:10.1001/jamaoncol.2017.0589. 

8.  Das, S.; Dasari, A. Epidemiology, Incidence, and Prevalence of Neuroendo-
crine Neoplasms: Are There Global Differences? Curr Oncol Rep 2021, 23, 
43, doi:10.1007/s11912-021-01029-7. 

9.  Berge, T.; Linell, F. Carcinoid Tumours. Frequency in a Defined Population 
during a 12-Year Period. Acta Pathol Microbiol Scand A 1976, 84, 322–330. 

10.  Galgano, S.J.; Sharbidre, K.; Morgan, D.E. Multimodality Imaging of Neuro-
endocrine Tumors. Radiologic Clinics of North America 2020, 58, 1147–
1159, doi:10.1016/j.rcl.2020.07.008. 



 

 57

11.  Deppen, S.A.; Liu, E.; Blume, J.D.; Clanton, J.; Shi, C.; Jones-Jackson, L.B.; 
Lakhani, V.; Baum, R.P.; Berlin, J.; Smith, G.T.; et al. Safety and Efficacy of 
68Ga-DOTATATE PET/CT for Diagnosis, Staging, and Treatment Manage-
ment of Neuroendocrine Tumors. Journal of Nuclear Medicine 2016, 57, 
708–714, doi:10.2967/jnumed.115.163865. 

12.  Ouvrard, E.; Mestier, L.D.; Boursier, C.; Lachachi, B.; Sahakian, N.; Cheva-
lier, E.; Mikail, N.; Carullo, J.; Bando-Delaunay, A.; Walter, T.; et al. 18F-
DOPA PET/CT at the Forefront of Initial or Presurgical Evaluation of Small-
Intestine Neuroendocrine Tumors. Journal of Nuclear Medicine 2022, 63, 
1865–1870, doi:10.2967/jnumed.122.263984. 

13.  Piccardo, A.; Fiz, F.; Bottoni, G.; Ugolini, M.; Noordzij, W.; Trimboli, P. 
Head-to-Head Comparison between 18F-DOPA PET/CT and 68Ga-DOTA 
Peptides PET/CT in Detecting Intestinal Neuroendocrine Tumours: A Sys-
tematic Review and Meta-Analysis. Clinical Endocrinology 2021, 95, 595–
605, doi:10.1111/cen.14527. 

14.  Lamarca, A.; Bartsch, D.K.; Caplin, M.; Kos-Kudla, B.; Kjaer, A.; Partelli, 
S.; Rinke, A.; Janson, E.T.; Thirlwell, C.; van Velthuysen, M.-L.F.; et al. Eu-
ropean Neuroendocrine Tumor Society (ENETS) 2024 Guidance Paper for 
the Management of Well-Differentiated Small Intestine Neuroendocrine Tu-
mours. Journal of Neuroendocrinology 2024, n/a, e13423, 
doi:10.1111/jne.13423. 

15.  Johnbeck, C.B.; Knigge, U.; Loft, A.; Berthelsen, A.K.; Mortensen, J.; 
Oturai, P.; Langer, S.W.; Elema, D.R.; Kjaer, A. Head-to-Head Comparison 
of 64Cu-DOTATATE and 68Ga-DOTATOC PET/CT: A Prospective Study 
of 59 Patients with Neuroendocrine Tumors. Journal of Nuclear Medicine 
2017, 58, 451–457, doi:10.2967/jnumed.116.180430. 

16.  Binderup, T.; Knigge, U.; Johnbeck, C.B.; Loft, A.; Berthelsen, A.K.; Oturai, 
P.; Mortensen, J.; Federspiel, B.; Langer, S.W.; Kjaer, A. 18F-FDG PET Is 
Superior to WHO Grading as a Prognostic Tool in Neuroendocrine Neo-
plasms and Useful in Guiding PRRT: A Prospective 10-Year Follow-up 
Study. J Nucl Med 2021, 62, 808–815, doi:10.2967/jnumed.120.244798. 

17.  Hindié, E. The NETPET Score: Combining FDG and Somatostatin Receptor 
Imaging for Optimal Management of Patients with Metastatic Well-Differen-
tiated Neuroendocrine Tumors. Theranostics 2017, 7, 1159–1163, 
doi:10.7150/thno.19588. 

18.  Karfis, I.; Marin, G.; Levillain, H.; Drisis, S.; Muteganya, R.; Critchi, G.; Ta-
raji-Schiltz, L.; Guix, C.A.; Shaza, L.; Elbachiri, M.; et al. Prognostic Value 
of a Three-Scale Grading System Based on Combining Molecular Imaging 
with 68Ga-DOTATATE and 18F-FDG PET/CT in Patients with Metastatic 
Gastroenteropancreatic Neuroendocrine Neoplasias. Oncotarget 2020, 11, 
589–599, doi:10.18632/oncotarget.27460. 

19.  Nationellt vårdprogram neuroendokrina buktumörer - RCC Kunskapsbanken 
Available online: https://kunskapsbanken.cancercentrum.se/diagnoser/neuro-
endokrina-buktumorer/vardprogram/ (accessed on 4 February 2025). 

20.  Niederle, B.; Pape, U.-F.; Costa, F.; Gross, D.; Kelestimur, F.; Knigge, U.; 
Öberg, K.; Pavel, M.; Perren, A.; Toumpanakis, C.; et al. ENETS Consensus 
Guidelines Update for Neuroendocrine Neoplasms of the Jejunum and Ileum. 
NEN 2016, 103, 125–138, doi:10.1159/000443170. 

21.  Strosberg, J.R.; Weber, J.M.; Feldman, M.; Coppola, D.; Meredith, K.; 
Kvols, L.K. Prognostic Validity of the American Joint Committee on Cancer 
Staging Classification for Midgut Neuroendocrine Tumors. JCO 2013, 31, 
420–425, doi:10.1200/JCO.2012.44.5924. 



 

 58 

22.  Oberg, K.; Modlin, I.M.; De Herder, W.; Pavel, M.; Klimstra, D.; Frilling, 
A.; Metz, D.C.; Heaney, A.; Kwekkeboom, D.; Strosberg, J.; et al. Consensus 
on Biomarkers for Neuroendocrine Tumour Disease. Lancet Oncol. 2015, 16, 
e435–e446, doi:10.1016/S1470-2045(15)00186-2. 

23.  Janson, E.T.; Holmberg, L.; Stridsberg, M.; Eriksson, B.; Theodorsson, E.; 
Wilander, E.; Öberg, K. Carcinoid Tumors: Analysis of Prognostic Factors 
and Survival in 301 Patients from a Referral Center. Ann Oncol 1997, 8, 685–
690, doi:10.1023/A:1008215730767. 

24.  Marotta, V.; Zatelli, M.C.; Sciammarella, C.; Ambrosio, M.R.; Bondanelli, 
M.; Colao, A.; Faggiano, A. Chromogranin A as Circulating Marker for Di-
agnosis and Management of Neuroendocrine Neoplasms: More Flaws than 
Fame. Endocrine-Related Cancer 2018, 25, R11–R29, doi:10.1530/ERC-17-
0269. 

25.  Rossi, R.E.; Lavezzi, E.; Jaafar, S.; Cristofolini, G.; Laffi, A.; Nappo, G.; 
Carrara, S.; Bertuzzi, A.F.; Uccella, S.; Repici, A.; et al. Urinary 5-Hydroxy-
indolacetic Acid Measurements in Patients with Neuroendocrine Tumor-Re-
lated Carcinoid Syndrome: State of the Art. Cancers 2023, 15, 4065, 
doi:10.3390/cancers15164065. 

26.  Wedin, M.; Mehta, S.; Angerås-Kraftling, J.; Wallin, G.; Daskalakis, K. The 
Role of Serum 5-HIAA as a Predictor of Progression and an Alternative to 
24-h Urine 5-HIAA in Well-Differentiated Neuroendocrine Neoplasms. Biol-
ogy (Basel) 2021, 10, 76, doi:10.3390/biology10020076. 

27.  de Mestier, L.; Savagner, F.; Brixi, H.; Do Cao, C.; Dominguez-Tinajero, S.; 
Roquin, G.; Goichot, B.; Hentic, O.; Dubreuil, O.; Hautefeuille, V.; et al. 
Plasmatic and Urinary 5-Hydroxyindolacetic Acid Measurements in Patients 
With Midgut Neuroendocrine Tumors: A GTE Study. J Clin Endocrinol 
Metab 2021, 106, e1673–e1682, doi:10.1210/clinem/dgaa924. 

28.  Grozinsky‐Glasberg, S.; Davar, J.; Hofland, J.; Dobson, R.; Prasad, V.; 
Pascher, A.; Denecke, T.; Tesselaar, M.E.T.; Panzuto, F.; Albåge, A.; et al. 
European Neuroendocrine Tumor Society (ENETS) 2022 Guidance Paper for 
Carcinoid Syndrome and Carcinoid Heart Disease. J Neuroendocrinol 2022, 
34, e13146, doi:10.1111/jne.13146. 

29.  Kaçmaz, E.; Chen, J.W.; Tanis, P.J.; Nieveen van Dijkum, E.J.M.; En-
gelsman, A.F. Postoperative Morbidity and Mortality after Surgical Resec-
tion of Small Bowel Neuroendocrine Neoplasms: A Systematic Review and 
Meta‐analysis. J Neuroendocrinol 2021, 33, e13008, doi:10.1111/jne.13008. 

30.  Zaidi, M.Y.; Lopez-Aguiar, A.G.; Dillhoff, M.; Beal, E.; Poultsides, G.; Ma-
kris, E.; Rocha, F.; Crown, A.; Idrees, K.; Marincola Smith, P.; et al. Prog-
nostic Role of Lymph Node Positivity and Number of Lymph Nodes Needed 
for Accurately Staging Small-Bowel Neuroendocrine Tumors. JAMA Surg 
2019, 154, 134–140, doi:10.1001/jamasurg.2018.3865. 

31.  Laskaratos, F.-M.; Walker, M.; Wilkins, D.; Tuck, A.; Ramakrishnan, S.; 
Phillips, E.; Gertner, J.; Megapanou, M.; Papantoniou, D.; Shah, R.; et al. 
Evaluation of Clinical Prognostic Factors and Further Delineation of the Ef-
fect of Mesenteric Fibrosis on Survival in Advanced Midgut Neuroendocrine 
Tumours. Neuroendocrinology 2018, 107, 292–304, doi:10.1159/000493317. 

32.  Blazevic, A.; Starmans, M.P.A.; Brabander, T.; Dwarkasing, R.S.; Gils, 
R.A.H. van; Hofland, J.; Franssen, G.J.H.; Feelders, R.A.; Niessen, W.J.; 
Klein, S.; et al. Predicting Symptomatic Mesenteric Mass in Small Intestinal 
Neuroendocrine Tumors Using Radiomics. Endocrine-Related Cancer 2021, 
28, 529–539, doi:10.1530/ERC-21-0064. 



 

 59

33.  Zheng, M.; Li, Y.; Li, T.; Zhang, L.; Zhou, L. Resection of the Primary Tu-
mor Improves Survival in Patients with Gastro-Entero-Pancreatic Neuroen-
docrine Neoplasms with Liver Metastases: A SEER-Based Analysis. Cancer 
Medicine 2019, 8, 5128–5136, doi:10.1002/cam4.2431. 

34.  Tierney, J.F.; Chivukula, S.V.; Wang, X.; Pappas, S.G.; Schadde, E.; Hertl, 
M.; Poirier, J.; Keutgen, X.M. Resection of Primary Tumor May Prolong 
Survival in Metastatic Gastroenteropancreatic Neuroendocrine Tumors. Sur-
gery 2019, 165, 644–651, doi:10.1016/j.surg.2018.09.006. 

35.  Daskalakis, K.; Karakatsanis, A.; Hessman, O.; Stuart, H.C.; Welin, S.; 
Tiensuu Janson, E.; Öberg, K.; Hellman, P.; Norlén, O.; Stålberg, P. Associa-
tion of a Prophylactic Surgical Approach to Stage IV Small Intestinal Neuro-
endocrine Tumors With Survival. JAMA Oncol 2018, 4, 183–189, 
doi:10.1001/jamaoncol.2017.3326. 

36.  Levy, S.; Arthur, J.D.; Banks, M.; Kok, N.F.M.; Fenwick, S.W.; Diaz-Nieto, 
R.; van Leerdam, M.E.; Cuthbertson, D.J.; Valk, G.D.; Kuhlmann, K.F.D.; et 
al. Primary Tumor Resection Is Associated with Improved Disease-Specific 
Mortality in Patients with Stage IV Small Intestinal Neuroendocrine Tumors 
(NETs): A Comparison of Upfront Surgical Resection Versus a Watch and 
Wait Strategy in Two Specialist NET Centers. Ann Surg Oncol 2022, 29, 
7822–7832, doi:10.1245/s10434-022-12030-0. 

37.  Rinke, A.; Müller, H.-H.; Schade-Brittinger, C.; Klose, K.-J.; Barth, P.; 
Wied, M.; Mayer, C.; Aminossadati, B.; Pape, U.-F.; Bläker, M.; et al. Pla-
cebo-Controlled, Double-Blind, Prospective, Randomized Study on the Ef-
fect of Octreotide LAR in the Control of Tumor Growth in Patients with Met-
astatic Neuroendocrine Midgut Tumors: A Report from the PROMID Study 
Group. J Clin Oncol 2009, 27, 4656–4663, doi:10.1200/JCO.2009.22.8510. 

38.  Caplin, M.E.; Pavel, M.; Ćwikła, J.B.; Phan, A.T.; Raderer, M.; Sedláčková, 
E.; Cadiot, G.; Wolin, E.M.; Capdevila, J.; Wall, L.; et al. Lanreotide in Met-
astatic Enteropancreatic Neuroendocrine Tumors. New England Journal of 
Medicine 2014, 371, 224–233, doi:10.1056/NEJMoa1316158. 

39.  Diamantopoulos, L.N.; Laskaratos, F.-M.; Kalligeros, M.; Shah, R.; Na-
valkissoor, S.; Gnanasegaran, G.; Banks, J.; Smith, J.; Jacobs, B.; Galanopou-
los, M.; et al. Antiproliferative Effect of Above-Label Doses of Somatostatin 
Analogs for the Management of Gastroenteropancreatic Neuroendocrine Tu-
mors. Neuroendocrinology 2021, 111, 650–659, doi:10.1159/000509420. 

40.  Ferolla, P.; Faggiano, A.; Grimaldi, F.; Ferone, D.; Scarpelli, G.; Ramundo, 
V.; Severino, R.; Bellucci, M.C.; Camera, L.M.; Lombardi, G.; et al. Short-
ened Interval of Long-Acting Octreotide Administration Is Effective in Pa-
tients with Well-Differentiated Neuroendocrine Carcinomas in Progression 
on Standard Doses. J Endocrinol Invest 2012, 35, 326–331, 
doi:10.3275/7869. 

41.  Lamberti, G.; Faggiano, A.; Brighi, N.; Tafuto, S.; Ibrahim, T.; Brizzi, M.P.; 
Pusceddu, S.; Albertelli, M.; Massironi, S.; Panzuto, F.; et al. Nonconven-
tional Doses of Somatostatin Analogs in Patients With Progressing Well-Dif-
ferentiated Neuroendocrine Tumor. The Journal of Clinical Endocrinology & 
Metabolism 2020, 105, 194–200, doi:10.1210/clinem/dgz035. 

42.  Wolin, E.M.; Jarzab, B.; Eriksson, B.; Walter, T.; Toumpanakis, C.; Morse, 
M.A.; Tomassetti, P.; Weber, M.M.; Fogelman, D.R.; Ramage, J.; et al. 
Phase III Study of Pasireotide Long-Acting Release in Patients with Meta-
static Neuroendocrine Tumors and Carcinoid Symptoms Refractory to Avail-
able Somatostatin Analogues. Drug Des Devel Ther 2015, 9, 5075–5086, 
doi:10.2147/DDDT.S84177. 



 

 60 

43.  Strosberg, J.; El-Haddad, G.; Wolin, E.; Hendifar, A.; Yao, J.; Chasen, B.; 
Mittra, E.; Kunz, P.L.; Kulke, M.H.; Jacene, H.; et al. Phase 3 Trial of 
177Lu-Dotatate for Midgut Neuroendocrine Tumors. New England Journal 
of Medicine 2017, 376, 125–135, doi:10.1056/NEJMoa1607427. 

44.  Pavel, M.; Ćwikła, J.B.; Lombard-Bohas, C.; Borbath, I.; Shah, T.; Pape, 
U.F.; Capdevila, J.; Panzuto, F.; Thanh, X.-M.T.; Houchard, A.; et al. Effi-
cacy and Safety of High-Dose Lanreotide Autogel in Patients with Progres-
sive Pancreatic or Midgut Neuroendocrine Tumours: CLARINET FORTE 
Phase 2 Study Results. European Journal of Cancer 2021, 157, 403–414, 
doi:10.1016/j.ejca.2021.06.056. 

45.  Singh, S.; Halperin, D.; Myrehaug, S.; Herrmann, K.; Pavel, M.; Kunz, P.L.; 
Chasen, B.; Tafuto, S.; Lastoria, S.; Capdevila, J.; et al. [177Lu]Lu-DOTA-
TATE plus Long-Acting Octreotide versus High‑dose Long-Acting Oc-
treotide for the Treatment of Newly Diagnosed, Advanced Grade 2–3, Well-
Differentiated, Gastroenteropancreatic Neuroendocrine Tumours (NETTER-
2): An Open-Label, Randomised, Phase 3 Study. The Lancet 2024, 403, 
2807–2817, doi:10.1016/S0140-6736(24)00701-3. 

46.  Strosberg, J.R.; Caplin, M.E.; Kunz, P.L.; Ruszniewski, P.B.; Bodei, L.; Hen-
difar, A.; Mittra, E.; Wolin, E.M.; Yao, J.C.; Pavel, M.E.; et al. 177Lu-Dota-
tate plus Long-Acting Octreotide versus High‑dose Long-Acting Octreotide 
in Patients with Midgut Neuroendocrine Tumours (NETTER-1): Final Over-
all Survival and Long-Term Safety Results from an Open-Label, Random-
ised, Controlled, Phase 3 Trial. The Lancet Oncology 2021, 22, 1752–1763, 
doi:10.1016/S1470-2045(21)00572-6. 

47.  Garske-Román, U.; Sandström, M.; Fröss Baron, K.; Lundin, L.; Hellman, P.; 
Welin, S.; Johansson, S.; Khan, T.; Lundqvist, H.; Eriksson, B.; et al. Pro-
spective Observational Study of 177Lu-DOTA-Octreotate Therapy in 200 
Patients with Advanced Metastasized Neuroendocrine Tumours (NETs): Fea-
sibility and Impact of a Dosimetry-Guided Study Protocol on Outcome and 
Toxicity. Eur J Nucl Med Mol Imaging 2018, 45, 970–988, 
doi:10.1007/s00259-018-3945-z. 

48.  Syguła, A.; Ledwon, A.; Hasse-Lazar, K.; Jurecka-Lubieniecka, B.; Micha-
lik, B.; Paliczka-Cieślik, E.; Zeman, M.; Chmielik, E.; Sczasny, J.; Jarzab, 
B.; et al. In Patients with Well-Differentiated Neuroendocrine Tumours, 
There Is No Apparent Benefit of Somatostatin Analogues after Disease Con-
trol by Peptide Receptor Radionuclide Therapy. Eur J Nucl Med Mol Imag-
ing 2022, 49, 3841–3851, doi:10.1007/s00259-022-05792-y. 

49.  Strosberg, J.; Leeuwenkamp, O.; Siddiqui, M.K. Peptide Receptor Radiother-
apy Re-Treatment in Patients with Progressive Neuroendocrine Tumors: A 
Systematic Review and Meta-Analysis. Cancer Treatment Reviews 2021, 93, 
doi:10.1016/j.ctrv.2020.102141. 

50.  Yao, J.C.; Fazio, N.; Singh, S.; Buzzoni, R.; Carnaghi, C.; Wolin, E.; To-
masek, J.; Raderer, M.; Lahner, H.; Voi, M.; et al. Everolimus for the Treat-
ment of Advanced, Non-Functional Neuroendocrine Tumours of the Lung or 
Gastrointestinal Tract (RADIANT-4): A Randomised, Placebo-Controlled, 
Phase 3 Study. Lancet 2016, 387, 968–977, doi:10.1016/S0140-
6736(15)00817-X. 

51.  Singh, S.; Carnaghi, C.; Buzzoni, R.; Pommier, R.F.; Raderer, M.; Tomasek, 
J.; Lahner, H.; Valle, J.W.; Voi, M.; Bubuteishvili-Pacaud, L.; et al. Everoli-
mus in Neuroendocrine Tumors of the Gastrointestinal Tract and Unknown 
Primary. Neuroendocrinology 2017, 106, 211–220, doi:10.1159/000477585. 



 

 61

52.  Strosberg, J.; Wolin, E.; Chasen, B.; Kulke, M.; Bushnell, D.; Caplin, M.; 
Baum, R.P.; Kunz, P.; Hobday, T.; Hendifar, A.; et al. Health-Related Qual-
ity of Life in Patients With Progressive Midgut Neuroendocrine Tumors 
Treated With 177Lu-Dotatate in the Phase III NETTER-1 Trial. JCO 2018, 
36, 2578–2584, doi:10.1200/JCO.2018.78.5865. 

53.  Fazio, N.; de Braud, F.; Delle Fave, G.; Öberg, K. Interferon-α and Somato-
statin Analog in Patients with Gastroenteropancreatic Neuroendocrine Carci-
noma: Single Agent or Combination? Ann Oncol 2007, 18, 13–19, 
doi:10.1093/annonc/mdl144. 

54.  Walter, M.A.; Nesti, C.; Spanjol, M.; Kollár, A.; Bütikofer, L.; Gloy, V.L.; 
Dumont, R.A.; Seiler, C.A.; Christ, E.R.; Radojewski, P.; et al. Treatment for 
Gastrointestinal and Pancreatic Neuroendocrine Tumours: A Network Meta‐
analysis. Cochrane Database of Systematic Reviews 2021, 
doi:10.1002/14651858.CD013700.pub2. 

55.  Kaderli, R.M.; Spanjol, M.; Kollár, A.; Bütikofer, L.; Gloy, V.; Dumont, 
R.A.; Seiler, C.A.; Christ, E.R.; Radojewski, P.; Briel, M.; et al. Therapeutic 
Options for Neuroendocrine Tumors. JAMA Oncol 2019, 5, 480–489, 
doi:10.1001/jamaoncol.2018.6720. 

56.  Kulke, M.H.; Hörsch, D.; Caplin, M.E.; Anthony, L.B.; Bergsland, E.; Öberg, 
K.; Welin, S.; Warner, R.R.P.; Lombard-Bohas, C.; Kunz, P.L.; et al. Telotri-
stat Ethyl, a Tryptophan Hydroxylase Inhibitor for the Treatment of Car-
cinoid Syndrome. JCO 2017, 35, 14–23, doi:10.1200/JCO.2016.69.2780. 

57.  Pavel, M.; Gross, D.J.; Benavent, M.; Perros, P.; Srirajaskanthan, R.; Warner, 
R.R.P.; Kulke, M.H.; Anthony, L.B.; Kunz, P.L.; Hörsch, D.; et al. Telotristat 
Ethyl in Carcinoid Syndrome: Safety and Efficacy in the TELECAST Phase 
3 Trial. Endocr Relat Cancer 2018, 25, 309–322, doi:10.1530/ERC-17-0455. 

58.  Raymond, E.; Dahan, L.; Raoul, J.-L.; Bang, Y.-J.; Borbath, I.; Lombard-Bo-
has, C.; Valle, J.; Metrakos, P.; Smith, D.; Vinik, A.; et al. Sunitinib Malate 
for the Treatment of Pancreatic Neuroendocrine Tumors. N Engl J Med 2011, 
364, 501–513, doi:10.1056/NEJMoa1003825. 

59.  Garcia-Carbonero, R.; Benavent, M.; Fonseca, P.J.; Castellano, D.; Alonso-
Gordoa, T.; Teulé, A.; Custodio, A.; Tafuto, S.; Casta, A.L.; Spada, F.; et al. 
1097O The AXINET Trial (GETNE1107): Axitinib plus Octreotide LAR Im-
proves PFS by Blinded Central Radiological Assessment vs Placebo plus Oc-
treotide LAR in G1-2 Extrapancreatic NETs. Annals of Oncology 2021, 32, 
S907–S908, doi:10.1016/j.annonc.2021.08.179. 

60.  Bergsland, E.K.; Mahoney, M.R.; Asmis, T.R.; Hall, N.; Kumthekar, P.; 
Maitland, M.L.; Niedzwiecki, D.; Nixon, A.B.; O’Reilly, E.M.; Schwartz, 
L.H.; et al. Prospective Randomized Phase II Trial of Pazopanib versus Pla-
cebo in Patients with Progressive Carcinoid Tumors (CARC) (Alliance 
A021202). JCO 2019, 37, 4005–4005, 
doi:10.1200/JCO.2019.37.15_suppl.4005. 

61.  Capdevila, J.; Fazio, N.; Lopez, C.; Teulé, A.; Valle, J.W.; Tafuto, S.; Cus-
todio, A.; Reed, N.; Raderer, M.; Grande, E.; et al. Lenvatinib in Patients 
With Advanced Grade 1/2 Pancreatic and Gastrointestinal Neuroendocrine 
Tumors: Results of the Phase II TALENT Trial (GETNE1509). JCO 2021, 
39, 2304–2312, doi:10.1200/JCO.20.03368. 

62.  Xu, J.; Shen, L.; Zhou, Z.; Li, J.; Bai, C.; Chi, Y.; Li, Z.; Xu, N.; Li, E.; Liu, 
T.; et al. Surufatinib in Advanced Extrapancreatic Neuroendocrine Tumours 
(SANET-Ep): A Randomised, Double-Blind, Placebo-Controlled, Phase 3 
Study. The Lancet Oncology 2020, 21, 1500–1512, doi:10.1016/S1470-
2045(20)30496-4. 



 

 62 

63.  Chan, J.A.; Faris, J.E.; Murphy, J.E.; Blaszkowsky, L.S.; Kwak, E.L.; 
McCleary, N.J.; Fuchs, C.S.; Meyerhardt, J.A.; Ng, K.; Zhu, A.X.; et al. 
Phase II Trial of Cabozantinib in Patients with Carcinoid and Pancreatic Neu-
roendocrine Tumors (pNET). JCO 2017, 35, 228–228, 
doi:10.1200/JCO.2017.35.4_suppl.228. 

64.  Chan, J.A.; Geyer, S.; Zemla, T.; Knopp, M.V.; Behr, S.; Pulsipher, S.; Ou, 
F.-S.; Dueck, A.C.; Acoba, J.; Shergill, A.; et al. Phase 3 Trial of Cabozan-
tinib to Treat Advanced Neuroendocrine Tumors. New England Journal of 
Medicine 2025, 392, 653–665, doi:10.1056/NEJMoa2403991. 

65.  Refardt, J.; Zandee, W.T.; Brabander, T.; Feelders, R.A.; Franssen, G.J.H.; 
Hofland, L.J.; Christ, E.; de Herder, W.W.; Hofland, J. Inferior Outcome of 
Neuroendocrine Tumor Patients Negative on Somatostatin Receptor Imaging. 
Endocr Relat Cancer 2020, 27, 615–624, doi:10.1530/ERC-20-0340. 

66.  Lamarca, A.; Elliott, E.; Barriuso, J.; Backen, A.; McNamara, M.G.; Hubner, 
R.; Valle, J.W. Chemotherapy for Advanced Non-Pancreatic Well-Differenti-
ated Neuroendocrine Tumours of the Gastrointestinal Tract, a Systematic Re-
view and Meta-Analysis: A Lost Cause? Cancer Treatment Reviews 2016, 
44, 26–41, doi:10.1016/j.ctrv.2016.01.005. 

67.  Al-Toubah, T.; Morse, B.; Strosberg, J. Efficacy of Capecitabine and Te-
mozolomide in Small Bowel (Midgut) Neuroendocrine Tumors. Curr Oncol 
2022, 29, 510–515, doi:10.3390/curroncol29020046. 

68.  Koch, C.; Bambey, C.; Filmann, N.; Stanke, M.; Waidmann, O.; Husmann, 
G.; Bojunga, J. Survival According to Therapy Regimen for Small Intestinal 
Neuroendocrine Tumors. J Clin Med 2022, 11, 2358, 
doi:10.3390/jcm11092358. 

69.  Oziel-Taieb, S.; Zemmour, C.; Raoul, J.-L.; Mineur, L.; Poizat, F.; Charrier, 
N.; Piana, G.; Cavaglione, G.; Niccoli, P. Efficacy of FOLFOX Chemother-
apy in Metastatic Enteropancreatic Neuroendocrine Tumors. Anticancer Re-
search 2021, 41, 2071–2078, doi:10.21873/anticanres.14977. 

70.  Mitry, E.; Walter, T.; Baudin, E.; Kurtz, J.-E.; Ruszniewski, P.; Dominguez-
Tinajero, S.; Bengrine-Lefevre, L.; Cadiot, G.; Dromain, C.; Farace, F.; et al. 
Bevacizumab plus Capecitabine in Patients with Progressive Advanced Well-
Differentiated Neuroendocrine Tumors of the Gastro-Intestinal (GI-NETs) 
Tract (BETTER Trial) – A Phase II Non-Randomised Trial. European Jour-
nal of Cancer 2014, 50, 3107–3115, doi:10.1016/j.ejca.2014.10.001. 

71.  Sorbye, H.; Grande, E.; Pavel, M.; Tesselaar, M.; Fazio, N.; Reed, N.S.; 
Knigge, U.; Christ, E.; Ambrosini, V.; Couvelard, A.; et al. European Neuro-
endocrine Tumor Society (ENETS) 2023 Guidance Paper for Digestive Neu-
roendocrine Carcinoma. Journal of Neuroendocrinology 2023, 35, e13249, 
doi:10.1111/jne.13249. 

72.  Landerholm, K.; Falkmer, S.E. Ki-67 Index and Solid Growth Pattern as 
Prognostic Markers in Small Intestinal Neuroendocrine Tumors. NEN 2015, 
102, 327–334, doi:10.1159/000434724. 

73.  Panzuto, F.; Campana, D.; Fazio, N.; Brizzi, M.P.; Boninsegna, L.; Nori, F.; 
Meglio, G.D.; Capurso, G.; Scarpa, A.; Dogliotti, L.; et al. Risk Factors for 
Disease Progression in Advanced Jejunoileal Neuroendocrine Tumors. NEN 
2012, 96, 32–40, doi:10.1159/000334038. 

74.  Norlén, O.; Stålberg, P.; Öberg, K.; Eriksson, J.; Hedberg, J.; Hessman, O.; 
Janson, E.T.; Hellman, P.; Åkerström, G. Long-Term Results of Surgery for 
Small Intestinal Neuroendocrine Tumors at a Tertiary Referral Center. World 
J Surg 2012, 36, 1419–1431, doi:10.1007/s00268-011-1296-z. 



 

 63

75.  Man, D.; Wu, J.; Shen, Z.; Zhu, X. Prognosis of Patients with Neuroendo-
crine Tumor: A SEER Database Analysis. Cancer Manag Res 2018, 10, 
5629–5638, doi:10.2147/CMAR.S174907. 

76.  Modlin, I.M.; Gustafsson, B.I.; Pavel, M.; Svejda, B.; Lawrence, B.; Kidd, 
M. A Nomogram to Assess Small-Intestinal Neuroendocrine Tumor (‘Car-
cinoid’) Survival. NEN 2010, 92, 143–157, doi:10.1159/000319784. 

77.  Shah, C.P.; Mramba, L.K.; Bishnoi, R.; Unnikrishnan, A.; Duff, J.M.; Chan-
dana, S.R. Survival Trends of Metastatic Small Intestinal Neuroendocrine 
Tumor: A Population-Based Analysis of SEER Database. J Gastrointest On-
col 2019, 10, 869–877, doi:10.21037/jgo.2019.05.02. 

78.  Baptiste, G.G.; Postlewait, L.M.; Ethun, C.G.; Le, N.; McInnis, M.R.; Rus-
sell, M.C.; Winer, J.H.; Kooby, D.A.; Staley, C.A.; Maithel, S.K.; et al. 
Symptomatic Presentation as a Predictor of Recurrence in Gastroentero-
pancreatic Neuroendocrine Tumors: A Single Institution Experience over 15 
Years. J Surg Oncol 2016, 114, 163–169, doi:10.1002/jso.24279. 

79.  Laskaratos, F.M.; Diamantopoulos, L.; Walker, M.; Walton, H.; Khalifa, M.; 
El-Khouly, F.; Koffas, A.; Demetriou, G.; Caplin, M.; Toumpanakis, C.; et 
al. Prognostic Factors for Survival among Patients with Small Bowel Neuro-
endocrine Tumours Associated with Mesenteric Desmoplasia. NEN 2018, 
106, 366–380, doi:10.1159/000486097. 

80.  Bergestuen, D.S.; Aabakken, L.; Holm, K.; Vatn, M.; Thiis-Evensen, E. 
Small Intestinal Neuroendocrine Tumors: Prognostic Factors and Survival. 
Scandinavian Journal of Gastroenterology 2009, 44, 1084–1091, 
doi:10.1080/00365520903082432. 

81.  Chou, W.-C.; Chen, J.-S.; Hung, Y.-S.; Hsu, J.-T.; Chen, T.-C.; Sun, C.-F.; 
Lu, C.-H.; Hwang, T.-L. Plasma Chromogranin A Levels Predict Survival 
and Tumor Response in Patients with Advanced Gastroenteropancreatic Neu-
roendocrine Tumors. Anticancer Res 2014, 34, 5661–5669. 

82.  Levy, S.; van Veenendaal, L.M.; Korse, C.M.; Breekveldt, E.C.H.; Verbeek, 
W.H.M.; Vriens, M.R.; Kuhlmann, K.F.D.; van den Berg, J.G.; Valk, G.D.; 
Tesselaar, M.E.T. Survival in Patients with Neuroendocrine Tumours of the 
Small Intestine: Nomogram Validation and Predictors of Survival. J Clin 
Med 2020, 9, doi:10.3390/jcm9082502. 

83.  Söreide, J.A.; van Heerden, J.A.; Thompson, G.B.; Schleck, C.; Ilstrup, 
D.M.; Churchward, M. Gastrointestinal Carcinoid Tumors: Long-Term Prog-
nosis for Surgically Treated Patients. World J. Surg. 2000, 24, 1431–1436, 
doi:10.1007/s002680010236. 

84.  Dromain, C.; Pavel, M.E.; Ruszniewski, P.; Langley, A.; Massien, C.; Bau-
din, E.; Caplin, M.E. Tumor Growth Rate as a Metric of Progression, Re-
sponse, and Prognosis in Pancreatic and Intestinal Neuroendocrine Tumors. 
BMC Cancer 2019, 19, 66, doi:10.1186/s12885-018-5257-x. 

85.  Bertani, E.; Falconi, M.; Grana, C.; Botteri, E.; Chiappa, A.; Misitano, P.; 
Spada, F.; Ravizza, D.; Bazolli, B.; Fazio, N. Small Intestinal Neuroendo-
crine Tumors with Liver Metastases and Resection of the Primary: Prognostic 
Factors for Decision Making. Int J Surg 2015, 20, 58–64, 
doi:10.1016/j.ijsu.2015.06.019. 

86.  Wedin, M.; Janson, E.T.; Wallin, G.; Sundin, A.; Daskalakis, K. Prevalence 
of Metastases Outside the Liver and Abdominal Lymph Nodes on Ga-DO-
TATOC-PET/CT in Patients with Small Intestinal and Pancreatic Neuroendo-
crine Tumours. Journal of Neuroendocrinology 2024, 36, e13391, 
doi:10.1111/jne.13391. 



 

 64 

87.  Wedin, M.; Wallin, G.; Daskalakis, K.; Sundin, A.; Janson, E.T. 72226 - 
Clinical Impact and Prognosis of Bone Metastases Evident on 68Galium DO-
TATOC PET/CT in Patients with Si-NET - Do They Matter? British Journal 
of Surgery 2024, 111, znae175.118, doi:10.1093/bjs/znae175.118. 

88.  Norlén, O.; Stålberg, P.; Öberg, K.; Eriksson, J.; Hedberg, J.; Hessman, O.; 
Janson, E.T.; Hellman, P.; Åkerström, G. Long-Term Results of Surgery for 
Small Intestinal Neuroendocrine Tumors at a Tertiary Referral Center. World 
J Surg 2012, 36, 1419–1431, doi:10.1007/s00268-011-1296-z. 

89.  Foubert, F.; Salimon, M.; Dumars, C.; Regenet, N.; Girot, P.; Venara, A.; 
Senellart, H.; Heymann, M.-F.; Matysiak-Budnik, T.; Touchefeu, Y. Survival 
and Prognostic Factors Analysis of 151 Intestinal and Pancreatic Neuroendo-
crine Tumors: A Single Center Experience. J Gastrointest Oncol 2019, 10, 
103–111, doi:10.21037/jgo.2018.09.13. 

90.  Limbach, K.E.; Pommier, S.J.; Dewey, E.; Leon, E.; Pommier, R.F. Neuroen-
docrine Metastases to the Ovaries Are Significantly Associated with Small 
Bowel Neuroendocrine Tumors and Carcinomatosis. The American Journal 
of Surgery 2020, 219, 795–799, doi:10.1016/j.amjsurg.2020.02.040. 

91.  Madani, A.; Thomassen, I.; van Gestel, Y.R.B.M.; van der Bilt, J.D.W.; 
Haak, H.R.; de Hingh, I.H.J.T.; Lemmens, V.E.P.P. Peritoneal Metastases 
from Gastroenteropancreatic Neuroendocrine Tumors: Incidence, Risk Fac-
tors and Prognosis. Ann. Surg. Oncol. 2017, 24, 2199–2205, 
doi:10.1245/s10434-016-5734-x. 

92.  Di Giacinto, P.; Rota, F.; Rizza, L.; Campana, D.; Isidori, A.; Lania, A.; 
Lenzi, A.; Zuppi, P.; Baldelli, R. Chromogranin A: From Laboratory to Clini-
cal Aspects of Patients with Neuroendocrine Tumors. Int J Endocrinol 2018, 
2018, doi:10.1155/2018/8126087. 

93.  Buil-Bruna, N.; Dehez, M.; Manon, A.; Nguyen, T.X.Q.; Trocóniz, I.F. Es-
tablishing the Quantitative Relationship Between Lanreotide Autogel®, 
Chromogranin A, and Progression-Free Survival in Patients with Nonfunc-
tioning Gastroenteropancreatic Neuroendocrine Tumors. AAPS J 2016, 18, 
703–712, doi:10.1208/s12248-016-9884-3. 

94.  Baudin, E.; Wolin, E.; Castellano, D.; Kaltsas, G.; Panneerselvam, A.; 
Tsuchihashi, Z.; Saletan, S.; Yao, J.C.; Gross, D. 6564 POSTER Correlation 
of PFS With Early Response of Chromogranin A and 5-Hydroxyindoleacetic 
Acid Levels in Pts With Advanced Neuroendocrine Tumours: Phase III RA-
DIANT-2 Study Results. European Journal of Cancer 2011, 47, S460, 
doi:10.1016/S0959-8049(11)71875-5. 

95.  Bodei, L.; Kidd, M.; Modlin, I.M.; Severi, S.; Drozdov, I.; Nicolini, S.; 
Kwekkeboom, D.J.; Krenning, E.P.; Baum, R.P.; Paganelli, G. Measurement 
of Circulating Transcripts and Gene Cluster Analysis Predicts and Defines 
Therapeutic Efficacy of Peptide Receptor Radionuclide Therapy (PRRT) in 
Neuroendocrine Tumors. Eur J Nucl Med Mol Imaging 2016, 43, 839–851, 
doi:10.1007/s00259-015-3250-z. 

96.  Dam, G.; Grønbæk, H.; Sorbye, H.; Thiis Evensen, E.; Paulsson, B.; Sundin, 
A.; Jensen, C.; Ebbesen, D.; Knigge, U.; Tiensuu Janson, E. Prospective 
Study of Chromogranin A as a Predictor of Progression in Patients with Pan-
creatic, Small-Intestinal, and Unknown Primary Neuroendocrine Tumors. 
NEN 2020, 110, 217–224, doi:10.1159/000503833. 

97.  Zandee, W.T.; Kamp, K.; Adrichem, R.C.S. van; Feelders, R.A.; Herder, 
W.W. de Limited Value for Urinary 5-HIAA Excretion as Prognostic Marker 
in Gastrointestinal Neuroendocrine Tumours. European Journal of Endocri-
nology 2016, 175, 361–366, doi:10.1530/EJE-16-0392. 



 

 65

98.  Maurer, E.; Heinzel-Gutenbrunner, M.; Rinke, A.; Rütz, J.; Holzer, K.; Fi-
giel, J.; Luster, M.; Bartsch, D.K. Relevant Prognostic Factors in Patients 
with Stage IV Small Intestine Neuroendocrine Neoplasms. Journal of Neuro-
endocrinology 2022, 34, e13076, doi:10.1111/jne.13076. 

99.  Krasnick, B.A.; Davidson, J.T.; Panni, R.Z.; McGilvray, M.; Zarate Rodri-
guez, J.; Lopez-Aguiar, A.G.; Dillhoff, M.; Beal, E.W.; Poultsides, G.A.; 
Makris, E.; et al. Prognostic Value of Neutrophil-to-Lymphocyte Ratio 
(NLR) in Intestinal Neuroendocrine Tumors: An Analysis of the U.S. Neuro-
endocrine Tumor Study Group. JCO 2018, 36, 694–694, 
doi:10.1200/JCO.2018.36.4_suppl.694. 

100.  Cui, L.-J.; Yu, F.-H.; Cheng, Z.-X.; Su, F.; Chen, Y.-Y.; Tan, H.-Y. Prognos-
tic Value of Inflammation-Related Biomarkers in Patients with Gastroentero-
pancreatic Neuroendocrine Neoplasms: A Systematic Review and Meta-
Analysis. Journal of Neuroendocrinology 2024, 36, e13381, 
doi:10.1111/jne.13381. 

101.  Öberg, K. Molecular Genomic Blood Biomarkers for Neuroendocrine Tu-
mors: The Long and Winding Road from Berzelius and Bence Jones to a 
Neuroendocrine Destination. NEN 2020, doi:10.1159/000508488. 

102.  Malczewska, A.; Kos-Kudła, B.; Kidd, M.; Drozdov, I.; Bodei, L.; Matar, S.; 
Oberg, K.; Modlin, I.M. The Clinical Applications of a Multigene Liquid Bi-
opsy (NETest) in Neuroendocrine Tumors. Advances in Medical Sciences 
2020, 65, 18–29, doi:10.1016/j.advms.2019.10.002. 

103.  Yao, J.C.; Guthrie, K.A.; Moran, C.; Strosberg, J.R.; Kulke, M.H.; Chan, 
J.A.; LoConte, N.; McWilliams, R.R.; Wolin, E.M.; Mattar, B.; et al. Phase 
III Prospective Randomized Comparison Trial of Depot Octreotide Plus In-
terferon Alfa-2b Versus Depot Octreotide Plus Bevacizumab in Patients With 
Advanced Carcinoid Tumors: SWOG S0518. J Clin Oncol 2017, 35, 1695–
1703, doi:10.1200/JCO.2016.70.4072. 

104.  Ardill, J.E.; McCance, D.R.; Stronge, W.V.; Johnston, B.T. Raised Circulat-
ing Neurokinin A Predicts Prognosis in Metastatic Small Bowel Neuroendo-
crine Tumours. Lowering Neurokinin A Indicates Improved Prognosis. Ann. 
Clin. Biochem. 2016, 53, 259–264, doi:10.1177/0004563215592021. 

105.  Kjellman, M.; Welin, S.; Gronbaek, H.; Thiis-Evensen, E.; Sorbye, H.; Joer-
gensen, M.T.; Johanson, V.; Metso, S.; Becker, K.; Ström, T.; et al. Plasma 
Protein Kallikrein-14 Strongly Predicts Pronounced Chromogranin A (CgA) 
Response in Small Intestinal Neuroendocrine Tumor (NET) Patients after So-
matostatin Analog (SSA) Treatment: The Nordic EXPLAIN Biomarker 
Study Abstract #2083.; 2018. 

106.  Kjellman, M.; Knigge, U.; Welin, S.; Thiis-Evensen, E.; Gronbaek, H.; Scha-
lin-Jäntti, C.; Sorbye, H.; Joergensen, M.T.; Johanson, V.; Metso, S.; et al. A 
Plasma Protein Biomarker Strategy for Detection of Small Intestinal Neuro-
endocrine Tumors. Neuroendocrinology 2021, 111, 840–849, 
doi:10.1159/000510483. 

107.  Knigge, U.; Kjellman, M.; Gronbaek, H.; Thiis-Evensen, E.; Schalin-Jäntti, 
C.; Welin, S.; Sorbye, H.; Schneider, M.; Belusa, R. Use of Plasma Proteins 
to Predict Progressive Disease in Patients with Small Intestinal Neuroendo-
crine Tumours Abstract #2783.; 2020. 

108.  Alberts, B.; Johnson, A.; Lewis, J.; Raff, M.; Roberts, K.; Walter, P. An 
Overview of the Cell Cycle. In Molecular Biology of the Cell. 4th edition; 
Garland Science, 2002. 



 

 66 

109.  Cuylen, S.; Blaukopf, C.; Politi, A.Z.; Müller-Reichert, T.; Neumann, B.; 
Poser, I.; Ellenberg, J.; Hyman, A.A.; Gerlich, D.W. Ki-67 Acts as a Biologi-
cal Surfactant to Disperse Mitotic Chromosomes. Nature 2016, 535, 308–
312, doi:10.1038/nature18610. 

110.  Huang, W.; Nebiolo, C.; Esbona, K.; Hu, R.; Lloyd, R. Ki67 Index and Mi-
totic Count: Correlation and Variables Affecting the Accuracy of the Quanti-
fication in Endocrine/Neuroendocrine Tumors. Annals of Diagnostic Pathol-
ogy 2020, 48, 151586, doi:10.1016/j.anndiagpath.2020.151586. 

111.  Sun, Y.; Lohse, C.; Smyrk, T.; Hobday, T.; Kroneman, T.; Zhang, L. The In-
fluence of Tumor Stage on the Prognostic Value of Ki-67 Index and Mitotic 
Count in Small Intestinal Neuroendocrine Tumors. The American Journal of 
Surgical Pathology 2018, 42, 247–255, 
doi:10.1097/PAS.0000000000000968. 

112.  Keck, K.J.; Choi, A.; Maxwell, J.E.; Li, G.; O’Dorisio, T.M.; Breheny, P.; 
Bellizzi, A.M.; Howe, J.R. Increased Grade in Neuroendocrine Tumor Metas-
tases Negatively Impacts Survival. Ann Surg Oncol 2017, 24, 2206–2212, 
doi:10.1245/s10434-017-5899-y. 

113.  Panzuto, F.; Cicchese, N.; Partelli, S.; Rinzivillo, M.; Capurso, G.; Merola, 
E.; Manzoni, M.; Pucci, E.; Iannicelli, E.; Pilozzi, E.; et al. Impact of Ki67 
Re-Assessment at Time of Disease Progression in Patients with Pancreatic 
Neuroendocrine Neoplasms. PLoS One 2017, 12, doi:10.1371/jour-
nal.pone.0179445. 

114.  Sadler, D.W.; Coghill, S.B. HISTOPATHOLOGISTS, MALIGNANCIES, 
AND UNDEFINED HIGH-POWER FIELDS. The Lancet 1989, 333, 785–
786, doi:10.1016/S0140-6736(89)92605-6. 

115.  Reid, M.D.; Bagci, P.; Ohike, N.; Saka, B.; Seven, I.E.; Dursun, N.; Balci, S.; 
Gucer, H.; Jang, K.-T.; Tajiri, T.; et al. Calculation of the Ki67 Index in Pan-
creatic Neuroendocrine Tumors: A Comparative Analysis of Four Counting 
Methodologies. Mod Pathol 2015, 28, 686–694, doi:10.1038/mod-
pathol.2014.156. 

116.  Lea, D.; Gudlaugsson, E.G.; Skaland, I.; Lillesand, M.; Søreide, K.; Søreide, 
J.A. Digital Image Analysis of the Proliferation Markers Ki67 and Phospho-
histone H3 in Gastroenteropancreatic Neuroendocrine Neoplasms: Accuracy 
of Grading Compared With Routine Manual Hot Spot Evaluation of the Ki67 
Index. Applied Immunohistochemistry & Molecular Morphology 2021, 29, 
499, doi:10.1097/PAI.0000000000000934. 

117.  Hacking, S.M.; Sajjan, S.; Lee, L.; Ziemba, Y.; Angert, M.; Yang, Y.; Jin, C.; 
Chavarria, H.; Kataria, N.; Jain, S.; et al. Potential Pitfalls in Diagnostic Digi-
tal Image Analysis: Experience with Ki-67 and PHH3 in Gastrointestinal 
Neuroendocrine Tumors. Pathol Res Pract 2020, 216, 152753, 
doi:10.1016/j.prp.2019.152753. 

118.  Thunnissen, F.B.J.M.; Ambergen, A.W.; Koss, M.; Travis, W.D.; O’Leary, 
T.J.; Ellis, I.O. Mitotic Counting in Surgical Pathology: Sampling Bias, Het-
erogeneity and Statistical Uncertainty. Histopathology 2001, 39, 1–8, 
doi:10.1046/j.1365-2559.2001.01187.x. 

119.  Voss, S.M.; Riley, M.P.; Lokhandwala, P.M.; Wang, M.; Yang, Z. Mitotic 
Count by Phosphohistone H3 Immunohistochemical Staining Predicts Sur-
vival and Improves Interobserver Reproducibility in Well-Differentiated 
Neuroendocrine Tumors of the Pancreas. The American Journal of Surgical 
Pathology 2015, 39, 13, doi:10.1097/PAS.0000000000000341. 



 

 67

120.  Kim, M.J.; Kwon, M.J.; Kang, H.S.; Choi, K.C.; Nam, E.S.; Cho, S.J.; Park, 
H.-R.; Min, S.K.; Seo, J.; Choe, J.-Y.; et al. Identification of Phosphohistone 
H3 Cutoff Values Corresponding to Original WHO Grades but Distinguisha-
ble in Well-Differentiated Gastrointestinal Neuroendocrine Tumors. BioMed 
Research International 2018, 2018, 1–10, doi:10.1155/2018/1013640. 

121.  Ad, F.; C, C.; S, K.; D, L.; X, G.; Md, R. Phosphohistone H3 and Ki-67 La-
beling Indices in Cytologic Specimens from Well-Differentiated Neuroendo-
crine Tumors of the Gastrointestinal Tract and Pancreas: A Comparative 
Analysis Using Automated Image Cytometry. Acta cytologica 2013, 57, 
doi:10.1159/000351475. 

122.  Mathian, É.; Drouet, Y.; Sexton-Oates, A.; Papotti, M.G.; Pelosi, G.; 
Vignaud, J.-M.; Brcic, L.; Mansuet-Lupo, A.; Damiola, F.; Altun, C.; et al. 
Assessment of the Current and Emerging Criteria for the Histopathological 
Classification of Lung Neuroendocrine Tumours in the lungNENomics Pro-
ject. ESMO Open 2024, 9, 103591, doi:10.1016/j.esmoop.2024.103591. 

123.  Ozturk Sari, S.; Taskin, O.C.; Gundogdu, G.; Yegen, G.; Onder, S.; Keskin, 
M.; Saglam, S.; Ozluk, Y.; Gulluoglu, M.; Mete, O. The Impact of Phospho-
histone-H3-Assisted Mitotic Count and Ki67 Score in the Determination of 
Tumor Grade and Prediction of Distant Metastasis in Well-Differentiated 
Pancreatic Neuroendocrine Tumors. Endocr Pathol 2016, 27, 162–170, 
doi:10.1007/s12022-016-9424-9. 

124.  Tracht, J.; Zhang, K.; Peker, D. Grading and Prognostication of Neuroendo-
crine Tumors of the Pancreas: A Comparison Study of Ki67 and PHH3. J 
Histochem Cytochem. 2017, 65, 399–405, doi:10.1369/0022155417708186. 

125.  Tsuta, K.; Liu, D.C.; Kalhor, N.; Wistuba, I.I.; Moran, C.A. Using the Mito-
sis-Specific Marker Anti–Phosphohistone H3 to Assess Mitosis in Pulmonary 
Neuroendocrine Carcinomas. American Journal of Clinical Pathology 2011, 
136, 252–259, doi:10.1309/AJCPDXFOPXGEF0RP. 

126.  Villani, V.; Mahadevan, K.K.; Ligorio, M.; Fernández-del Castillo, C.; Ting, 
D.T.; Sabbatino, F.; Zhang, I.; Vangel, M.; Ferrone, S.; Warshaw, A.L.; et al. 
Phosphorylated Histone H3 (PHH3) Is a Superior Proliferation Marker for 
Prognosis of Pancreatic Neuroendocrine Tumors. Ann Surg Oncol 2016, 23, 
609–617, doi:10.1245/s10434-016-5171-x. 

127.  Zhao, C.L.; Dabiri, B.; Hanna, I.; Lee, L.; Xiaofei, Z.; Hossein-Zadeh, Z.; 
Cao, W.; Allendorf, J.; Rodriguez, A.P.; Weng, K.; et al. Improving Fine 
Needle Aspiration to Predict the Tumor Biological Aggressiveness in Pancre-
atic Neuroendocrine Tumors Using Ki-67 Proliferation Index, Phosphory-
lated Histone H3 (PHH3), and BCL-2. Annals of Diagnostic Pathology 2023, 
65, 152149, doi:10.1016/j.anndiagpath.2023.152149. 

128.  Qian, Z.R.; Li, T.; Ter-Minassian, M.; Yang, J.; Chan, J.A.; Brais, L.K.; Ma-
sugi, Y.; Thiaglingam, A.; Brooks, N.; Nishihara, R.; et al. Association Be-
tween Somatostatin Receptor Expression and Clinical Outcomes in Neuroen-
docrine Tumors. Pancreas 2016, 45, 1386–1393, 
doi:10.1097/MPA.0000000000000700. 

129.  van Adrichem, R.C.S.; Kamp, K.; van Deurzen, C.H.M.; Biermann, K.; 
Feelders, R.A.; Franssen, G.J.H.; Kwekkeboom, D.J.; Hofland, L.J.; de 
Herder, W.W. Is There an Additional Value of Using Somatostatin Receptor 
Subtype 2a Immunohistochemistry Compared to Somatostatin Receptor Scin-
tigraphy Uptake in Predicting Gastroenteropancreatic Neuroendocrine Tumor 
Response? Neuroendocrinology 2016, 103, 560–566, 
doi:10.1159/000441604. 



 

 68 

130.  Therneau, T.; Crowson, S.; Atkinson, E. Adjusted Survival Curves Available 
online: https://cran.r-project.org/web/packages/survival/vi-
gnettes/adjcurve.pdf (accessed on 2 July 2022). 

131.  Kassambara, A.; Kosinski, M.; Biecek, P. R: Adjusted Survival Curves for 
Cox Proportional Hazards Model Available online: https://search.r-pro-
ject.org/CRAN/refmans/survminer/html/ggadjustedcurves.html (accessed on 
2 July 2022). 

132.  Nikou, G.C.; Marinou, K.; Thomakos, P.; Papageorgiou, D.; Sanzanidis, V.; 
Nikolaou, P.; Kosmidis, C.; Moulakakis, A.; Mallas, E. Chromogranin a Lev-
els in Diagnosis, Treatment and Follow-up of 42 Patients with Non-Function-
ing Pancreatic Endocrine Tumours. Pancreatology 2008, 8, 510–519, 
doi:10.1159/000152000. 

133.  Yao, J.C.; Pavel, M.; Phan, A.T.; Kulke, M.H.; Hoosen, S.; St. Peter, J.; 
Cherfi, A.; Öberg, K.E. Chromogranin A and Neuron-Specific Enolase as 
Prognostic Markers in Patients with Advanced pNET Treated with Everoli-
mus. J Clin Endocrinol Metab 2011, 96, 3741–3749, doi:10.1210/jc.2011-
0666. 

134.  Pavel, M.E.; Baudin, E.; Öberg, K.E.; Hainsworth, J.D.; Voi, M.; Rouyrre, 
N.; Peeters, M.; Gross, D.J.; Yao, J.C. Efficacy of Everolimus plus Oc-
treotide LAR in Patients with Advanced Neuroendocrine Tumor and Car-
cinoid Syndrome: Final Overall Survival from the Randomized, Placebo-
Controlled Phase 3 RADIANT-2 Study. Ann Oncol 2017, 28, 1569–1575, 
doi:10.1093/annonc/mdx193. 

135.  Rogowski, W.; Wachuła, E.; Lewczuk, A.; Kolesińska-Ćwikła, A.; Iżycka-
Świeszewska, E.; Sulżyc-Bielicka, V.; Ćwikła, J.B. Baseline Chromogranin 
A and Its Dynamics Are Prognostic Markers in Gastroenteropancreatic Neu-
roendocrine Tumors. Future Oncol 2017, 13, 1069–1079, doi:10.2217/fon-
2016-0455. 

136.  Ekeblad, S.; Skogseid, B.; Dunder, K.; Öberg, K.; Eriksson, B. Prognostic 
Factors and Survival in 324 Patients with Pancreatic Endocrine Tumor 
Treated at a Single Institution. Clin Cancer Res 2008, 14, 7798–7803, 
doi:10.1158/1078-0432.CCR-08-0734. 

137.  Ter-Minassian, M.; Chan, J.A.; Hooshmand, S.M.; Brais, L.K.; Daskalova, 
A.; Heafield, R.; Buchanan, L.; Qian, Z.R.; Fuchs, C.S.; Lin, X.; et al. Clini-
cal Presentation, Recurrence, and Survival in Patients with Neuroendocrine 
Tumors: Results from a Prospective Institutional Database. Endocr. Relat. 
Cancer 2013, 20, 187–196, doi:10.1530/ERC-12-0340. 

138.  Pavel, M.E.; Broberg, P.; Caplin, M.; Ruszniewski, P.; Strosberg, J.; Santoro, 
P.; Ravasi, L.; Krenning, E. 1382PDRelation between Objective Tumour 
Shrinkage and Progression-Free Survival (PFS) in the NETTER-1 Popula-
tion. Ann Oncol 2019, 30, doi:10.1093/annonc/mdz256.002. 

139.  McGarrah, P.W.; Hobday, T.J.; Starr, J.S.; Kendi, A.T.; Graham, R.P.; 
Sonbol, M.B.; Halfdanarson, T.R. Efficacy of Somatostatin Analog (SSA) 
Monotherapy for Well-Differentiated Grade 3 (G3) Gastroenteropancreatic 
Neuroendocrine Tumors (NETs). JCO 2020, 38, 617–617, 
doi:10.1200/JCO.2020.38.4_suppl.617. 

140.  Lithgow, K.; Venkataraman, H.; Hughes, S.; Shah, H.; Kemp-Blake, J.; Vick-
rage, S.; Smith, S.; Humphries, S.; Elshafie, M.; Taniere, P.; et al. Well-Dif-
ferentiated Gastroenteropancreatic G3 NET: Findings from a Large Single 
Centre Cohort. Sci Rep 2021, 11, 17947, doi:10.1038/s41598-021-97247-x. 



 

 69

141.  Løitegård, T.; Berntzen, D.T.; Thiis-Evensen, E. The RECIST Criteria Com-
pared to Conventional Response Evaluation after Peptide Receptor Radionu-
clide Therapy in Patients with Neuroendocrine Neoplasms. Ann Nucl Med 
2019, 33, 147–152, doi:10.1007/s12149-018-1316-2. 

142.  Bennett, M.R.; Devarajan, P. Chapter 1 - Characteristics of an Ideal Bi-
omarker of Kidney Diseases. In Biomarkers of Kidney Disease; Edelstein, 
C.L., Ed.; Academic Press: San Diego, 2011; pp. 1–24 ISBN 978-0-12-
375672-5. 

143.  Harrell, F. Statistical Thinking - Statistically Efficient Ways to Quantify 
Added Predictive Value of New Measurements Available online: 
https://www.fharrell.com/post/addvalue/ (accessed on 2 June 2023). 

144.  Abou Jokh Casas, E.; Pubul Núñez, V.; Anido-Herranz, U.; Del Carmen Mal-
lón Araujo, M.; Del Carmen Pombo Pasín, M.; Garrido Pumar, M.; Cabezas 
Agrícola, J.M.; Cameselle-Teijeiro, J.M.; Hilal, A.; Ruibal Morell, Á. Evalu-
ation of 177Lu-Dotatate Treatment in Patients with Metastatic Neuroendo-
crine Tumors and Prognostic Factors. World J Gastroenterol 2020, 26, 1513–
1524, doi:10.3748/wjg.v26.i13.1513. 

145.  de Lima, B.A.M.; da Silva, R.G.; Carroll, C.; Vilhena, B.; Perez, C.; Felix, 
R.; Carneiro, M.; Neto, L.M.; Vaisman, F.; Corbo, R.; et al. Neutrophil to 
Lymphocyte Ratio as a Prognosis Biomarker of PRRT in NET Patients. En-
docrine 2022, 78, 177–185, doi:10.1007/s12020-022-03133-5. 

146.  Ohlendorf, F.; Werner, R.A.; Henkenberens, C.; Ross, T.L.; Christiansen, H.; 
Bengel, F.M.; Derlin, T. Predictive and Prognostic Impact of Blood-Based 
Inflammatory Biomarkers in Patients with Gastroenteropancreatic Neuroen-
docrine Tumors Commencing Peptide Receptor Radionuclide Therapy. Diag-
nostics (Basel) 2021, 11, 504, doi:10.3390/diagnostics11030504. 

147.  Black, J.R.M.; Atkinson, S.R.; Singh, A.; Evans, J.; Sharma, R. The Inflam-
mation-Based Index Can Predict Response and Improve Patient Selection in 
NETs Treated With PRRT: A Pilot Study. The Journal of Clinical Endocri-
nology & Metabolism 2019, 104, 285–292, doi:10.1210/jc.2018-01214. 

148.  Chen, L.; Gnanasegaran, G.; Mandair, D.; Toumpanakis, C.; Caplin, M.; Na-
valkissoor, S. Prognostic Stratification for Patients with Neuroendocrine Tu-
mours Receiving 177Lu-Dotatate. Endocr Relat Cancer 2022, 29, 111–120, 
doi:10.1530/ERC-21-0248. 

149.  Gupta, D.; Lis, C.G. Pretreatment Serum Albumin as a Predictor of Cancer 
Survival: A Systematic Review of the Epidemiological Literature. Nutr J 
2010, 9, 69, doi:10.1186/1475-2891-9-69. 

150.  Christina, N.M.; Tjahyanto, T.; Lie, J.G.; Santoso, T.A.; Albertus, H.; Octa-
vianus, D.; Putri, D.A.U.I.; Andrew, J.; Jatinugroho, Y.D.; Shiady, C.; et al. 
Hypoalbuminemia and Colorectal Cancer Patients: Any Correlation?: A Sys-
tematic Review and Meta-Analysis. Medicine (Baltimore) 2023, 102, e32938, 
doi:10.1097/MD.0000000000032938. 

151.  Murdock, J.L.; Duco, M.R.; Reeves, D.J. Tolerability of Highly Protein 
Bound Targeted Oral Oncolytic Drugs in Patients With Hypoalbuminemia: A 
Retrospective Analysis. Ann Pharmacother 2021, 55, 165–173, 
doi:10.1177/1060028020942485. 

152.  Seo, S.H.; Kim, S.-E.; Kang, Y.-K.; Ryoo, B.-Y.; Ryu, M.-H.; Jeong, J.H.; 
Kang, S.S.; Yang, M.; Lee, J.E.; Sung, M.-K. Association of Nutritional Sta-
tus-Related Indices and Chemotherapy-Induced Adverse Events in Gastric 
Cancer Patients. BMC Cancer 2016, 16, 900, doi:10.1186/s12885-016-2934-
5. 



 

 70 

153.  Sun, W.; Li, G.; Zhang, J.; Zhu, J.; Zhang, Z. The Role of Nutritional Assess-
ment for Predicting Radiotherapy-Induced Adverse Events in Patients with 
Gastric Cancer. Br J Radiol 2022, 95, 20201004, doi:10.1259/bjr.20201004. 

154.  Horwich, A.; Babjuk, M.; Bellmunt, J.; Bruins, H.M.; De Reijke, T.M.; De 
Santis, M.; Gillessen, S.; James, N.; Maclennan, S.; Palou, J.; et al. EAU–
ESMO Consensus Statements on the Management of Advanced and Variant 
Bladder Cancer—an International Collaborative Multi-Stakeholder Effort: 
Under the Auspices of the EAU and ESMO Guidelines Committees. Annals 
of Oncology 2019, 30, 1697–1727, doi:10.1093/annonc/mdz296. 

155.  Kelly, S.; Aalberg, J.; Agathis, A.; Phillips, K.; Haile, S.; Haines, K.; Kim, 
M.K.; Divino, C. Predicting Survival of Small Intestine Neuroendocrine Tu-
mors: Experience From a Major Referral Center. Pancreas 2019, 48, 514–
518, doi:10.1097/MPA.0000000000001296. 

156.  Clift, A.K.; Faiz, O.; Goldin, R.; Martin, J.; Wasan, H.; Liedke, M.-O.; 
Schloericke, E.; Malczewska, A.; Rindi, G.; Kidd, M.; et al. Predicting the 
Survival of Patients with Small Bowel Neuroendocrine Tumours: Compari-
son of 3 Systems. Endocr Connect 2017, 6, 71–81, doi:10.1530/EC-16-0114. 

 





Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations from
the Faculty of Medicine 2132

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-552492

ACTA UNIVERSITATIS
UPSALIENSIS

2025


	Abstract
	List of Papers
	Additional Publications by the author
	Contents
	Abbreviations
	Introduction
	Epidemiology
	Pathology
	Imaging
	Somatostatin receptor imaging (SRI)

	Symptoms
	Biomarkers
	Treatment
	Surgical and invasive procedures
	Somatostatin analogues (SSA)
	Peptide Receptor Radionuclide therapy (PRRT)
	Everolimus
	Interferon-alpha (IFNa)
	Tryptophan hydroxylase inhibitors
	Non-registered treatments
	SSTR-negative tumours
	Chemotherapy

	Prognostic markers
	Clinical parameters
	Baseline metastatic status
	Biomarkers
	Grade, Ki-67 and mitotic count
	Other predictive and prognostic markers

	Follow-up

	Aims
	Materials and Methods
	Patient characteristics
	Biochemical markers (Paper I)
	Ki-67 (Paper II)
	PHH3 mitotic index and Ki-67 proliferation index (Paper III)
	Inflammation scores (Paper IV)
	Statistical methods

	Results
	Paper I
	Paper II
	Paper III
	Paper IV

	Discussion
	Paper I and II
	Paper I
	Paper II
	Paper III
	Paper IV

	Major findings
	Future directions
	Sammanfattning på svenska
	Acknowledgments
	References



