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 Introduction 

 In 2009, the first consensus guidelines for the stan-
dards of care in neuroendocrine tumors (NET) have been 
published by the European Neuroendocrine Tumor Soci-
ety (ENETS) based on a consensus conference held in Pal-
ma de Mallorca, Spain in November 2007, with leading 
experts in the field  [1] . Since then, the landscape of treat-
ment options has changed. Novel targeted drugs, such as 
the mTOR inhibitor everolimus and the multiple tyrosine 
kinase inhibitor sunitinib, have been introduced in the 
treatment of NET and approved for distinct types of NET. 
Furthermore, with the first randomized trial on  177 Lu-
DOTATATE peptide receptor radionuclide therapy 
(PRRT) in midgut NET, not only is approval of this treat-
ment awaited but also its more widespread use. Tech-
niques and choices of radionuclides have changed over 
time as well as imaging tools. In the same period, the rec-
ognition of well-differentiated NET G3 within the group 
of neuroendocrine neoplasms G3 has widened the spec-
trum of chemotherapeutic drugs used in this field. Even 
more so, it has become important to provide recommen-
dations for daily clinical practice on how to safely use 
novel drugs, chemotherapeutic agents, and PRRT.

 Keywords 

 Neuroendocrine tumors · Standards of care · Safety 

 Abstract 

 The landscape of treatment options in neuroendocrine tu-
mors (NET) has changed in the last 5 years. Novel targeted 
drugs have been introduced and approved for distinct types 
of NET. Furthermore, with the first randomized trial on  177 Lu-
DOTATATE peptide receptor radionuclide therapy (PRRT) in 
midgut NET, not only is approval of this treatment awaited 
but also its more widespread use. Techniques and choices of 
radionuclides have changed over time as well as imaging 
tools. Recognition of well-differentiated NET G3 within the 
group of neuroendocrine neoplasms G3 has widened the 
spectrum of chemotherapeutic drugs used in this field. Even 
more so, it has become important to provide recommenda-
tions for daily clinical practice on how to safely use novel 
drugs, chemotherapeutic agents, and PRRT. The updated 
ENETS consensus guidelines for the standards of care in NET 
provide a tool to accurately assess the diagnosis of NET as 
well as practical recommendations for the use of surgery, 
and the different systemic therapeutic options that are avail-
able for the management of NET.  © 2017 S. Karger AG, Basel 
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  While recently updated and published consensus 
guidelines for the management of digestive NET  [2]  pro-
vide guidance for appropriate therapy selection, stan-
dards of care needed to be addressed for recently intro-
duced novel therapies and updated for established stan-
dard therapies. The same group of experts who developed 
the recent ENETS consensus guidelines update for the 
management of patients with digestive NET convened at 
a consensus meeting held in Antibes on November 5–6 in 
2015 to update technical and practical details necessary 
for implementing consensus guidelines.

  The consensus sessions covered the following topics: 
  • pathology – diagnosis and prognostic stratification
 • biochemical markers 
 • radiological, nuclear medicine and hybrid imaging
 • surgery for small intestinal and pancreatic NET
 • pre- and perioperative therapy
 • systemic therapy: biotherapy, novel targeted agents,

chemotherapy
 • PRRT with radiolabeled somatostatin analogues
 • follow-up and documentation in patients with NET

 Working Format 

 Fifty-five experts active in the field of NET from 22 
countries attended the Antibes consensus conference. 
Attendees were members of the ENETS advisory board 
including adjunct members and recognized US physi-
cians with high-level expertise in the field. The attend-
ees represented all medical specialties   involved in man-
aging patients with gastroenteropancreatic NET. They 
were assigned to different working groups according to 
the topics outlined above. The complete list of partici-
pants is provided at the end of each of the following pa-
pers.

  Eight working groups and their group leaders were de-
termined before the conference. The group leaders pre-
pared a first draft on standards of care in their field re-
viewing and integrating all relevant literature published 
beyond 2009. The draft manuscript was sent to all group 
members before the consensus conference and served as 
a structure for the discussion. On the first day of the meet-
ing after a short introduction and presentation of the top-
ic in a plenary session, each working group gathered sep-
arately to discuss group-specific questions. The group 
leaders presented the management to their breakout 
group members and the management was discussed in 
detail. On-site comments were collected continuously 
throughout the conference. Each working group gathered 

separately to discuss group-specific questions. The results 
of each working group were presented on the second day 
of the meeting to the general assembly where all partici-
pants attended. Consensus statements were discussed 
and approved or rejected by all participants gathered in 
the general assembly. This procedure was followed for all 
8 sessions.

  After the conference, the group leaders revised their 
manuscripts including all consensus statements and add-
ing additional information where requested before send-
ing the revised manuscripts to all participants of their 
breakout sessions for review. The Organizing Committee 
defined the rules to establish the design of each paper, the 
tasks for authors, and the general authorship policy. The 
papers were designed to update and amend the previous-
ly published ENETS standards of care guidelines, incor-
porating all novel information and approved consensus 
statements.

  Achievements and Final Remarks 

 The following 9 papers  [3–11]  are the result of an 
Advisory Board Consensus Conference meeting. These 
ENETS guidelines for the standards of care in NET pro-
vide a tool to accurately assess the diagnosis of NET and 
provide practical recommendations for the use of sur-
gery, and the different systemic therapeutic options that 
are available for the management of NET. A great effort 
was made by all participants devoting their time, experi-
ence and enthusiasm to building the standards of care 
consensus guidelines. We expect that this practical infor-
mation will provide useful and important information for 
health care providers and will support the endeavor to 
provide high-quality care for NET patients. We thank all 
participants for their efforts, contributions, and great 
dedication to construct these guidelines. 
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fication (2009) included NEN for the first time, widely adapt-
ing ENETS proposals but with some differences for NEC and 
for NET of the pancreas and the appendix. Therapy guide-
lines for gastroenteropancreatic NET were updated in 2016. 
The need for an update of the standards of care prompted 
the ENETS to organize a consensus conference which was 
held in Antibes in 2015; a working group was designated to 
propose pathological standards of care. 
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 Abstract 

 The European Neuroendocrine Tumor Society (ENETS) pro-
posed standard of care guidelines for pathology in 2009. 
Since then, profound changes in the classification have 
been made, dividing neuroendocrine neoplasia (NEN) into 
well-differentiated neuroendocrine tumors (NET) and poor-
ly differentiated neuroendocrine carcinomas (NEC) in the 
2010 WHO classification. The 7th edition of the TNM classi-

 Received: November 8, 2016 
 Accepted after revision: January 4, 2017 
 Published online: February 11, 2017 

 Aurel Perren 
 Institute of Pathology, University of Bern 
 Murtenstrasse 31 
 CH–3012 Bern (Switzerland) 
 E-Mail aurel.perren   @   pathology.unibe.ch 

 © 2017 S. Karger AG, Basel 

 www.karger.com/nen 

 Aurel Perren and Anne Couvelard contributed equally. 



 Diagnosis and Prognostic Stratification Neuroendocrinology 2017;105:196–200
DOI: 10.1159/000457956

197

 Introduction 

 The European Neuroendocrine Tumor Society (EN-
ETS) proposed standard of care guidelines for pathology 
in 2009  [1] . Since then, profound changes in the classifi-
cation have been made, dividing neuroendocrine neo-
plasia (NEN) into well-differentiated neuroendocrine 
tumors (NET) and poorly differentiated neuroendocrine 
carcinomas (NEC) in the 2010 WHO classification  [2] . 
The 7th edition of the TNM classification (2009) includ-
ed NEN for the first time, widely adapting ENETS pro-
posals but with some differences for NEC and for NET 
of the pancreas and the appendix  [3] . Therapy guidelines 
for gastroenteropancreatic NET have recently been up-
dated as well  [4] . The need for an update of the standards 
of care prompted the ENETS to organize a consensus 
conference which was held in Antibes in 2015; a working 
group was designated to propose pathological standards 
of care. 

  Gross Analysis and Processing of Tissues 

 Histopathological analysis of tissue specimens is the 
gold standard for the diagnosis of NEN. Conventional 
morphological analysis is completed by immunohisto-
chemistry, required to demonstrate the neuroendocrine 
phenotype and to evaluate the Ki-67 index. Samples can 
be obtained by endoscopy, but mini-biopsy is preferred 
to the classical fine-needle aspiration with smears only  [5, 
6] . Tissue specimens are gained by biopsy of a primary or
secondary tumor, by surgical resection or by endoscopic
resection. Tissues are fixed in formalin and embedded in
paraffin. Resection specimens require a detailed gross ex-
amination to select the proper regions for histological
analysis. Gross examination is also crucial to provide data 
for T and N staging and to select the regions to analyze
for establishing resection status.

  Diagnostic Standards 

 Neuroendocrine Phenotype 
  Table 1  summarizes the mandatory and optional im-

munohistochemical requirements for a histopathologi-
cal analysis of a NET biopsy. If by hematoxylin/eosin 
staining a neuroendocrine phenotype is suspected, im-
munohistochemical stainings for synaptophysin and 
chromogranin A are required to definitely confirm this 
hypothesis  [7] . Cytokeratin staining might be useful to 

confirm the epithelial nature of the tumor and to rule out 
paraganglioma. In well-differentiated NET, all tumor 
cells stain diffusely for synaptophysin because of the dif-
fuse presence of small clear vesicles. The expression of 
chromogranin A is usually more heterogeneous in the 
cytoplasm of tumor cells, since it depends on the pres-
ence of large neurosecretory granules. Rectal NET may 
frequently stain negative for chromogranin A with most 
monoclonal antibodies of current use. Otherwise, care 
must be taken in diagnosing well-differentiated NET 
without any chromogranin A expression; other entities, 
such as solid pseudopapillary neoplasia of the pancreas, 
acinar cell carcinoma or adrenocortical neoplasms, must 
be ruled out. In poorly differentiated NEC, however, 
chromogranin A may be lacking. Moreover, in some 
small cell NEC, synaptophysin may also be focal or ab-
sent. In such tumors, the diagnosis of “small cell neuro-
endocrine carcinoma” is a diagnosis of exclusion. The 
use of other so-called neuroendocrine markers such as 
neuron-specific enolase or N-CAM (CD56) is discour-
aged due to their low specificity  [8] . 

  Differentiation 
 According to the WHO classification, NEN are di-

vided into well-differentiated NET and poorly differen-
tiated NEC. Initially, the assumption was that all G1–G2 
tumors were well-differentiated and all G3 tumors were 
poorly differentiated. However, well-differentiated NET 
can rarely have proliferation indexes >20%, especially in 
the pancreas. These patients survive longer than patients 

 Table 1.  Mandatory and optional elements for assessing a biopsy 
specimen containing a tumor with features of a gastroenteropan-
creatic NEN

Mandatory
Morphology and differentiation on HE section
Immunostaining for neuroendocrine markers: synaptophysin

and chromogranin A
Immunostaining for proliferation marker: Ki-67/MIB1 

Optional
Immunostaining for hormones such as insulin, gastrin, serotonin 

and others: in the context of hormonal symptoms, liver 
metastases of an unknown primary or follow-up of a tumor 
with a hormonal syndrome

Immunostaining for transcription factors (TTF1, CDX2, Isl-1):
in the context of a carcinoma of unknown primary

Immunostaining for somatostatin receptor (i.e., SSTR2): if not 
available by in vivo technique such as SRS imaging

Immunostaining for vessel markers: to determine angioinvasion
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with poorly differentiated NEC  [9] , but shorter than pa-
tients with well differentiated NET. This new entity has 
by some been classified as well-differentiated NET G3 
 [10] . These well-differentiated NET with a high prolif-
eration index seem to be characterized by a regular net-
work of fine vessels, an organoid growth pattern without 
expansile growth and absence of geographic necrosis or
desmoplastic stroma. Well-differentiated morphology
correlates with a Ki-67 index range of 20–50%  [9–12] . 
Therefore, the exact Ki-67 index as well as differentia-
tion needs to be included into pathology reports. For
NEC, small cell and large cell morphology should be de-
scribed.

  Grading 
 Once the neuroendocrine nature of a tumor is dem-

onstrated, the proliferative activity has to be assessed 
using Ki-67 staining and performing a staining index. 
The percentage of positive tumor nuclei has to be as-
sessed and reported. Grading is performed as defined in 
WHO and UICC/AJCC classifications ( Table  2 ). The 
Ki-67 index seems to be more accurate and reproducible 
than mitotic count  [13, 14]  and is the only counting pos-
sible on biopsy samples. Therefore, the Ki-67 index is 
regarded as compulsory and mitotic count as optional. 
Grading can be performed on primary tumors as well as 
on metastases, but some heterogeneity exists between 
both and between different metastases  [15–17] ; the pro-
liferation index is often higher in metastases. If not 
enough material for hotspot selection and analysis of 
2,000 tumor cells is available, undergrading might occur 
 [18] ; this is occurring in EUS-obtained mini-biopsies  [5,
19] . Grading is not recommended on smears from fine-
needle aspiration, but reliability is increasing in mini-
biopsies, also gained by endoscopic procedures  [6] . The
risk of undergrading decreases between 200 and 2,000
cells examined  [19, 20]  and was minimal when >2,000
cells were counted  [20] . Finally, the amount of tissues
needed depends on the purpose of the analysis. Only a
limited number of cells is enough for discriminating
well-differentiated NET G1/G2 from poorly differenti-
ated NEC G3, but this might not be sufficient for an ac-
curate grading.

  Optional Diagnostic Markers 
 The use of optional or additional markers including 

hormones or transcription factors may be employed in 
the setting of neuroendocrine tumor metastases of an un-
known primary site: serotonin and CDX2 positivity are in 
favor of a primary of the small intestine, islet-1 (Isl-1) ex-

 Table 2. Grading of gastroenteropancreatic NEN

Grade Mitotic count, 10 HPF Ki-67 indexa, %

G1 ≤2 <3b

G2 2 – 20 3 – 20
G3 >20 >20

 HPF, high-power field = 2 cm2, at least 40 fields evaluated in 
areas at highest mitotic density. a MIB1 antibody; percent of
500 – 2,000 cells in areas of highest nuclear labeling. If less cells,
the number of assessed cells should be noted. b <3 could replace ≤2 
in the 2010 WHO classification in order to include decimal 
numbers between 2 and 3.

 Table 3. Minimum requirements of pathology reports, given for 
the example of pancreatic NET, according to CAP guidelines

Type of specimen excisional biopsy, partial pancreatectomy, 
Whipple resection, total pancreatectomy

Tumor site pancreatic head, body, tail, uncinate 
process

Tumor size in centimeters and 3 dimensions

Tumor focality unifocal, multifocal

Tumor functionality insulinoma, glucagonoma, 
somatostatinoma, gastrinoma,VIPoma, 
serotinin producing, other, nonfunctional

Histologic
differentiation

well-differentiated, poorly differentiateda

Proliferation rate Ki-67 index and optionally mitotic count

Tumor necrosis present, absent

Microscopic tumor
extension

confined to pancreas, invading 
peripancreatic soft tissue, invading other 
organs

Margins margins uninvolved by tumor, closest 
margin in centimeters, margins involved 
by tumor

Lymphovascular 
invasion

present, absent

Perineural invasion present, absent

TNM staging (UICC 
7th edition)

Lymph nodes number of lymph nodes examined, 
number of lymph nodes involved

Additional features

a Note that for poorly differentiated NEC the TNM system of 
adenocarcinomas of the pancreas is applied.
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pression is found in primaries of the pancreas and duo-
denum, and TTF1 in primaries of the lung and in medul-
lary thyroid carcinoma  [21] , the second together with cal-
citonin. All these markers are of no use in the setting of 
poorly differentiated NEC  [22] . 

  Immunohistochemical detection of somatostatin re-
ceptors (SSTR), especially SSTR2, is feasible and indicat-
ed in the absence of in vivo somatostatin imaging studies 
 [23, 24] . In the case of questionable vascular invasion, im-
munohistochemistry for endothelial cell markers such as 
CD34 or special stains for the visualization of vessel walls 
might be of help.

  Pathological Report 
  Table 3  summarizes the minimum requirements for 

pathological reports of resection specimens or biopsy 
specimens of NEN.

  Needs for Research 

 MGMT (O6-methylguanin-DNA methyltransferase) 
expression or methylation may serve as a predictive 
marker of a response to temozolomide-based chemother-
apy in PanNET. Clinical trials are on the way to address 
this issue. In the same regard, translational studies are 
needed to define biomarkers predicting response to other 
therapies such as targeted therapies or other chemothera-
peutic strategies. The new category of NET G3 needs to 
be better defined pathologically, possibly by the inclusion 
of molecular markers in order to have a more solid basis 
to define the therapeutic consequences of this tumor type. 
At last, increasing molecular evidence may suggest a 
grouping of NET according to mutational, expression or 
methylation profiles, but so far no therapeutic strategies 
are based on these findings. 

  Conclusions 

 The proposed standard procedures for diagnosing 
NEN should now follow the WHO and TNM classifica-
tion systems that are under revision. A standardized di-
agnosis is the basis for a standardized treatment as well as 
for studies to be comparable.
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secreting substances that caused hormone-related symp-
toms. Therefore, it was necessary to develop so-called “gen-
eral tumor markers.” The most important ones so far have 
been chromogranin A and neuron-specific enolase (NSE). 
Chromogranin A is the most important general biomarker 
for most NETs with a sensitivity and specificity somewhere 
between 60 and 90%. NSE has been a relevant biomarker for 
patients with high-grade tumors, particularly lung and gas-
trointestinal tract tumors. Serotonin and the breakdown 
product urinary 5-hydroxyindoleacetic acid (U-5-HIAA) is still 
an important marker for diagnosing and follow-up of SI 
NETs. Recently, 5-HIAA in plasma has been analyzed by high-
performance liquid chromatography and fluorometric de-
tection and has shown good agreement with U-5-HIAA anal-
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 Abstract 

 Biomarkers have been the mainstay in the diagnosis and fol-
low-up of patients with neuroendocrine tumors (NETs) over 
the last few decades. In the beginning, secretory products 
from a variety of subtypes of NETs were regarded as bio-
markers to follow during diagnosis and treatment: serotonin 
for small intestinal (SI) NETs, and gastrin and insulin for pan-
creatic NETs. However, it became evident that a large num-
ber of NETs were so-called nonfunctioning tumors without 
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ysis. In the future, we will see new tests including circulating 
tumor cells, circulating DNA and mRNA. Recently, a NET test 
has been developed analyzing gene transcripts in circulating 
blood. Preliminary data indicate high sensitivity and specific-
ity for NETs. However, its precise role has to be validated in 
prospective randomized controlled trials which are ongoing 
right now.   © 2017 S. Karger AG, Basel 

 Introduction 

 Over the years, a number of general and specific circu-
latory biomarkers ( Table 1 ) have been developed for the 
diagnosis and follow-up of patients with neuroendocrine 
tumors (NETs). The most important ones will be dis-
cussed in detail in the present paper. New biomarkers, 
such as circulating DNA, mRNA and circulating tumor 
cells, are currently under development; however, they are 
not ready for clinical routine use and have to be evaluated 
in prospective randomized trials.

  Small Intestinal NETs 

 NETs originating from the small intestine (midgut) 
may result in functional symptoms due to the secretion of 
various peptides and hormones and most notably 5-hy-
droxytryptamine or serotonin. This is a tryptophan-de-
rived biogenic amine involved in smooth muscle contrac-
tion, blood pressure regulation, and both peripheral and 
central nervous system neurotransmission. Approxi-
mately 2% of dietary tryptophan is converted into sero-
tonin. Serotonin is synthesized and stored in enterochro-
maffin cells of the gastrointestinal tract (80% of total body 
serotonin content), in dense granules of platelets (storage 
only), and in the serotoninergic neurons of the central 
nervous system. The urinary breakdown metabolite of se-
rotonin is urinary 5-hydroxyindoleacetic acid (U-5-
HIAA), which is particularly useful in the diagnosis and 
follow-up of NETs with carcinoid syndrome  [1–4] . Se-
rum measurements of serotonin are possible in these pa-
tients; however, large individual variations make them 
unreliable for diagnosis and in follow-up  [3] . Universally, 
U-5-HIAA is the most frequently performed assay in the 
clinical setting of the carcinoid syndrome. Serum 5-HIAA 
may represent a future tool for diagnosing and follow-up 
of small intestinal (SI) NETs with carcinoid syndrome. A 
couple of recent trials have demonstrated a good agree-
ment between measurements of U-5-HIAA and serum 

5-HIAA  [5–7] . Indeed, plasma and urine 5-HIAA dis-
played similar diagnostic sensitivities and specificities, 
warranting, however, further validation on larger patient 
populations. The carcinoid syndrome also has other me-
diators than serotonin, such as substance P and neuroki-
nin A (tachykinins).

  Performance of 5-HIAA in Diagnosis 

 The overall sensitivity and specificity of U-5-HIAA in 
the presence of the carcinoid syndrome is of the order of 
70 and 90%, respectively  [1, 2] . Midgut NETs are most li-
able to produce the carcinoid syndrome with U-5-HIAA 
elevation, thus attesting to a high specificity (>90%) in 
this setting. Foregut and hindgut NETs produce less se-
rotonin than midgut tumors  [1, 3] . U-5-HIAA levels may 
also depend on tumor volume and may be normal in pa-
tients with nonmetastatic tumors. Levels may be normal 
even in the presence of the carcinoid syndrome, particu-
larly in subjects without diarrhea; however, this is a rare 
event  [3] . In functional SI NETs, discriminating perfor-
mances may vary depending on whether the cutoffs are 
high or low. Meijer et al.  [1]  demonstrated that a low-
level U-5-HIAA cutoff value (2.8 mmol/mol creatinine) 
yielded 68% sensitivity and 89% specificity, whereas a 
higher cutoff (6.7 mmol/mol creatinine) improved speci-
ficity to 98% at the expense of a lower sensitivity (52%). 
Thus, in order to confidently exclude an SI NET, a low-
level cutoff value may be preferred; to confirm the pres-
ence of an SI NET, a high-level cutoff value is better. Some 
patients with the carcinoid syndrome excrete nonhy-
droxylated indole acids, not measured as U-5-HIAA. 
There appears to be an inconstant correlation between 
the U-5-HIAA level and the clinical severity of the carci-
noid syndrome; this may be related to a fluctuating re-
lease of serotonin from tumors, such that the correlation 
may not be reliable. The possibility of carcinoid syndrome 
associated with normal 5-HIAA levels could be explained 
by the presence of other circulating biologically active 
molecules, which may often be secreted or co-secreted in 
patients with lung and midgut NETs.

  Recent data have examined U-5-HIAA as a prognostic 
factor in these patients: while interesting data have 
emerged, the expert group felt that data have not con-
firmed U-5-HIAA levels to be a  consistently reliable  prog-
nostic   factor in this disease. To illustrate this, two studies 
including 256 and 139 patients with SI NETs showed that 
while elevated U-5-HIAA levels were predictive of poor 
outcome at univariate analysis, this did not remain sig-



 Biochemical Markers Neuroendocrinology 2017;105:201–211
DOI: 10.1159/000472254

203

nificant at multivariate analysis  [4, 8] . In another study 
examining 76 patients, those with persistent moderately 
increased U-5-HIAA levels ( ≤ 20 mmol/mol creatinine) 
had a more favorable outcome compared to those with 
greatly elevated levels  [9] . A further study in a mixed tu-
mor group including 119 patients (53 with SI NETs) in-
terestingly found high U-5-HIAA to be an independent 
survival factor  [10] . 

  Assays for 5-HIAA 

 While several assays are available to measure U-5-
HIAA (thin-layer chromatography, enzyme immunoas-
say, gas chromatography, and gas chromatography-mass 
spectrometry)  [11–14] , the use of high-performance liq-
uid chromatography (HPLC) is most frequently em-
ployed. HPLC with electrochemical detection is currently 
recommended; however, automated assays  [15]  or those 
using mass spectrometry  [14]  may be available in some 
laboratories. Liquid chromatography tandem mass spec-
trometry assay appears to be a rapid assay with little ne-
cessity for repeat analyses because of chromatographic 
interference or dilutions  [14] . A further automated meth-
od with on-line solid-phase extraction and HPLC and flu-
orometric detection has recently been shown to have in-

creased precision and faster throughput compared to the 
manual solvent extraction method  [16] . Whatever tech-
nique is used, it should be performed in accredited labo-
ratories. Serum 5-HIAA is analyzed by liquid chromatog-
raphy tandem mass spectrometry assay  [5–7] .

  Conditions for an Optimal Assay  

 Urine should be collected and measured in plastic con-
tainers. Acid should be added to ensure sterility and 
hence stability. The sample should be stored in a refrig-
erator until analysis. All the urine passed over 24 h should 
be collected into the container, preferably by using a mea-
suring jug. Collecting should be started at a defined time 
point following urination, and after that urine should be 
collected until the same time point the next day (a precise 
24-h collection). Written instructions should be handed
out including food and medication precautions ( Table 2 ). 

  Care in Interpreting U-5-HIAA Levels 

 Intraindividual variation of U-5-HIAA is also possi-
ble and this variation may be high; therefore, 2 consecu-
tive 24-h collections should be performed and the mean 

 Table 1. General and specific biomarkers currently used for the management of patients with neuroendocrine 
tumors

General tumor markers Related indications

Chromogranin A Almost all NETs (follow-up, limited in diagnosis)
Neuron-specific enolase Atypical carcinoids, lung NEC, microcytoma
Pancreatic polypetide Pancreatic NET
α-Subunit, β-hCG Pancreatic, lung NET

Specific tumor markers Related indications

Serotonin, 5-HIAA Well differentiated NET
Gastrin Zollinger-Ellison syndrome 
Insulinoma Insulin-secreting pancreatic NET
Glucagon, VIP, somatostatin Well differentiated pancreatic NET
Catecholamines Pheocromocytoma/paraganglioma
Calcitonin Medullary thyroid cancer and pancreatic NET
PTHrp, ACTH, CRH, GHRH Syndromes from (ectopic) mainly lung or pancreatic NET
NTpro-BPN (marker of ventricular dysfunction) Carcinoid syndrome (carcinoid heart disease)

 NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma; 5-HIAA, 5-hydroxyindolacetic acid; VIP, 
vasoactive intestinal peptide; PTHrp, parathormone-related peptide; ACTH, adrenocorticotropin hormone; 
CRH, corticotropin-releasing hormone; GHRH, growth hormone-releasing hormone; NTpro-BPN, N-terminal 
pro-brain natriuretic peptide.

https://www.gastroscan.ru/handbook/119/450
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value of these 2 can be taken, especially when the collec-
tion is required for diagnosis. A single specimen may be 
sufficient for follow-up purposes. Certain comorbidities 
or associated disorders may have effects on the concen-
tration of U-5-HIAA. Falsely low U-5-HIAA levels may 
be encountered in patients with renal impairment and 
those on hemodialysis. In addition, U-5-HIAA may be 
increased in untreated patients with malabsorption, who 
have increased urinary tryptophan metabolites. Such pa-
tients include those with gluten-sensitive enteropathy 
(celiac disease), tropical sprue, Whipple disease, intesti-
nal stasis, and cystic fibrosis (chronic intestinal obstruc-
tion)  [1, 17] ; plasma 5-hydroxytryptamine, but not U-
5-HIAA, has been elevated in diarrhea-predominant ir-
ritable bowel syndrome  [18] . A small number of normal 
individuals may have elevated U-5-HIAA and, therefore, 
other objective findings should be used in conjunction 
with tumor marker analysis to support the diagnosis of 
an SI NET  [19] . The following food substances are rich 
in dietary tryptophan and, therefore, patients should ab-
stain from these for 3 days prior to urinary collection: 
plums, pineapples, bananas, eggplants (aubergines), to-

matoes, avocados, and walnuts  [2, 20, 21] . Even certain 
medications may increase or decrease U-5-HIAA levels 
( Table 2 ).

  Patients are frequently treated with somatostatin ana-
logues and these are known to decrease levels of U-5-
HIAA; where possible, assays for diagnostic purposes 
should be made in patients not on somatostatin ana-
logues, while in the follow-up setting, comparisons should 
be performed in patients on stable or comparable doses. 
Recently, significantly elevated levels of U-5-HIAA have 
been confirmed as a negative predictor for overall sur-
vival, except when considered with other biomarkers and 
grading, suggesting its use to assess carcinoid syndrome 
without having a prognostic value  [22] . 

  Pancreatic NETs 

 Insulinoma: 72-h Fast 
 NETs secreting insulin are termed insulinomas and 

are almost exclusively intrapancreatic in nature. Exces-
sive insulin secretion leading to hypoglycemia usually re-
sults in a combination of neurologic (diplopia, blurred 
vision, confusion, abnormal behavior and amnesia, sei-
zures, coma, etc.) and autonomic (sweating, weakness, 
hunger, tremor, nausea, feelings of warmth, anxiety, pal-
pitations) symptoms. Such symptoms are usually related 
to the degree of insulin-induced hypoglycemia, but may 
be nonspecific. Hypoglycemia-induced clinical signs are 
classically present in the early morning preprandial 
phase or may be exercise-induced. The diagnosis is sug-
gested in the presence of: (1) symptoms of hypoglycemia; 
(2) glucose <2.2 mmol/L (40 mg/dL; others use a thresh-
old of <3 mmol/L, 55 mg/dL); and (3) relief of symptoms 
with administration of glucose  [23] . This is known as the 
Whipple triad. The 72-h fast is the gold standard for di-
agnosing insulinoma and relates to the integrity of the 
patient’s endogenous suppression of insulin in the face 
of hypoglycemia. The fast attests to autonomous insulin 
secretion and the failure of appropriate insulin suppres-
sion in the presence of hypoglycemia. Factitious hypo-
glycemia secondary to the exogenous use of insulin is 
suspected on the finding of high (often very high) serum 
insulin in combination with suppression of C-peptide. 
Sulfonylureas and related insulin secretagogues result in 
a clinical picture similar to patients with insulinoma and 
may be diagnosed by a positive drug screen  [24] . An 
overall approach to diagnosing and managing insulino-
ma has been provided elsewhere in another consensus 
statement  [25] . 

 Table 2. Factors interfering with measurements of urinary 
5-hydroxyindole acetic acid

Foods Drugs

Factors producing false-positive results
Avocado Acetaminophen
Banana Acetanilide
Chocolate Caffeine
Coffee Fluorouracil
Eggplant (aubergine) Guaifenesin
Pecan L-DOPA
Pineapple Melphalan
Plum Mephenesin
Tea Metamphetamine
Walnuts Methocarbamol

Methysergide maleate
Phenmetrazine
Reserpine
Salycylates

Factors producing false-negative results
None Corticotropin

p-chlorophenylalanine
Chlorpromazine
Heparin
Imipramine
Isoniazid
Methenamine maleate
Methyldopa
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  Supervised 72-h Fast 
 This test has been verified as the gold standard in estab-

lishing a biochemical diagnosis of insulinoma  [26] . Pa-
tients should be hospitalized in a specialist unit experi-
enced in performing the test. A 72-h period is universally 
recognized as the most appropriate duration  [25] , although 
some groups have proposed a shorter fast of 48 h  [27, 28] . 
Symptoms appear within 12 h for one-third of patients, 
within 24 h for 80%, within 48 h for 90%, and within 72 h 
for nearly 100%  [29] . Absolute values of glucose and insu-
lin are the most important variables and any measurable 
insulin is abnormal when blood glucose drops to 2.5 mol/L 
(45 mg/dL). Assays used for the determination of insulin, 
proinsulin, C-peptide and β-hydroxybutyrate may vary 
but should be performed in accredited laboratories. Very 
occasionally, an insulinoma is only revealed by hypoglyce-
mia induced by a mixed meal rather than fasting. 

  Patient Information Scheme 
 A detailed description of the fast should be provided 

to all patients with an information card to help in symp-
tom identification. Patients should stay off all foods, ex-
cept for plain water, black tea or coffee, and essential 
medications (particularly hypoglycemic agents; e.g., sul-
fonylureas).

  Procedure 
 The timing of the 72-h fast is not critical – some teams 

prefer to perform the test early in the week when staffing 
levels may be higher, thus avoiding prolonging the test 
into the weekend. An oral glucose tolerance or mixed 
meal test can be performed before the fast. The patient 
should be monitored in a supervised environment and 
fasting should be accompanied by an intravenous line.
  – Absolute blood (venous) determinations should be 

performed at least 2–4 times per day and when the pa-
tient describes symptoms. The test interpretation 
should be made using laboratory blood glucose assays; 
bedside measurements can be used in the presence of 
clinical symptoms to determine if more definitive 
measurements should be made.  

 – Blood should also be drawn for insulin measurement 
concurrently with glucose estimations, and assay for 
insulin and C-peptide when hypoglycemia is con-
firmed.  

 – β-Hydroxybutyrate (or urinary ketones) should be 
measured at the end of the test in order to confirm the 
validity of the fast. A low level of hydroxybutyrate in 
the presence of hypoglycemia confirms inappropriate 
insulin or insulin-like hormone secretion.  

 – A urinary assay for sulfonylureas should be performed 
as a specific request: 
 • Not all drugs are detected, e.g., repaglinide  [24] ; 

false-positive results may also occur; e.g., on 
paracetamol.  

 • The results need to be confirmed with the local lab-
oratory. 

 Definition of Hypoglycemia 
 The endpoint of the test is documented hypoglycemia: 

  – Documented blood glucose levels 2.2 mmol/L (/40 
mg/dL; according to some <3 nmol/L, 55 mg/dL; levels 
may depend on age and sex). 

 – Concomitant insulin levels >6 μU/L ( ≥ 36 pmol/L;  ≥ 3 
μU/L by ICMA). 

 – A β-hydroxybutyrate level –2.7 mmol/L can be used as 
a surrogate marker to confirm the validity of the fast 
and inappropriate insulin suppression.  

 – A glucagon test immediately after 72-h fasting in pa-
tients without definite results has also been recom-
mended. 

 – Exercise test immediately after 72-h fasting in patients 
without definitive results may be performed in a su-
pervised setting. 

 – Use of a ratio of insulin to glucose to aid in the diag-
nosis is not recommended. 

 Gastrinoma (Zollinger-Ellison Syndrome) 

 Standards for the Diagnosis of a Gastrinoma: Secretin 
Test 
 The diagnosis of the Zollinger-Ellison syndrome (ZES) 

can be established by the demonstration of elevated fast-
ing serum gastrin (FSG) in the presence of low gastric pH. 
FSG alone is not adequate to make the diagnosis of ZES 
because hypergastrinemia can be seen in patients with 
hypo- or achlorhydria associated with chronic atrophic 
fundus gastritis (e.g., pernicious anemia) and in other 
conditions with hyperchlorhydria (e.g.,  Helicobacter py-
lori  infection, gastric outlet obstruction, renal failure, an-
tral G-cell syndromes, short bowel syndrome, and re-
tained antrum). In addition, the use of chronic proton 
pump inhibitors (PPIs) leads to high FSG levels and, 
therefore, gastrin provocative tests are needed to establish 
the diagnosis of ZES. Indeed, in a recent prospective anal-
ysis, up to two-thirds of gastrinoma patients were found 
to have FSG values being <10-fold normal  [30] . The gold 
standard is the secretin test  [30–34] . This hormone, when 
given intravenously, provokes an increase in serum gas-

https://www.gastroscan.ru/patient/disease/zes/
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trin and, secondarily, in gastric acid secretion. The most 
reliable data concerning the secretin test have emanated 
from the National Institutes of Health (NIH) studies in 
patients with sporadic and multiple endocrine neoplasia 
type 1-associated gastrinomas  [30–34] . Consensus guide-
lines have described the criteria used for establishing the 
diagnosis of gastrinoma  [33] ; however, according to the 
expert committee, acid output studies are available to 
only a limited number of groups (including those expert 
groups). For the NIH group, the secretin test was useful 
in diagnosing ZES regardless of the extent or locations of 
the tumor, the presence or absence of multiple endocrine 
neoplasia type 1 or the level of FSG (less than or greater 
than 1,000 pg/mL)  [31] . In patients with fasting gastrin 
<1,000 pg/mL, the sensitivity of the secretin test using the 
criterion delta (increase from a prestimulation level) gas-
trin of  ≥ 110 pg/mL was 93% (95% CI, 76–99) and for a 
delta gastrin of 200 pg/mL, sensitivity was 85% (95% CI, 
66–96) ( p  > 0.05)  [31] . The same group recently reported 
their prospective experience with gastrin provocative 
tests in 293 ZES patients from the NIH and compared 
them with 537 ZES patients from the literature and 462 
non-ZES patients (again from the literature)  [33] . This 
group established a delta gastrin of  ≥ 120 pg/mL in pa-
tients with a <10-fold increase as having the highest sen-
sitivity and specificity (94 and 100%, respectively)  [33] . 
They also demonstrated the clear superiority of the secre-
tin provocation test compared to the calcium test (94 vs. 
62%). However, in ZES patients with a negative secretin 
test, the calcium provocation test may be helpful  [33] . The 
expert group noted that certain groups had difficulty in 
obtaining secretin, hindering accurate diagnosis. 

  Indications for Gastrin Provocative Tests: Secretin 
Test 

 – The secretin test is performed to confirm a biochemi-
cal diagnosis of gastrinoma. The test may be repeated
during the follow-up after curative surgery. FSG
should be performed prior to the secretin test; if FSG
>1,000 pg/mL, a secretin test is not necessary. When
FSG lies between 200 and 1,000 pg/mL, a secretin test
should be performed.

 – The following conditions should also be documented:
 • Absence of fundic atrophic gastritis:

 – Antral and fundic biopsies (± serology for anti-
parietal and intrinsic factor antibodies)

 – 24-h pH-metry (loss of diurnal pH course); basal
acid output is recommended before and after se-
cretin where possible; BAO >15 mmol/h is highly
suggestive of diagnosis of ZES; a random pH anal-

ysis during upper gastrointestinal endoscopy was 
also suggested (this requires further evaluation) 

 –  Helicobacter pylori  testing 
 • Other conditions leading to high FSG should be

considered including gastric outlet obstruction, re-
nal failure, antral G-cell syndromes, short bowel
syndrome, and retained gastric antrum.

 • Treatment with PPIs interferes with basal FSG, as
well as the secretin test  [35] . 

 Preparation for Secretin Test 
 – If possible, PPIs should be interrupted 10 days to 2

weeks prior to the test (PPIs for 2 weeks can be re-
placed by H 2  blockers); interruption of H 2  blockers for
approximately 48 h prior to the test; however, inter-
ruption of all antisecretory medications should be in-
dividually adapted and patients should be warned of
reapparition of symptoms and should have sufficient
antisecretory medications to start should they become
symptomatic; certain patients may have to be hospital-
ized during antisecretory therapy withdrawal.

 – Heparinized vacutainers are used and should be la-
beled and placed in ice.

 Secretin Test
 – Patient fasting overnight, for 12–14 h
 – Site indwelling intravenous cannula
 – Kabi-secretin (2 U/kg body weight) is given by intra-

venous bolus
 – Serum gastrin:

 • Baseline measured at –15 and –1 min before the test 
 • 2, 5, 10, 15, 20, and 30 min after secretin

 – Samples stored on ice ( immediate  transfer to labora-
tory)
 Possible side effects of the secretin test include flush

and an allergic reaction.

  Interpretation of Results 
 – Delta gastrin of at least 200 pg/mL any time during the

test is considered as positive.
 – The NIH has recently published a delta gastrin of  ≥ 120 

pg/mL as having a high sensitivity and specificity (94
and 100%, respectively)  [33] . 

 General Biomarkers for NETs 

 Serum Chromogranin A 
 Chromogranin A (CgA) is an acid glycoprotein with 

439 amino acids that is present in the secretory dense core 

https://www.gastroscan.ru/physician/ph-metry-long/
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granules of most neuroendocrine cells  [36] . The chromo-
granin family consists of at least 3 different water-soluble 
acidic glycoproteins (CgA, CgB, and secretogranin II, 
sometimes called chromogranin C). Upon stimulation, 
CgA and other peptide hormones and neuropeptides are 
released. CgA is also secreted from neuroendocrine-de-
rived tumors including foregut, midgut and hindgut gas-
trointestinal NETs, pheochromocytomas, neuroblasto-
mas, medullary thyroid carcinomas, some pituitary tu-
mors, functioning and nonfunctioning pancreatic NETs, 
and other amine precursor uptake and decarboxylation 
tumors. CgA has also been widely used as an immunohis-
tochemical marker in NETs  [37]  and is recognized as the 
most effective. CgA has been recognized as a general se-
rum marker, as it is co-secreted in tumors with the amines 
and peptides that are present in the neurosecretory gran-
ules  [38]  and can be elevated in both functionally active 
and nonfunctional NETs. Specificity of elevated CgA is 
related to tumor type and is almost universally elevated 
in patients with gastrinoma  [39–41] ; it is often high in 
NETs of midgut origin and in nonfunctioning pancreatic 
NETs. Differences in tumor cell type, histological differ-
entiation and tumor volume may influence the level of 
CgA and interpretation may also depend on the assay 
used in measurement.

  Reliability of CgA in Patients with NETs 
 Overall, CgA has been found to be clinically informa-

tive and moderately sensitive in the majority of studies 
devoted to this topic. CgA was found to be more sensitive 
than neuron-specific enolase (NSE) in all subgroups of a 
large mixed NET patient cohort ( n  = 128)  [42] . While 
performances have been limited in low-level cutoffs due 
to the overlap with control populations, very high levels 
of serum CgA are rarely found outside the setting of NETs 
with the exception of patients on gastric acid secretory 
blockers, especially PPIs  [43]  or those with hypergastrin-
emia. Specificity of CgA in the diagnosis of NETs depends 
on the tumor type and burden (100% specificities have 
been reported in patients with metastatic disease  [44–
47] ), the quality of the control populations used and the 
cutoff values employed  [40, 48] . Elevated CgA was found 
to be more sensitive than high U-5-HIAA levels in pa-
tients with metastatic midgut lesions (87 vs. 76%, respec-
tively)  [4] . Nobels et al.  [39]  demonstrated a significant 
positive relation between the serum levels of CgA and the 
tumor mass in NETs; however, the distinction between 
high and low tumor volume may be open to question. 
This study also confirmed tissue specificities as high CgA 
concentrations were found in all patients with gastrino-

ma, although small in size and tumor volume  [39] . In a 
mixed series of 128 patients with NETs, increased CgA 
levels were found in 29 and 67% of patients with locore-
gional or metastatic disease, respectively  [42] . A prognos-
tic value of CgA in patients with NET has not been re-
ported in several studies  [4, 49, 50] .

  False-Positive Elevation of CgA May Occur in the 
Following Circumstances 

 – Impaired renal function  [51, 52]  
 – Parkinson disease, untreated hypertension and preg-

nancy 
 – Steroid treatment or glucocorticoid excess, which can 

lead to upregulation of CgA mRNA  [53, 54]  
 – Chronic atrophic gastritis (type A)  [55]  
 – Treatment with antisecretory medications, especially 

PPIs  [43]  
 Chronic elevation of gastrin levels provokes hyperpla-

sia of the neuroendocrine cells of the stomach and these 
cells are able to secrete CgA  [56] . In patients with chron-
ically elevated CgA and ZES, it was demonstrated that the 
CgA concentrations can be normalized by gastrectomy 
alone, without resection of the gastrin-producing tumor 
 [57] . A more recently described case report of false-posi-
tive CgA was due to the presence of heterophile antibod-
ies (HAb), which can bind to animal antigens and may be 
present in up to 40% of the normal population  [58] ; in the 
CgA immunometric assays, HAb interferences may be 
circumnavigated by using an HAb-blocking tube  [59] .

  Assays for CgA 
 A recognized international standard for CgA assay is 

not available and variations in assay types may influence 
results. Several assays for measurements of intact CgA 
and cleavage products have been developed  [38, 60] . The 
complexity of assays is explained by the presence of sev-
eral CgA-related peptides from human and other species 
 [61]  and CgA processing varies according to neuroendo-
crine cells/tissues  [62, 63] . A competitive radioimmuno-
assay can detect circulating CgA, with the use of purified 
full-length human CgA  [45, 64] . Commercial CgA kits 
differ in the types of antibodies used (monoclonal vs. 
polyclonal) and include enzyme detection (ELISA) and 
radioimmunoassay. Differences in methods of standard-
ization have also led to heterogeneity. Generally, mea-
surement of intact CgA in plasma has greater sensitivity 
for the diagnosis of NETs than the measurement of frag-
ments  [38, 65] . Stridsberg et al.  [48]  compared the 3 com-
mercially available kits in a group of NET patients and 
found sensitivities to vary between 67 and 93%, while 
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specificities were >85% for all 3. A recent multicenter pro-
spective comparison between 2 methods, immunoradio-
metric and ELISA, found a 36% clinical discordance rate 
 [66] . These results were mirrored with a difference of 
5-fold interlaboratory variation rate in a recent Italian 
study aimed at assessing CgA detection performance as 
applied to immunoradiometric and ELISA assays  [67] . A 
further prospective analysis underlined that CgA is a 
practical marker in patients with NETs, however, with 
limited diagnostic power; using ROC curves, a cutoff of 
53 ng/mL for IRMA and 16 U/L for ELISA for discrimi-
nating between healthy controls and NET patients yield-
ed only moderate sensitivities (71.3 and 83%, respective-
ly) and specificities (71 and 85%, respectively)  [47] . 

  General Remarks on CgA 
 – CgA is the most practical and useful general serum tu-

mor marker in patients with NETs. 
 – Elevated CgA can occur in normal individuals and in 

patients with non-NETs although the levels are usu-
ally lower than in patients with NETs.  

 – Sensitivity of elevated CgA varies according to NET 
tumor type and volume. 

 CgA Assays and Interpretation  
 – Reference laboratories should be preferred for clinical 

samples assays. 
 – Reference intervals and individual patient results dif-

fer significantly between different CgA assays and can-
not be directly compared. 

 – Serial measurements should be performed using the 
same assay. 

 – If assays are changed, patients should undergo a new 
baseline measurement. 

 – False-positive results are possible in patients with hy-
pergastrinemia (especially on antisecretory medica-
tions or chronic atrophic gastritis type A) and in the 
presence of HAbs (care in patients with autoimmune 
diseases or those sensitized to rodent proteins (mouse 
monoclonal antibodies). 

 – Where possible, PPIs should be interrupted, leaving a 
clearance of at least 3 half-lives, prior to CgA plasma 
sampling. 

 Other and Emerging Biomarkers in Clinical Use 

 Serum NSE is considered a tumor marker in NETs  [39, 
68]  and is elevated in 30–50% of the patients, particularly 
in those with high-grade tumors (poorly differentiated 

tumors). The prognostic role of NSE as a biomarker has 
been evaluated as well  [69, 70] . Pro-gastrin-releasing pep-
tide has demonstrated clinical benefit in atypical lung car-
cinoids and other high-grade lung NETs  [68, 71] .

  Pancreastatin (a part of the CgA molecule) is a good 
marker for gastrointestinal NETs. It has been claimed to 
be better than CgA; however, there are only few assays 
available, mainly for preclinical routine use  [72] . 

  Neurokinin A has been suggested to be a good/reliable 
marker in SI NET  [73, 74] .

  In functional tumors, measurements of specific hor-
mones or other biomarkers can be useful. ACTH and cor-
tisol are assessed for the diagnosis and monitoring of 
NET-associated ectopic Cushing syndrome, whereas 
PTHrp for hypercalcemia associated with PTHrp-secret-
ing NETs  [75] .

  NT-proBNP is a valid marker in the clinical evaluation 
of carcinoid heart disease  [76] .

  Blood measurements of neuroendocrine gene tran-
scripts have demonstrated significant diagnostic and 
prognostic potential in recent studies (NET-test). The 
precise role of these analyses has to be expected in future 
prospective trials  [77–79] .

  Finally, circulating tumor cells is another new tool for 
diagnosing and follow-up of NET patients  [80] . However, 
it also needs to be evaluated in prospective trials.
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 Abstract 

 Contrast-enhanced computed tomography (CT) of the neck-
thorax-abdomen and pelvis, including 3-phase examination 
of the liver, constitutes the basic imaging for primary neuro-
endocrine tumor (NET) diagnosis, staging, surveillance, and 
therapy monitoring. CT characterization of lymph nodes is 
difficult because of inadequate size criteria (short axis diam-
eter), and bone metastases are often missed. Contrast-en-
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hanced magnetic resonance imaging (MRI) including diffu-
sion-weighted imaging is preferred for the examination of 
the liver, pancreas, brain and bone. MRI may miss small lung 
metastases. MRI is less well suited than CT for the examina-
tion of extended body areas because of the longer examina-
tion procedure. Ultrasonography (US) frequently provides 
the initial diagnosis of liver metastases and contrast-en-
hanced US is excellent to characterize liver lesions that re-
main equivocal on CT/MRI. US is the method of choice to 
guide the biopsy needle for the histopathological NET diag-
nosis. US cannot visualize thoracic NET lesions for which CT-
guided biopsy therefore is used. Endocopic US is the most 
sensitive method to diagnose pancreatic NETs, and addition-
ally allows for biopsy. Intraoperative US facilitates lesion de-
tection in the pancreas and liver. Somatostatin receptor im-
aging should be a part of the tumor staging, preoperative 
imaging and restaging, for which  68 Ga-DOTA-somatostatin 
analog PET/CT is recommended, which is vastly superior to 
somatostatin receptor scintigraphy, and facilitates the diag-
nosis of most types of NET lesions, for example lymph node 
metastases, bone metastases, liver metastases, peritoneal le-
sions, and primary small intestinal NETs.  18 FDG-PET/CT is bet-
ter suited for G3 and high G2 NETs, which generally have 
higher glucose metabolism and less somatostatin receptor 
expression than low-grade NETs, and additionally provides 
prognostic information.  © 2017 S. Karger AG, Basel 

 Introduction 

 The vast majority of neuroendocrine tumors (NETs) 
are well differentiated and slow-growing with only a mi-
nority showing a clinically aggressive behavior. NETs can 
produce a variety of metabolically active substances (hor-
mones and amines) leading to distinct clinical syndromes 
(functioning tumors). However, the majority are non-
functioning and present either with locally advanced dis-
ease, giving rise to site-specific symptoms, or distant me-
tastases, mainly to the liver.

  These various distinct features in tumor growth, secre-
tory capacity and anatomical localization are reflected in 
the wide variation in the clinical presentation of different 
NETs. Consequently, the need for diagnostic procedures 
and the choice of imaging methods varies considerably de-
pending on the patient’s tumor status at presentation. The 
various imaging aspects to consider in the choice of radio-
logical and nuclear medicine imaging methods are related 
to primary tumor detection, evaluation of its local extent 
and relation to adjacent anatomical structures, staging of 

the tumor concerning regional and distant metastases, 
evaluation of tumor somatostatin receptor density, thera-
py monitoring, and detection of recurrent disease.

  Materials and Methods 

 This is an update of the first ENETS Consensus Guidelines for 
the Standards of Care in Neuroendocrine Tumors: radiological ex-
aminations  [1]  and receptor imaging with  111 In-pentetreotide  [2]  
and a fusion of the two papers into one publication comprising 
radiological and nuclear medicine imaging. This reflects the rap-
idly increasing and complementary role of hybrid imaging tech-
niques whereby computed tomography (CT) is performed togeth-
er with nuclear medicine procedures. Current positron emission 
tomography (PET) and single photon emission computed tomog-
raphy (SPECT) systems generally include a CT scanner, which al-
lows a fully diagnostic CT to be acquired and fused as PET/CT or 
SPECT/CT images.

  The participants of the ENETS scientific advisory board work-
ing group, which also included members of the European Associa-
tion of Nuclear Medicine (EANM) and the European Society of 
Radiology (ESR), considered the use of radiological and nuclear 
medicine imaging methods for the various NET imaging applica-
tions in relation to published literature on imaging efficacy togeth-
er with the expertise of the participants and taking the availability 
of the various modalities into account. Further aspects considered 
were patient preparation and information, clinical information 
needed to optimize imaging technique and image interpretation, 
examination protocols, reporting of image findings and radiation 
dose to the patient.

  Comparisons of results in the NET imaging literature were 
hampered by variable reporting of results and differing patient 
populations. With imaging sensitivity, which is calculated with ref-
erence to a putative gold standard such as pathology, this is often 
not feasible in patients with widely metastatic disease. Therefore, 
many studies have resorted to reporting the lesion detection rate, 
which merely states the proportion of patients with disease that is 
detected by the imaging method out of all examined subjects. 
Comparisons between studies may also be difficult because imag-
ing results are sometimes based on a patient-by-patient analysis, 
whereas others show lesion-by-lesion-based results.

  Studies were only considered for reference when they used cur-
rent standards of imaging. Thus, nonspiral (nonhelical) CT stud-
ies, trials on CT without adequate contrast enhancement, and 
magnetic resonance imaging (MRI) studies that utilized low field 
strength (<0.5 T) were excluded as well as studies using stand-
alone SPECT and stand-alone PET (nonhybrid imaging).

  Results 

 Computed Tomography 
 Spiral (helical) CT has been the standard technique for 

many years and modern multidetector CT (MDCT) scan-
ners are now available in the radiology departments. By 
utilizing a large number of parallel detector rows and an 
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X-ray tube rotation time of 0.3–0.5 s, hundreds of  ≤ 1-mm 
transversal images are acquired per second and the whole 
abdomen and thorax may be examined during one breath-
hold. These thin, detailed images may be reformatted in
any chosen anatomical plane, usually in the transverse,
coronal and sagittal views, so-called multiplanar recon-
structed images (MPRs). The thin images also allow re-
construction in 3-dimensional (3D) volumes that can be
rotated to appreciate anatomy and pathological findings
better. Importantly, the fast MDCT technique allows the
use of intravenous contrast media with acquisition in sev-
eral contrast enhancement phases. MDCT has therefore
developed as one of the central techniques for oncological 
imaging including NETs.

  A recent development is the simultaneous detection of 
X-rays with different energy, so-called dual-energy CT,
whereby either 2 X-ray tubes are used simultaneously
at different tube potential (typically 80 and 140 kV) or 1
X-ray tube switches between 2 different tube tensions dur-
ing scanning. The X-ray attenuation of a tissue depends
on the tube tension during scanning. The attenuation dif-
ference at the high and low tube tension, respectively, is
larger for a high-attenuation tissue than for a low-attenu-
ation tissue. A low X-ray tube tension may be applied to
better utilize iodine (with high attenuation)-based con-
trast media, to yield better contrast enhancement at the
same contrast medium (CM) dose and/or to achieve the
same contrast enhancement at a lower dose. Simultaneous 
high and low X-ray tube tension at scanning during intra-
venous contrast enhancement also allows for postprocess-
ing, whereby the CM may be subtracted to achieve “vir-
tual precontrast images.” Dual-energy CT is currently also 
investigated for its role in tissue characterization.

  Sensitivity, Specificity and Detection Rate 
 The CT-acquired sensitivity, specificity and detection 

rate (mean and range based on the number of patients and 
studies) for various NETs is presented in  Table  1 . The 
number of dedicated spiral CT and MDCT studies is lim-
ited; therefore, CT imaging results from comparative so-
matostatin receptor imaging trials (scintigraphy and PET) 
are included in the present data. The sensitivity and speci-
ficity for CT to detect patients with NET are 61–93 and 
71–100%, respectively; and the lesion-based sensitivity and 
specificity are 77–85 and 71–85%, respectively  [3–6] . For 
CT diagnosis of a pancreatic NET (pNET), the lesion de-
tection rates range from 69 to 94%  [7–9]  and 67% sensitiv-
ity was reported in one study  [10]  and 96% in another in-
cluding patients with von Hippel-Lindau disease  [11] . CT 
sensitivity for NET liver metastases ranges from 75 to 100% 
 [3, 12–15]  and specificity from 83 to 100%  [10, 12, 14, 15] .

  Notably, one study used a different methodology and 
compared thin slice histopathology after hemihepatecto-
my correlated with the imaging results; the group report-
ed a CT detection rate of 21% for the 1- to 70-mm liver 
metastases  [16] . Interestingly, the results for MRI and 
contrast-enhanced ultrasonography (US) were also poor 
with a 33 and 22% lesion detection rate, respectively. This 
emphasizes the limitations of reporting sensitivity in a 
disease where there is likely to be micrometastases below 
the level of detection by the current imaging techniques. 
Thus, any report of diagnostic accuracy is highly depen-
dent on the comparator used.

  For lymph node metastases, CT shows 60–70% sensi-
tivity and 87–100% specificity  [13, 15, 17] . For other soft 
tissue metastases, a 62–67% sensitivity and 98–100% 
specificity has been reported for CT  [3, 12, 14] . CT sensi-

 Table 1.  CT diagnosis of NETs

Type of NET Mean 
sensitivity

Mean 
specificity

Mean 
detection rate

Patients/
studies

Ref.

NET disease 82 (77–85) 86 (71–85) 253/4 3–6
Pancreatic NET 82 (67–96) 96 119/2 10–11
Liver metastases 79 (73–94) 79/3 7–9

84 (75–100) 92 (83–100) 342/5 3, 12–15
Extrahepatic abdominal soft tissue metastases 70 (60–100) 96 (87–100) 451/6 3, 12–15, 17
Bone metastases 61 (46–80) 99 (98–100) 337/3 3, 18,19
CT enteroclysis for small intestinal NETs 50 25 8/1 20

85 97 219/1a 21

 Data in the literature on the sensitivity, specificity and detection rate for NET diagnosis by CT. Figures are percentages with ranges 
in parentheses unless indicated otherwise. a Out of 219 patients included in the study, there were 19 subjects with small intestinal NETs.
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tivity for bone metastases is varying between 46 and 80%, 
but the specificity is high, i.e., 98–100%  [3, 18, 19] .

  CT enteroclysis has shown a 50–85% sensitivity and 
25–97% specificity for the detection of the primary NET 
in the small bowel  [20] . In 219 patients with small bowel 
tumors, including 19 small intestinal NETs (SI-NETs), 
CT enteroclysis showed a sensitivity and specificity of 85 
and 97%, respectively  [21] .

  Hard- and Software Requirements 
 For the examination of the abdomen, thorax and neck, 

the MDCT scanner should allow for acquisition of  ≤ 1-
mm slices in order to reconstruct transverse images at 
preferably 2- to 3-mm slice thickness. The high spatial 
resolution of the thin slices is needed for optimal exami-
nation, especially of the pancreas, liver and neck region. 
A high temporal resolution is also needed in order to per-
form examinations in the various contrast enhancement 
phases required for proper examination for example of 
the liver and the pancreas.

  The software needed for image reconstruction and for 
MPRs and 3D maximum intensity projections are gener-
ally supplied with the CT scanner. Specialized image post-
processing to create volume-rendering technique 3D im-
ages and virtual endoscopy images may need additional 
software programs. Most image workstation software, in-
cluding those in most current picture archiving and com-
munication systems (PACS) currently allow for reformat-
ting the original  ≤ 1-mm images in any slice thickness, usu-
ally 2–3 mm, in the transverse, coronal and sagittal planes.

  Patient Information 
 For optimal patient cooperation and examination re-

sults, the patient should be well informed and properly 
prepared. Patients should receive information according 
to local protocols and practices and these should also re-
flect the type and purpose of the examination.

  For most CT procedures, the examination generally 
takes about 15 min. For abdominal CT, patients need to 
arrive at the department 1.5 h in advance of the scan time 
for filling of the bowel by drinking approximately 800 mL 
of fluid, usually tap water. The patients are placed on the 
examination bed and moved into a short tunnel, i.e., the 
CT gantry. During intravenous (i.v.) CM administration 
the patients may initially experience a feeling of warmth 
and occasionally the sensation of urinary urgency. A pre-
vious history of renal impairment or i.v. CM-related ad-
verse reactions should be checked, whether the reaction 
was systemic or localized and regarding the CM respon-
sible.

  Fluids but no solid food are recommended during
12 h before the examination. In patients with impaired 
renal function, it is of particular importance to inform the 
patient that he or she needs to be well hydrated before the 
examination in order to reduce the risk of adverse CM-
related renal effects. Information on the radiation dose is 
generally not necessary for the patient. However, it should 
be documented on the imaging report, according to the 
local regulatory authorities.

  Patient Preparation 
 For patients having experienced a moderate or severe 

CM-related reaction by a modern nonionic and low-os-
molar CM, another imaging technique should be consid-
ered (MRI, US or hybrid imaging without contrast). If CT 
is considered to be imperative, another CM should be
used since the choice of another modern nonionic and
low-osmolar CM may not cause similar side effects. How-
ever, the patient should be pretreated with oral cortisone
and antihistamine given 12 and 2 h before CM injection
 [22] and medical resuscitation personnel must be avail-
able should anaphylaxis occur. For urgent contrast-en-
hanced CT examinations, i.v. drug administration is pre-
ferred. Also, the type of CM responsible for a previous or
current CM-related reaction should, if this information is 
available, be documented in the radiological report. Fur-
ther use of this particular CM may then be avoided since
the CM-related side effect may be related to the specific
CM molecule and not to iodine-based CM in general. A
similar CM by another manufacturer may therefore not
produce these adverse events, or the side effects may be
less severe.

  Diabetic patients treated with metformin should stop 
the drug the day before, or at the latest, the same day as 
the CM administration and have serum creatinine 
checked before restarting metformin. In the elderly and 
low-body-weight patients, serum creatinine should be in-
terpreted with caution; in such cases, creatinine clearance 
can be used instead (normally >40 mL/min). A serum cre-
atinine  ≥ 130 μmol/L puts patients at risk of renal impair-
ment. In such cases, hydration with at least 1 L of fluid 
before and after CM injection is advised. When serum 
creatinine is  ≥ 180 μmol/L or creatinine clearance <30 
mL/min, CT examination is generally performed without 
i.v. contrast enhancement. As an aid, various electronic
algorithms/computer software are available to estimate
the creatinine clearance using the patient’s serum creati-
nine, weight, age and sex as input parameters.

  In order to distend the bowel, patients generally drink 
about 800 mL of tap water for 1.5 h before an abdominal 
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CT examination. Twenty milliliters of CM (300–400 mgI/
mL) may be added to the tap water when a positive CM 
filling of the bowel lumen is required (if for example a 
gastrointestinal tract fistula is suspected). However, for 
CT examination of NETs, particularly of the pancreas or 
when duodenal disease is suspected, the duodenum needs 
to be filled with water without addition of a iodine-based 
CM. This is best achieved by 150–200 mL of oral water a
few minutes before the CT examination. Administration
of an antiperistaltic agent (e.g., butylscopolamine 20 mg
i.v.) to reduce bowel motility is optional.

  For abdominal CT of the small bowel, i.e., CT entero-
clysis, distension of the bowel requires a larger fluid vol-
ume, approximately 2,000 mL. The patient can either 
drink this during the hour preceding the examination 
(hyperosmolar fluid such as mannitol, with a 50% con-
centration is optimal) or, alternatively, the fluid (warm 
tap water) can be administered through a nasogastrojeju-
nal tube. By using a dedicated (150 mL/min rate) power 
injector, optimal filling of the whole small bowel may be 
achieved during enteroclysis. CT enteroclysis is per-
formed during i.v. contrast enhancement, aiming to dem-
onstrate a hypervascular small bowel NET delineated by 
water in the bowel lumen.

  CT of the colon is performed similarly as an examina-
tion for suspected colonic carcinoma, using a CT colo-
nography technique, with cleaning the bowel and insuf-
flating air or CO 2  and it requires i.v. contrast enhance-
ment.

  Information Provided by the Clinician 
 In order to perform a proper CT examination and to 

decrease potential risks, it is necessary that the referring 
clinician provides adequate information. This includes 
the precise diagnosis, current medical therapy, previous 
surgery and information regarding the presence of diabe-
tes (including the use of metformin), renal impairment 
and previous CM-related adverse reactions. The results of 
previous imaging examinations are mandatory.

  Imaging Technique 
 The imaging protocols used for CT of the abdomen, 

including the liver and pancreas, thorax and neck, vary 
slightly according to local experience and routines. Given 
that the previously recommended hardware require-
ments are taken into consideration and that a bolus-
tracking technique is available, various examination pro-
tocols usually result in equally good examinations. Con-
sequently, this consensus document is focused on basic 
examination parameters, instead of detailed protocols, 

and important general imaging aspects are discussed. For 
MDCT of the abdomen, thorax and the neck,  ≤ 1-mm 
slice thickness and a pitch of 1.25–1.5 is recommended. 
The pitch is the table movement per tube rotation divided 
by the width of the total number of the detectors used. 
The resulting  ≤ 1-mm transaxial images should prefera-
bly be reformatted in 2- to 3-mm MPRs in the transverse, 
coronal and sagittal planes using a 30–50% overlap.

  In patients with adequate renal function, i.v. CM is ad-
ministered. For i.v. contrast enhancement of the abdo-
men, 1.5–2 mL/kg body weight (maximum 180 mL), 300–
350 mg/mL nonionic low- or iso-osmolar contrast mate-
rial should be used at  ≥ 5 mL/s injection rate, using a 
power injector. A lower injection rate may sometimes be 
necessary depending on the patients’ venous access. The 
use of a dual syringe injector is recommended by which a 
40- to 80-mL injection of physiological saline can be ad-
ministered immediately after the CM injection. This as-
sures that the whole CM volume is utilized for contrast
enhancement purposes and it decreases the otherwise un-
desirably high CM concentration in the brachiocephalic
vein and the superior vena cava, which can obscure nod-
al disease in the supraclavicular fossa and mediastinum,
respectively.

  CT angiography and examination of the liver and pan-
creas is preferably performed using a bolus-tracking tech-
nique (see below). When this is not available, the approx-
imate examination start for CT angiography is 15–25 s, 
for the late arterial phase (also called the portal-venous 
inflow phase) it is 25–30 s, and for the venous phase (also 
called portal, or portal-venous phase) it is 60–90 s after 
CM injection start. CT angiography may be needed in the 
preoperative setting, but usually the examination in the 
late arterial phase is sufficient to evaluate the anatomy of 
the arteries and their relation to the tumors. Also, the late 
arterial phase is in most cases sufficient for pNET diag-
nosis, and examination in the so-called pancreatic phase 
(at approximately 40 s after CM injection start), which is 
advocated for CT of ductal pancreatic carcinoma, is gen-
erally not as advantageous for pNET imaging.

  For proper examination of the liver, a sufficient 
amount of iodine, optimally 0.50–0.75 mg/kg body 
weight, needs to be injected in order to achieve adequate 
enhancement of the normal liver in the venous contrast 
enhancement phase to optimize delineation of the poorly 
vascularized metastases. A high CM injection rate, at least 
5 mL/s, results in proper enhancement of the aorta and 
the larger arteries for CT angiography. A similarly high 
i.v. CM influx is needed for enhancement of well-vascu-
larized liver metastases in the late arterial phase and to
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achieve adequate enhancement of the pancreas and renal 
parenchyma. Importantly, a high CM injection rate al-
lows a better separation over time between the various 
contrast enhancement phases.

  When the thorax and/or the neck is examined togeth-
er with the abdomen, the amount of CM and the injection 
rates are adjusted compared to what is required to per-
form a proper CT of the abdomen. When the thorax and/
or the neck, by contrast, are examined separately, the 
amount of CM injected and the injection rate can be de-
creased. MDCT of the neck also requires a somewhat low-
er CM injection rate: approximately 1.5–2 mL/kg body 
weight of CM 300–350 mg/mL is recommended to be in-
jected at 2.5 mL/s and using a 40-s scanning delay. For CT 
examination of the thorax, even less CM and a lower in-
jection rate can be used. Approximately 1–1.5 mL/kg 
body weight of CM 300–350 mg/mL is administered at 
about 1.5 mL/s and a scanning delay of 60 s is preferable.

  For CT of the liver, a so-called triple-phase examina-
tion is required. This involves examination before (non-
enhanced, native) and during i.v. contrast enhancement 
in the late arterial (portal-venous inflow) phase and in the 
venous phase. For follow-up of NET liver metastases, 
some centers restrict CT examination to the venous con-
trast enhancement phase and only when the initial imag-
ing workup has shown better delineation of the liver me-
tastases in the nonenhanced examination and/or in the 
late arterial phase are one or both of these phases added. 
This routine is, however, insufficient, since there is a risk 
that new well-vascularized metastases may escape detec-
tion. Also, fatty infiltration of the liver, which may be in-
duced by medical therapy, can significantly change the 
imaging prerequisites. Liver metastases initially diag-
nosed during the venous phase may no longer be visible 
at follow-up, but show up in the nonenhanced examina-
tion and/or the late arterial contrast enhancement phase. 
A triple-phase CT examination also reduces the risk of 
misinterpreting areas of normal parenchyma as metasta-
ses in a fatty infiltrated liver. In order to decrease the ra-
diation dose to the patient, the possibility of using dual-
energy CT to produce virtual precontrast images can be 
considered.

  Coordination of CT scanning in relation to the CM 
injection is best controlled by using the “bolus-tracking” 
technique, for which computer software is regularly sup-
plied together with the CT scanner. This allows for mon-
itoring of the aortic enhancement during CM administra-
tion in order to determine the optimum time point for the 
examination start. Various routines also exist in the use 
of the bolus-tracking technique. For CT angiography and 

examination in the late arterial phase, a fixed attenuation 
value (around 150 Hounsfield units, HU) in the abdomi-
nal aorta may be used to initiate the scanning start. As an 
alternative, a lower value (around 100 HU) may be used 
to trigger the examination start but needs to be followed 
by a 10- to 15-s scan delay. In combined CT examinations 
of the abdomen and thorax, including triple-phase CT of 
the liver, the order scanning of these body regions is per-
formed depends on how the bolus-tracking technique is 
applied. Initially nonenhanced scanning of the liver is 
generally performed. Then the liver is examined in the 
late arterial phase and thereafter the thorax and abdomen 
in the venous phase. Alternatively, an examination of the 
thorax early after CM injection start is favored and coor-
dinated so that the subsequent scanning of the liver is 
performed in the late arterial phase, and thereafter the 
whole abdomen is examined in the venous phase.

  As discussed above, for CT enteroclysis, a nasojejunal 
tube can be placed under fluoroscopy guidance down-
stream to the ligament of Treitz. Unless already con-
firmed by fluoroscopy, precontrast CT examination is 
performed to check the correct position of the tube. Ap-
proximately 2,000 mL of warm tap water is administered 
through the tube, preferably by using a pump at 150–200 
mL/min. Intravenous glucagon or anticholinergic drug is 
recommended and CT during i.v. contrast enhancement 
is performed 50 s after injection of 120–150 mL at 3 mL/s. 
Because small tumors are anticipated, reconstruction of 
thin, approximately 2-mm, sections are recommended 
and viewing using MPRs and cine loop is mandatory.

  Radiation Dose 
 The radiation dose administered to the patient varies 

with the examination protocol and the type of CT scan-
ner. A high-tube voltage, a high-tube current, a long-
tube rotation time and a low pitch increase the dose. In 
order to maintain a proper image quality in large-size 
patients, the tube current is increased but it may be de-
creased in small-size patients. This results in a higher ra-
diation dose to large- compared to small-size patients. 
Automated radiation dose modulation software is cur-
rently routinely supplied with the CT scanner, whereby 
the tube current is adjusted automatically along the scan 
length depending on the body size (low in the neck and 
higher in the abdomen) and tissue composition (low in 
the thorax and higher in the abdomen). Recently auto-
mated modulation of the tube potential (kV) has been 
introduced in some CT scanners to reduce the radiation 
dose to the patient. However, it should be noted that in-
accurate diagnosis poses a significant risk to patients and 
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efforts to reduce radiation exposure should never lead to 
suboptimal imaging protocols.

  An examination in an MDCT scanner of  ≤ 1-mm slice 
thickness (“one run”) of a patient of 70 kg results in an 
approximate radiation dose of 6 mSv for the whole abdo-
men and 4 mSv for the upper abdomen (liver) from the 
diaphragm to the iliac crest. An optimal MDCT examina-
tion of the abdomen comprising 3-phase CT of the liver 
and examination of the pelvis in this 70-kg patient thus 
results in a 14-mSv radiation dose. The corresponding 
figures for MDCT of the thorax is 3.5 mSv and of the neck 
it is 4.5 mSv. The radiation dose decreases with the use of 
a modern automated radiation dose modulation software 
(mA and kV).

  Image Findings 
 Gastric, duodenal, rectal and colonic NETs are often 

diagnosed by endoscopy and endoscopic US (EUS). The 
role of CT when the primary site is already confirmed is 
to detect regional and distant metastases for staging of the 
disease.

  For type 1 and type 2 gastric NETs, CT is not required 
except for large (>2 cm) and invasive tumors detected by 
EUS. Type 1 tumors are predominantly located in the 
fundus and body of the stomach and are typically multi-
centric, <1 cm in diameter, rounded with sharp margin 
and contrast-enhancing. Type 2 gastric NETs are usually 
multiple and located within the stomach wall, which is 
thickened secondary to gastrin hypersecretion due to a 
gastrinoma present in the pancreas or duodenum as a 

part of the MEN-1 or Zollinger-Ellison syndrome. Type 
3 gastric NETs are solitary, large lesions, with a more ir-
regular and more diffusely delineated margin that may 
ulcerate. These tumors can also extend into the perigas-
tric fat.

  Duodenal NETs are usually small contrast-enhancing 
tumors and in the case of gastrinomas, as part of MEN-1 
syndrome, may be multiple. For CT diagnosis of the pri-
mary tumor, it is important to distend the duodenum 
with water and to perform the examination during i.v. 
contrast enhancement since this will facilitate the detec-
tion of the usually markedly contrast-enhancing tumor 
which is depicted against the low-attenuating water in the 
bowel lumen ( Fig. 1 ).

  Functional pNETs, such as insulinoma, and incidental 
nonfunctioning pNETs are typically small and sharply 
delineated. They can be multiple in patients with the 
MEN-1 syndrome. These tumors tend to be best visual-
ized as evenly contrast-enhancing tumors in the portal-
venous inflow phase (at approximately 30 s) rather than 
in the pancreatic contrast enhancement phase (at approx-
imately 40 s after CM injection start) ( Fig. 2 ). In the ve-
nous contrast enhancement phase, pNETs usually exhib-
it higher attenuation than the surrounding normal pan-
creas.

  Other functional pNETs (solitary gastrinoma, VIPo-
ma, glucagonoma) and nonfunctioning pNETs are usu-
ally larger ( Fig.  3 ) and may have calcifications that are 
best depicted in the non-contrast-enhanced examination. 
Larger pNETs may be well or not so well vascularized and 

a b

  Fig. 1.   a  Transverse i.v. contrast-enhanced CT in the arterial phase showing a contrast-enhanced NET (arrow) 
surrounded by water in the duodenum.  b  This tumor was also depicted by  68 Ga-DOTATOC-PET/CT shown in 
the PET/CT fusion image. 
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often comprise areas of necrosis and the contrast en-
hancement usually shows an irregular pattern. CT also 
delineates the position of the tumor in relation to the pan-
creatic and common bile duct, evaluates possible vascular 
encasement ( Fig. 4 ) and stages the disease with respect to 
regional lymph node involvement and presence of distant 
metastases, mainly to the liver. With a usually slow-grow-

ing pNET occluding the pancreatic duct, this is dilated 
proximal to the occlusion and the surrounding pancre-
atic parenchyma is severely atrophic and appears like a 
thin brim surrounding the dilated duct. A large pNET can 
occasionally be confused with a cystadenoma or a ductal 
pancreatic cancer. An intrapancreatic accessory spleen in 
the tail may be misdiagnosed as a small pNET.

  The SI-NETs may be diagnosed by endoscopy includ-
ing capsule endoscopy and by CT enteroclyis. In some 
centers, MRI enteroclysis is performed. SI-NETs are 
mostly found in the ileum rather than in the jejunum and 
are usually small and occasionally multiple. Consequent-
ly, these small tumors are difficult to diagnose as filling 
defects at CT with positive oral CM. With the use of a 
positive oral CM (e.g., diluted iodine or barium sulfate 
solution), the usually high-attenuating SI-NET is more 
likely to escape detection than when the lesion is sur-
rounded by a low-attenuating CM such as water, simi-
larly to what was previously discussed regarding the diag-
nosis of duodenal tumors.

  Frequently, SI-NETs present due to associated mesen-
teric metastases. These can induce an intense desmoplas-
tic reaction causing contraction and tethering of the ad-
jacent bowel loop resulting in partial or complete intesti-
nal obstruction. Vascular encasement of the superior 
mesenteric artery and vein may compromise bowel circu-

  Fig. 2.  Transverse i.v. contrast-enhanced CT in the arterial phase 
showing a hypervascular pNET (arrow) in the uncinate process of 
the pancreas. 

  Fig. 3.  Transverse i.v. contrast-enhanced CT in the arterial phase 
showing a hypervascular pancreatic NET (glucagonoma) in the 
pancreatic head. 

  Fig. 4.  Transverse i.v. contrast-enhanced CT in the arterial phase 
showing a hypovascular pancreatic NET in the pancreatic body. 
There is tumor encasement of the spleenic and the main hepatic 
artery (arrows). 
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lation. At CT, this is reflected as an irregular soft tissue 
mass, typically with one or more areas of calcifications 
( Fig. 5 ), surrounded by radiating streaks in the mesen-
teric fat ( Fig. 5 ) resembling spokes in a wheel. The supe-
rior mesenteric artery and/or vein or branches/tributaries 
of these vessels may be encased by the tumor. In this situ-
ation, surgical resection of the primary tumor and associ-
ated mesenteric lymph nodes can lead to vascular com-
promise of the small bowel, leading to short-bowel syn-
drome if recognized intraoperatively, or ischemic 
complications in the postoperative period if not. A pre-
operative imaging report should therefore include a de-
scription of the number of arterial branches from the su-
perior mesenteric artery and tributaries to the superior 
mesenteric vein, respectively, above the mesenteric me-
tastasis. A classification of mesenteric lymph nodes into 
5 stages according to their proximity to the trunk and/or 
branches of the superior mesenteric artery has also been 
proposed to facilitate the surgical management  [23] .

  For NETs of the colon and the rectum, the role of CT 
is not to detect the primary tumor or to appreciate its in-
vasion of the rectal wall and the surrounding mesorec-
tum, which is usually performed better by MRI or EUS. 
Colonic NETs are generally diagnosed by colonoscopy 
and fluoroscopy, and CT is therefore utilized to stage rec-
tal and colonic NETs by detecting regional and distant 
metastases and, in case of locally advanced tumors, to vi-
sualize infiltration into adjacent organs and tissues.

  CT cannot definitively differentiate liver metastases 
due to NETs from any other malignant tumors. Typically, 
NET liver metastases are well vascularized and best de-
picted during i.v. contrast enhancement in the late arte-
rial phase where they show up as high-attenuating (bright) 
lesions in the nonenhanced (dark) normal liver ( Fig. 6 ). 
However, poorly vascularized NET liver metastases are 
also frequent. These are best depicted in the venous con-
trast enhancement phase as low-attenuating (dark) areas 
relative to the normal contrast-enhanced high-attenuat-
ing (bright) liver parenchyma ( Fig. 7 ). Larger metastases 
are fairly often visible in the precontrast images in which 
occasional areas of calcification are best seen. Peripheral 
contrast enhancement and central necrosis in larger NET 
liver metastases are often seen. In the precontrast exami-
nation, NET liver metastases are generally low attenuat-
ing relative to the normal liver.

  Viewing of the CT examination should always be per-
formed using window settings optimized for image read-
ing of soft tissues, lung and bone, sequentially. For the 
liver and the pancreas, it may be necessary to adjust the 
window setting and decrease the window width and to 
increase the window center (level) in the contrast-en-
hanced images to optimize lesion detection.

  The CT appearance of NET lymph node metastases 
is similar to those from other malignant tumors, al-
though a marked contrast enhancement may be seen. 
However, some particular anatomical sites should be 

  Fig. 5.  Transverse i.v. contrast-enhanced CT in the arterial phase 
showing a mesenteric metastasis from a small intestinal NET with 
typical central calcification (short arrow) and desmoplastic reac-
tion with stranding of the surrounding mesenteric fat. 

  Fig. 6.  Transverse i.v. contrast-enhanced CT in the arterial phase 
showing hypervascular (bright) liver metastases. 
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kept in mind during image reading. In addition to the 
mesentery and the retroperitoneum, lymph node metas-
tases from SI-NETs can often be found ventrally in the 
lower thorax adjacent to the thoracic wall and to the 

heart ( Fig. 8 ), in the mediastinum and in the supracla-
vicular region. Also, retrocrural lymph node metastases 
are not infrequent ( Fig. 9 ). When evaluating the CT ex-
amination for lymph node metastases, in anatomical re-
gions where these may be surrounded by fat, it is often 
helpful to adjust the window setting by increasing the 
window width to facilitate lesion detection. Also, the use 
of MPRs is advantageous for the depiction of small 
lymph node metastases. Peritoneal carcinomatosis is 
fairly frequent and most often found in the ventral as-
pect of the abdomen as irregular web-like bands and/or 
as nodular lesions ( Fig. 9 ). Ovarian metastases are oc-
casionally found ( Fig. 10 ).

  NET bone metastases are often sclerotic (blastic) 
( Fig.  11 ), but can be osteolytic and sometimes show a 
mixed appearance. Breast metastases from SI-NETs are 
not infrequent and are generally to the ductal tissue rath-
er than to fatty tissue and can therefore be mistaken for 
primary breast carcinoma. Brain metastases are fairly rare 
but can be diagnosed at contrast-enhanced CT, generally 
as rounded contrast-enhancing (bright) lesions. Lung 
metastases from NETs are fairly rare and, similarly to 
those from other malignant tumors, appear as rounded, 
usually multiple and generally well-delineated soft tissue 
opacities, predominantly in the lower lobes.

  Documentation and Reporting of Results 
 For research, the RECIST 1.0 (Response Evaluation 

Criteria in Solid Tumors) and in recent years also RE-

  Fig. 7.  Transverse i.v. contrast-enhanced CT in the venous phase 
showing hypovascular (dark) liver metastases. 

  Fig. 8.  Transverse i.v. contrast-enhanced CT in the venous phase 
showing a lymph node metastasis from a small intestinal NET in 
the right lower-ventral thorax adjacent to the heart (arrow). 

  Fig. 9.  Transverse i.v. contrast-enhanced CT in the arterial phase 
showing a retrocrural lymph node metastasis from a small intesti-
nal NET (long arrow) and peritoneal carcinomatosis; in this pa-
tient, a nodular type with several small rounded tumor deposits in 
the ventral part of the abdomen is shown (short arrows). There is 
also a hypervascular (bright) liver metastasis. 
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CIST 1.1  [24]  are regularly used as the reference standard 
by which tumor response to treatment is reported and 
these criteria are therefore advantageous when compar-
ing the results of different trials. Measurable lesions 
should exceed 1 cm largest diameter. Necrotic or conflu-
ent lesions should not be measured. Bone metastases, 
pleural fluid, ascites, peritoneal carcinomatosis and lep-
tomeningeal disease also represent nonmeasurable le-
sions. New lesions should be reported and except for the 
quantitative description of the measurable lesion sizes 
and the sum of lengths, also a qualitative description of 
the tumors regarding treatment response, for example 
necrosis, should be reported. One of the important up-
dates in RECIST 1.1 is that the short axis of lymph nodes 
 ≥ 1.5 cm is measured. The contrast enhancement phase 
in which the lesions are best depicted should be reported. 
In order to accurately communicate the diagnostic infor-
mation, a liaison between radiologists and clinicians is 
essential.

  In clinical trials, in the case of liver metastases, the liv-
er tumor burden is sometimes also separately reported as 
the proportion of total liver volume, for example <10, 10–
25, 25–50, and >50%. This adds important prognostic in-
formation and can influence decisions regarding debulk-
ing surgery and locoablative therapies. There are several 
manual- and computer software-based methods to facili-
tate the quantification of liver tumor load at CT. These 
methods generally rely on a sufficient difference in at-
tenuation/contrast enhancement between the metastases 

and the normal liver, respectively, and some patients are 
therefore difficult to assess. These methods are still inves-
tigational.

  Magnetic Resonance Imaging 
 For imaging of the abdomen, bone and the brain, MRI 

is generally better than CT and is therefore preferred if 
available, although it may also be complimentary to CT. 
The image contrast is generally better with MRI than CT 
and the use of a number of MRI sequences facilitates tis-
sue characterization and hence diagnosis. The use of he-
patocyte-specific CM makes MRI advantageous com-
pared to CT for liver imaging. Because MRI does not ex-
pose the patient to radiation, the uptake and excretion of 
i.v. CM may be effectively imaged at multiple time points
by repeated acquisitions (dynamic MRI). However, due
to its restricted availability in many centers, MRI was pre-
viously mainly used as a problem-solving tool when CT
failed. This has changed over the last few years and MRI
is more frequently applied as first-line imaging.

  Hard- and Software Requirements 
 The currently available scanners have high-field 

strengths, generally between 1.5 and 3.0 T. The use of a 
phased-array torso coil is recommended and thin sections 
(3 mm and not more than 5 mm) are preferable. The im-
age quality for various MRI sequences may vary between 
vendors and they need to be set up in close collaboration 
with the vendor engineer and the MRI physicist, technol-

  Fig. 10.  Transverse i.v. contrast-enhanced CT in the venous phase 
showing bilateral ovarian metastases (arrows) from a small intes-
tinal NET. 

  Fig. 11.  Transverse i.v. contrast-enhanced CT in the venous phase 
(bone window setting) showing multiple sclerotic (bright) bone 
metastases in the pelvis and sacrum. 
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ogist and radiologist at the MRI unit. Fast acquisitions in 
3D during one breath-hold are recommended during i.v. 
contrast enhancement to decrease respiratory image arti-
facts. The use of fat-suppressed sequences is recommend-
ed to increase the tissue contrast. For MRI of the pancreas, 
MR cholangiopancreatography (MRCP, at least 2D coro-
nal radiated thick slices sequences) is advantageous to vi-
sualize the pancreatic duct.

  Diffusion-weighted imaging (DWI) is an MRI tech-
nique that is receiving much attention in oncology  [25]  
and utilizes a regular phased-array torso coil. Based on 
the restriction of water molecule movement, mainly due 
to a narrowing of the intercellular space, DWI offers high 
lesion-to-background contrast for tumor imaging, in-
cluding NETs. No contrast administration is needed to 
obtain DW-MRI.

  Dynamic contrast-enhanced MRI and perfusion imag-
ing are noninvasive methods to examine microvascular 
structure and function, by tracking the pharmacokinetics of 
injected low-molecular weight, usually gadolinium-based, 
contrast agents as they pass through the tumor vasculature. 
Quantitative contrast-enhanced techniques enable the cal-
culation of combined physiological processes, for example 
blood flow, blood volume, and vessel permeability. These 
quantitative techniques are still to be investigated for the 
assessment of response to antiangiogenic therapies  [26, 27] .

  Sensitivity, Specificity and Detection Rates 
 The MRI reports on sensitivity and specificity for NET 

are few, and variations regarding MRI acquisition proto-
cols between studies make it difficult to compare and 
compile literature data on imaging efficacy. Older studies, 
utilizing a few classical sequences such as transverse T1 
and T2 without contrast enhancement, generally shows 
lower imaging yield  [28, 29]  than in recent reports in 
which the type of i.v. CM may vary, i.e. hepatocyte-spe-
cific versus extracellular CM  [11, 30–37] .

  MRI including DWI, which will be described below, 
yields additional tumor findings  [38, 39]  but comparisons 
between DW-MRI studies are hampered by the use of dif-
ferent sets of b-values.

  Mean and range of diagnostic accuracy results based 
on the number of patients and studies for NETs are pre-
sented in  Table 2   [11, 28–34, 40–43] .

  Patient Information and Preparation 
 The presence of certain magnetic metal implants and 

pacemakers is considered a contraindication for per-
forming MRI, with some being relative and others abso-
lute contraindications. Patients should be asked about 
any previous metal implant procedures so that the mate-
rial can be checked against a list of implants, available at 
MRI departments, that precludes an MRI examination. 
These contraindications are even more important with 
3-T systems and one must choose a lower-field magnet
when appropriate.

  Claustrophobia is more pronounced with MRI than 
CT and the patient should be informed that during the 
examination he or she will be placed in a long tunnel and 
will have to remain still during the approximately 30-min 
examination. If the patient is claustrophobic, administra-
tion of an anxiolytic agent may be necessary. During the 
examination, the patient should be provided with ear pro-
tection against the sound of the scanner, although newer 
scanners have “quiet” sequences. When CM needs to be 
administered, i.v. access is obtained and before some ex-
aminations, for example of the small bowel, the patient 
needs to be at the department an hour in advance of im-
aging to achieve filling of the bowel.

  Before MRI of the pancreas, the patient must have 
been fasting for 6 h. Shortly before starting the examina-
tion, distension of the stomach and duodenum with a 
paramagnetic agent such as frozen/thawed blueberries or 
pineapple juice is advantageous to decrease image arte-

 Table 2. MRI diagnosis of NETs

Type of NET Mean 
sensitivity

Mean 
specificity

Mean 
detection rate

Patients/
studies

Ref.

Gastrinoma 70 122/1 28
Pancreatic NET 79 (54–100) 100 76 (61–95) 258/7 11, 29–34
Liver metastases 75 (70–80) 98 200/2 40, 41
Carcinomatosis 88 (81–91) 72/2 42, 43

Data in the literature on the sensitivity, specificity and detection rate for NET diagnosis by MRI. Figures are 
percentages with ranges in parentheses unless indicated otherwise.
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facts related with water that may impair the image qual-
ity, especially of MRCP.

  The patient’s history should be checked for diabetes 
and renal impairment and pregnancy. The risk for neph-
rogenic systemic fibrosis, which may be associated with 
the use of gadolinium-based CM in patients with chronic 
renal failure, should be assessed. The creatinine clearance 
should be calculated when gadolinium contrast enhance-
ment is considered, and injection should not be per-
formed if the glomerular filtration rate is <30 mL/min. 
Intravenous gadolinium-based CM is avoided if at all 
possible in pregnant patients and the patient should be 
consented if there is a very strong indication to give it.

  Examination Technique 
 The field of view should be kept as small as possible in 

order to optimize image quality; i.v. administration of an 
antiperistaltic drug, for example butylscopolamine 20 mg 
or glucagon 1 mg (if butylscopolamine is not available) is 
recommended to optimize MRI of the abdomen. Short 
breath-hold or respiratory-triggered sequences are rec-
ommended when “moving targets” such as the liver, pan-
creas and bowel are examined.

  The field of view and sequences chosen thus depend 
on the imaging needs. Some recommendations are pro-
vided as follows:

1. Anatomical/Morphological Sequences.  Trans-
verse T2 (either respiratory-gated or breath-hold for up-
per abdominal regions) with additional coronal T2 (for 
upper abdomen) and sagittal T2 (for lower abdomen/
pelvis). Fat saturation of the T2-weighted images is an 
additional option (such as spectral inversion recovery). 
Transverse T1, without and with fat saturation and out-
of-phase (the Dixon technique is advised, which will pro-
vide in-phase, out-of-phase, water-only and fat-only im-
ages).

2. Diffusion-Weighted Imaging.  DW-MRI is based
on the diffusion of water molecules that may be restricted 
by cell membranes. In hypercellular tissues, such as tu-
mors, this is consequently reflected at MRI by a signal 
decrease in the apparent diffusion coefficient (ADC) im-
ages. DW-MRI is now routinely used for all abdominal 
studies. The acquisitions are performed using different 
so-called b-values in the range 0–1,000 s/mm 2  out of 
which usually 3 are chosen, typically one low (b-value
0 or 50), one intermediate (e.g., b-value 400) and one high 
(e.g., b-value 600, 800 or 1,000). Although DWI primar-
ily provides information about tumor cell density, the low 
b-value images also depict the anatomy quite well and of-
fer better image quality, fewer artefacts and better sensi-

tivity for lesion detection than fat-suppressed T2-weight-
ed imaging  [34] .

  A high b-value DWI provides better image contrast, 
minimizing the perfusion effect and yielding greater tis-
sue diffusivity and a lower T2 shine-through effect. For 
DW-MRI of the pancreas, b-values 800 or 1,000 are usu-
ally applied and b-value 600 is the minimum for liver im-
aging. The ADC map derived from these data is used to 
confirm whether high signal intensity on the high b-value 
image represents restricted diffusion (which would be 
low on the ADC map) or whether there is a T2 shine-
through effect (which would be high on the ADC map).

  Ideally, the DW images are acquired such that they are 
anatomically matched to the conventional T1- and T2-
weighted images in order to cross-correlate any findings. 
The final choice of b-values to be used is not fully estab-
lished. However, for qualitative assessment, the use of a 
low b-value (e.g., 0 or 50) and a high b-value (e.g., 800) 
with an accompanying ADC map is sufficient for the 
analysis of the presence or absence of restricted diffusion 
in a lesion.

3. Dynamic Contrast Enhancement.  Transverse dy-
namic gadolinium contrast-enhanced MRI is suitable for 
almost all body parts (except some bone examinations) 
with acquisition at 30, 70 and 120 s and at 3–5 min after 
injection start. 3D acquisitions are recommended and al-
low for reconstruction in various anatomical planes; typ-
ically transverse, coronal and sagittal images. The con-
ventional extracellular gadolinium-based CM for MRI, 
with a pharmacokinetic pattern similar to that of iodine 
CM used for CT, remains the standard for i.v. contrast-
enhanced MRI. Hepatocyte-specific i.v. CM for the char-
acterization of liver lesions is optional but increasingly 
used. Gd-DTPA or Gd-EOB-DTPA immediately after in-
jection act as extracellular contrast agents but are not 
eliminated with glomerular filtration. Instead, they accu-
mulate in the hepatocytes during a relatively long period 
of time following injection (approximately 15–120 min 
depending on the chelate) and thereby make tumor tissue 
appear hypointense in relation to the normal liver. They 
can help distinguish focal liver lesions of hepatocellular 
origin from lesions of nonhepatocellular origin (metasta-
ses), and can also be used in the evaluation of the biliary 
tree.

4. Additional Sequences for Pancreatic Evaluation.
MRCP is mandatory to optimally evaluate the regional 
anatomy and the relation of the tumor to the pancreatic 
duct and the main bile duct. Coronal radiated T2-weight-
ed thick slice (25 mm) sequences with 2 ranges including 
the pancreatobiliary junction (6 slices) and the pancre-
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c

d

e1

ADC = 1 

e2

  Fig. 12.  Poorly differentiated pancreatic NET in the head.  a  Trans-
verse T2-weighted MRI showing the pancreatic NET slightly hy-
perintense (arrow).  b  The pancreatic NET is markedly hypoin-
tense in the T1-weighted MRI.  c  Transverse T1-weighted gado-
linium contrast-enhanced MRI in the arterial phase.  d  Transverse 

diffusion-weighted MRI (DW-MRI; b-value 800) showing a high 
signal of the pancreatic NET (arrows).  e1  DW-MRI, apparent dif-
fusion coefficient, showing a very low signal, measured at a value 
of 1 (e2), the lesion was grade 3, poorly differentiated. 
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atic body (3 slices), respectively, are recommended; a 3D 
sequence may be added.

5. Specific Protocol for Small Bowel Evaluation.  The 
small bowel is initially distended with a large volume of 
fluid such as mannitol. Large field-of-view axial and cor-
onal images are acquired including T2, T1 without and 
with fat saturation and T1 with fat saturation following 
gadolinium contrast. The use of this technique depends 
on local expertise. The detection of small bowel NETs 
may initially undertake using capsule endoscopy.

6. Whole-Body MRI.  The acquisition protocol in
whole-body MRI (WB-MRI) constitutes a compromise 
between examination time and image detail. WB-MRI ex-
amination protocols encompassing the neck-thorax-ab-
domen (and brain when needed), with acquisition of DWI 

and i.v. contrast-enhanced images of the liver and pan-
creas, which are recommended, can now be performed in 
a total study time of 1 h or less. While image quality of 
WB-MRI has increased considerably, for the sake of ex-
amination time, the number of acquisition sequences 
needs to be reduced and typically results in lower spatial 
resolution than for an examination of a limited part of the 
body. A few studies reporting on WB-MRI on NETs have 
been published  [42, 43] , also together with PET in PET/
MRI hybrid scanners  [44, 45] . The use of WB-MRI includ-
ing DWI is increasing, also for NET imaging.

  Image Findings 
 At MRI, a typical NET appears as a low-signal inten-

sity (dark) lesion in T1- and as an intermediate-to-high-

a b

c d

Fig. 13. Benign G1 pancreatic NET.  a  Transverse T1-weighted pre-
contrast MRI, showing a hypointense rounded well-delineated tu-
mor in the tail of the pancreas.  b  Transverse T1-weighted i.v. gad-
olinium contrast-enhanced MRI in the arterial phase, showing a 
slight peripheral contrast enhancement of the tumor (arrow).

 c  Diffusion-weighted MRI, b-value 800, showing the pancreatic 
NET slightly hyperintense (arrow).  d  Diffusion-weighted MRI, ap-
parent diffusion coefficient map, showing an intermediate appar-
ent diffusion coefficient value of 1.54, in favor of a benign lesion.  
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signal intensity (bright) lesion in T2-weighted images 
( Fig. 12 a, b). The MRI appearances of NETs are similar to 
those of CT concerning tumor delineation, contrast en-
hancement characteristics and various morphologic pat-
terns ( Fig. 12 c). Although spatial resolution is frequently 
poorer with MRI than CT, the much better soft tissue 
contrast of MRI facilitates the detection of small NETs.

  Pancreatic Neuroendocrine Tumors 
 The detection of small pNETs is favorable with MRI 

( Fig. 12 ,  13 ), particularly with T1 water selected and T2 
spectral inversion recovery (SPIR) thin slices. pNETs are 
not typically associated with main pancreatic duct steno-
sis and upstream dilatation at MRCP. Concerning vascu-
lar behavior of NET, the most vascularized NETs have the 
lowest malignant potential and the best prognosis  [46–
48]  ( Fig. 13 ). A benign pNET typically has a round or oval 
shape, is small (<2 cm) and hypervascular, and shows
higher ADC values and ADC ratios than more aggressive
pNETs ( Fig. 1 ,  2 ). A correlation between the ADC and
tumor grade has been shown ( Table 3 )  [49, 50] . The im-
age patterns of unequivocally malignant lesions are quite
different  [51] .

  Solid-appearing serous cystic neoplasms, intrapancre-
atic accessory spleen and pancreatic metastasis may be 

considered as differential diagnoses when imaging ap-
pearances suggest a pNET. Similar to pNETs, the major-
ity of solid-appearing serous cystic neoplasms appear hy-
pervascular on imaging. However, the latter differ signif-
icantly on MRI showing high signal intensity and cystic 
component on T2-weighted images. All serous cystade-
nomas show a nonrestrictive pattern on the ADC map, 
while NETs show diffusion restriction  [52] .

  A second differential diagnosis is an intrapancreatic 
accessory spleen in the pancreatic tail. Typically, the sig-
nal intensity of the intrapancreatic accessory spleen varies 
between MRI sequences in parallel with that of the spleen. 
Compared with the spleen, the accessory spleen has been 
shown to be isointense more frequently than small pNETs 
on T2-weighted images, arterial, portal and late-phase 
images and DWI  [53] . The ADC is usually lower in an ac-
cessory spleen than in a pNET  [54] . A third differential 
diagnosis is an intrapancreatic metastasis from an unre-
lated (e.g., renal) cancer  [55] .

  Liver Metastases 
 The depiction of small liver metastases on MRI is fa-

cilitated by using multiple sequences including DW-MRI 
and dynamic i.v. contrast enhancement  [16, 40, 41]  
( Fig. 14 ,  15 ). Lesions that are equivocal or contradictory 

 Table 3. US, EUS, IOUS and CEUS diagnosis of NETs

Type of NET and 
US method

Mean 
sensitivity

Mean 
specificity

Mean 
detection rate

Patients/
studies

Ref.

pNETs
US 39 (17–76) 250/6 61–66
EUS 86 (75–97) 220/9 9, 62, 63, 66, 70–74

86 (82–93) 92 (86–95) 149/3 67–69
IOUS 92 (74–96) 127/4 64, 66, 75, 76

Insulinoma
EUS 86 (57–100) 250/12 63, 64, 72, 77–85
IOUS 92 (84–100) 264/9 66, 75, 76, 86–91

Duodenal tumors and lymph 
node metastases

US 18 25/1 66
EUS 63 59/2 66

72
Liver metastases

US 88 95 131/1 12
CEUS 82 48/1 92

Data in the literature on the sensitivity, specificity and detection rate for NET diagnosis by US, EUS, IOUS and CEUS. Figures are 
percentages with ranges in parentheses unless indicated otherwise. US, ultrasonography; EUS, endoscopic ultrasonography; IOUS, 
intraoperative ultrasonography; CEUS, contrast-enhanced ultrasonography.
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at CT and US may better be characterized by MRI ( Fig. 15 ). 
NET liver metastases generally show high signal intensity 
on T2-weighted images. The contrast enhancement kinet-
ics on MRI obtained with extracellular gadolinium-based 
CM are similar to those with iodine-based CM for CT.

  Hypervascular metastases thus regularly (60–70%) 
show heterogeneous intense gadolinium contrast en-
hancement in the hepatic arterial dominant phase  [40, 56, 
57] . Ring enhancement is a frequent (72% of 165 patients) 
finding in the hepatic arterial dominant phase  [58]  
( Fig. 15 ).

  Hypovascular metastases are best depicted in the ve-
nous phase, similar to CT, and appear as low-signal in-
tensity lesions relative to the high-signal intensity con-
trast-enhancing normal liver parenchyma. Perilesional 
enhancement is frequent in the venous phase (92% of pa-
tients) and a peripheral low-signal intensity area may be 
observed in the postcontrast late phase  [58] .

  The high signal intensity of NET liver metastases on 
T2-weighted images make their distinction from cavern-
ous hemangioma difficult. However, these are generally 
easily identified based on their typical contrast enhance-
ment pattern (similar to that on CT). Thus, in the arte-
rial dominant contrast enhancement phase, a heman-
gioma typically displays globular peripheral skip en-
hancement. The contrast enhancement will over time 
gradually extend towards the lesion center and fill the en-
tire lesion making the hemangioma appear hyperintense 
in the venous and late phase. A liver metastasis will, by 
contrast, in this phase appear hypointense relative to the 
normal liver because of the CM washout from the metas-
tasis, or isointense. Furthermore, the hemangioma will 
not show restricted diffusion, and consequently has high 
ADC values, in contrast to the restricted diffusion and 
low ADC in a metastasis  [56] .

  Depiction of Pathological Lymph Nodes 
 Because normal lymph nodes are of high cellularity, it 

is difficult to apply DW-MRI to detect metastatic lymph 
nodes. There are no specific data concerning the diagnos-
tic performance of MRI in detecting NET nodal metasta-
ses. The application of MRI for locoregional staging of 
rectal NETs is mentioned in the CT section of this paper

  Peritoneal Carcinomatosis 
 Peritoneal carcinomatosis is challenging to image, 

particularly on CT, as there frequently are multiple but 
small-volume sites of disease which are challenging to 
identify against the adjacent soft tissues, such as the bow-
el serosa. MRI may be helpful in problem solving if CT is 

a

b

c

      Fig. 14.  NET liver metastases.  a ,  b . Transverse T1-weighted gado-
linium contrast-enhanced MRI in the arterial ( a ) and venous ( b ) 
phase, showing 3 liver metastases.  c  Diffusion-weighted MRI (b-
value 800), showing 3 more hyperintense liver metastases (ar-
rows). 
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e

  Fig. 15.  Typical liver metastasis.  a  i.v. contrast-enhanced multide-
tector CT in the arterial phase showing a slight enhancement in the 
metastasis.  b ,  c  Transverse T1-weighted ( b ) and T1-weighted gad-
olinium contrast-enhanced T1-weighted MRI in the arterial phase 
( c ) showing a hypointense metastasis with rim enhancement.  d ,  e  
Transverse diffusion-weighted MRI (b-value 600), showing a hy-
perintense metastasis (white arrow), with a very low apparent dif-
fusion coefficient appearing as a dark area (black arrow). 
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equivocal, with both DWI and gadolinium-enhanced 
MRI being useful for depicting peritoneal metastases of 
small volume  [42, 43, 59] .

  Therapy Monitoring 
 Imaging assessment of therapy response by CT/MRI 

utilizes RECIST, based on 1-dimensional lesion measure-
ments. There is, however, an increasing demand for eval-
uating other parameters than tumor size in order to ear-
lier assess the treatment effect of the current generally 
costly NET therapies, many of which result in stabiliza-
tion rather than tumor shrinkage. Dynamic contrast-en-
hanced MRI  [26, 27]  and DWI  [60]  are currently being 
investigated in this respect.

  Documentation and Reporting of Results 
 The documentation and reporting of results of MRI is 

similar to that of CT.

  Ultrasound 
 Sensitivity, Specificity and Detection Rates 
 Ultrasound is known to be an operator-sensitive mo-

dality leading to wide variation regarding sensitivity and 
specificity of the reported series. The US-, EUS-, intraop-
erative US (IOUS)- and contrast-enhanced US (CEUS)-
acquired sensitivity, specificity and detection rate (mean 
and range based on the number of patients and studies) 
for NETs at various anatomical sites is presented in  Ta-
ble 3 .

  For pNET diagnosis, a mean detection rate of 39% 
(range 17–79) was found in 6 studies on abdominal US 
including 153 patients  [61–66] .

  EUS is the most sensitive method for diagnosing 
pNETs, showing a mean sensitivity of 86% (range 82–93) 
and a mean specificity of 92% (range 86–95) in 3 studies 
comprising 149 patients  [67–69] . The detection rate was 
86% (range 75–97) in 9 studies comprising 220 patients 
 [9, 62, 63, 66, 70–74] .

  IOUS is also a sensitive method for detecting
pNETs with a mean detection rate of 92% (range 74–96) 
reported in 4 studies that included 127 patients  [64, 66, 
75, 76] . When insulinomas were considered separately, 
the mean detection rate of EUS was 86% (range 57–100) 
in 12 studies including 250 patients  [63, 64, 72, 77–85]  
and that of IOUS was 92% (range 84–100) in 9
studies including 264 patients  [66, 75, 76, 86–91] . For 
duodenal tumors and lymph node metastases, the
detection rate of US was 18% in a study of 25 patients 
 [66] and that of EUS 63% in 2 studies comprising 59
patients  [66, 72] .

  Studies reporting on US for the detection of liver me-
tastases exclusively from NETs are scarce. However, in 1 
study including 131 patients with various NETs, US ex-
hibited 88% sensitivity and 95% specificity  [12] . CEUS 
has been shown to be more sensitive for the diagnosis and 
characterization of liver lesions than conventional US. In 
48 patients with NETs and suspicion of liver metastases, 
the sensitivity of CEUS was 82%  [92] . The diagnostic 
yield of US-guided biopsies in 129 patients was shown to 
improve by CEUS compared to conventional US  [93] . 
Liver hemangiomas were easier to characterize by CEUS 
than by precontrast US  [94] .

  Hard- and Software Requirements 
 The possibility of using different transducers with ap-

propriate ultrasound frequencies is important. The deep-
er portions of the abdomen require better penetration of 
a low-frequency transducer than more superficial areas 
where a high-frequency transducer is preferred. With the 
recent development of US transducers, the frequency in 
one single transducer may be adjusted according to the 
different needs during the examination. By a harmonic 
imaging technique, the sensitivity of US can be improved. 
The use of i.v. CM for US is an important development of 
the technique, and preferably the US equipment software 
should allow for CEUS.

  Patient Information and Preparation 
 The patient needs to be informed that the examination 

generally lasts 15–30 min, unless CEUS, which lasts lon-
ger, is performed. During US of the abdomen, patients 
may repeatedly need to hold their breath for a few seconds 
and the insertion of an i.v. catheter before CEUS may 
cause some discomfort.

  Information Provided by the Clinician 
 US of the abdomen in obese patients is difficult to per-

form and tends to be unreliable as abdominal organs can-
not be sufficiently penetrated. These patients are better 
candidates for CT or MRI. An exception from this rule is 
US-guided biopsy, which can always be tried and, con-
verted into a CT-guided procedure if necessary. The re-
ferring physician needs to provide information regarding 
the patient’s diagnosis, kind of medical therapy, previous 
surgery, type of surgery and the findings at surgery and 
results of previous imaging examinations.

  If CEUS is contemplated, information should be pro-
vided regarding previous insertion of cardiac valve pros-
thesis since the use of i.v. CM for US in these patients 
presently is not accurate (bubbles are broken by such 
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prosthesis), and recent cardiac angina is a contraindica-
tion due to the risk of acute cardiac insufficiency. Please 
also see the pertinent parts in the corresponding para-
graph regarding CT and MRI.

  Examination Technique 
 As opposed to CT, which allows fast and detailed ex-

amination of the whole abdomen and of additional body 
regions (thorax, neck) at the same session, US is better 
suited for examination of limited parts of the abdomen, 
for example the pancreas and the liver. Although time-
consuming, examination of the whole abdomen is still 
feasible, even though an overview of the tumor load in 
patients with extensive disease may be difficult.

  Because US is an operator-dependent procedure, an 
optimal examination technique is essential. The use of 
different transducer frequencies is important. Low fre-
quencies (about  ≤ 3 MHz) better penetrate tissues, but 
high frequencies (approx. >5 MHz) allow for higher spa-
tial resolution. The advantages and drawbacks of the 
high and low frequencies must be considered during the 
examination and used accordingly for the examination 
of deep and superficial parts of the abdominal organs, 
respectively.

  Abdominal organs are generally easier to examine 
during a breath-hold, and it is often advantageous to 
place the patient in different positions on the examina-
tion couch and perform US while the patient is standing 
up or during a Valsalva maneuver. This can be especially 
helpful for the examination of the pancreas, when bowel 
gas, especially in the transverse colon, prevents accurate 
ultrasound penetration.

  Doppler techniques (power Doppler, color-coded 
Doppler) are valuable in order to evaluate the tumor vas-
cularity and are helpful in distinguishing vascular from 
nonvascular tubular structures.

  By dynamic CEUS, the temporal and spatial pattern 
of tumor uptake and washout (in- and outflow) of the 
CM may be evaluated. CEUS may therefore be consid-
ered for localization of NET liver metastases and pNETs. 
By CEUS, liver metastases in the 2- to 3-mm range may 
be readily detected and previously equivocal tumor find-
ings at unenhanced US, or CT, may be characterized. 
CEUS is mandatory when percutaneous radiofrequency 
ablation of liver metastases is considered. A limitation of 
the technique, however, is that the whole liver cannot be 
evaluated by US during all phases of contrast enhance-
ment.

  In case of negative preoperative US in patients with the 
Zollinger-Ellison syndrome, peroperative US is recom-

mended by which the duodenal wall and pancreatic head 
can be explored.

  Image Findings 
 Abdominal ultrasound and CT are complementary ra-

diological methods used to diagnose pNET, liver metas-
tases, lymph node and mesenteric metastases, and US is 
an excellent tool for guiding the biopsy needle to obtain 
a tumor tissue specimen. By US, the bile ducts, the pan-
creatic duct and vessels may be evaluated for dilatation 
and tumor invasion and free fluid in the abdomen and 
pleural spaces may be detected. Intestinal tumors are 
rarely detected but are occasionally seen as a low echo-
genic wall thickening or polypoid tumor, which is well 
vascularized. A large locally advanced intestinal NET in-
filtrating the surrounding tissues is more easily detected. 
The ability of US to differentiate an adenocarcinoma of 
the colon from a NET is poor.

  A pNET is typically a low echogenic and hypervascular 
lesion. As with CT and MRI, the local extent of the tumor 
should be assessed. The relation of the pNET to the pan-
creatic duct and the common bile duct should be deter-
mined as well as any encasement or invasion of the splen-
ic vein and the superior mesenteric artery and vein.

  Mesenteric metastases from an SI-NET and mesenter-
ic and retroperitoneal lymph node metastases are seen as 
low echogenic masses. The desmoplastic reaction, which 
by CT and MRI is a characteristic feature of a mesenteric 
metastasis from an SI-NET, cannot be detected by US.

  NET liver metastases cannot be differentiated from 
any other type of liver metastases. Small (<1 cm) metas-
tases generally appear as low echogenic rounded lesions, 
whereas large (>1 cm) metastases usually are highly echo-
genic with a low echogenic halo and may have central low 
echogenic necrosis. These lesions often appear hypervas-
cular by Doppler techniques and CEUS. In patients with 
fatty infiltration of the liver, resulting in a high echogenic 
normal parenchyma, the NET metastases may instead ap-
pear low echogenic.

  Documentation and Reporting of Results 
 The documentation and reporting of results by US is 

similar to that of CT and MRI. However, for therapy 
monitoring, the reported lesion sizes by US are generally 
difficult to compare with those measured by CT and MRI. 
This is because the size of the lesions, according to RE-
CIST, is measured regularly in the transaxial CT and MRI 
images. By US, these tumors are instead measured in un-
defined anatomical imaging planes, usually the one in 
which the lesions appear largest. Also, it is generally dif-
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ficult to assess the overall tumor load in patients with ex-
tensive disease by US. For example, tumor assessment in 
a patient in whom the normal liver is almost entirely re-
placed by metastases is generally unreliable by US. There-
fore, US is not employed for initial diagnosis or therapy 
monitoring in clinical trials (except to evaluate superficial 
tumor lesions as an adjunct to estimating the lesion size 
by palpation). However, in the clinical setting, US is an 
excellent method for diagnosis and characterization of 
NETs. Since CT and US are complementary imaging 
methods, they may be used advantageously as alternating 
modalities for therapy monitoring in order to decrease 
the radiation dose to the patient, particularly to those who 
are young and have a long life expectancy.

  Nuclear Medicine and Hybrid Imaging 
 Somatostatin Receptor Imaging 
 The value of somatostatin receptor imaging to assess 

the somatostatin receptor status of the patients’ tumors 
is twofold: firstly, somatostatin receptor scintigraphy 
(SRS) and, even more so, PET/CT using  68 Ga-labeled so-
matostatin analogs (i.e.  68 Ga-DOTA-TOC/TATE/NOC), 
generally reveal several additional metastases compared 
to conventional radiological methods (CT/MRI)  [6, 95–
97] (Fig. 16–18). Secondly, demonstration of sufficient
somatostatin receptor expression in the tumors makes
the patient eligible for peptide receptor radionuclide
therapy.

  Somatostatin is a regulatory peptide widely distributed 
in the human body, particularly in the central and periph-
eral nervous system, in the endocrine glands, in the im-
mune system, and in the gastrointestinal tract. In all these 
tissues, somatostatin action is mediated through mem-
brane-bound receptors, of which 5 subclasses have been 
cloned (sst1–sst5)  [96, 98] . They all belong to the family 
of G-protein-coupled receptors. Only sst2, sst5 and, to 
some extent, sst3 have a high affinity for the commercial-
ly available synthetic octapeptide octreotide  [99] . Soma-
tostatin receptors are expressed in several normal human 
tissues, including the brain, pituitary, gastrointestinal 
tract, pancreas, thyroid, spleen, kidney, immune cells, 
vessels, and peripheral nervous system  [100–103] .

  Somatostatin receptors have been identified in vitro 
in a large number of human neoplasias. A high incidence 
and density of somatostatin receptors are found particu-
larly in gatroenteropancreatic NETs, bronchopulmona-
ry carcinoids, pituitary adenoma, pheochromocytoma, 
paraganglioma, neuroblastoma, medullary thyroid can-
cer, and small cell lung carcinoma  [104] . Tumors of the 
nervous system including meningioma and medullo-

blastoma also very often express a high density of soma-
tostatin receptors. Additionally, tumors not known to 
classically originate from endocrine or neural cells, such 
as lymphoma, breast cancer, renal cell cancer, hepatocel-
lular cancer, prostate cancer, sarcoma and gastric cancer, 
can express somatostatin receptors. In the majority of 
these tumors, the sst2 receptor subtype is predominantly 
expressed both when studied with receptor autoradiog-
raphy or at the gene expression level, although low 
amounts of other somatostatin receptor subtypes may be 
concomitantly present  [105, 106] . The expression of so-
matostatin receptors is not a tumor-specific characteris-
tic and selected nontumoral lesions may express soma-
tostatin receptors, for instance, active granulomas in sar-

a

b

  Fig. 16.   a   68 Ga-DOTATOC-PET/CT. Transverse i.v. contrast-en-
hanced CT in the arterial phase showing a hypervascular pan-
creatic NET in the ventral aspect of the pancreatic body.  b   68 Ga-
DOTATOC-PET/CT fusion image showing a high tracer uptake 
in the tumor.           
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coidosis and inflamed joints in active rheumatoid 
arthritis  [107] .

  With increasing proliferation (Ki-67), cellular soma-
tostatin receptor expression generally decreases and con-
sequently so does tumor uptake on somatostatin recep-
tor imaging  [108, 109] . The situation is usually the re-
verse for metabolic imaging by  18 FDG-PET/CT with 
lesions generally becoming more  18 FDG avid with in-
creasing proliferation. For visualization of higher-grade 
NETs, and especially neuroendocrine cancers,  18 FDG-

PET/CT may therefore be preferred if lesion detection is 
required. Studies on patients undergoing both soma-
tostatin receptor imaging and  18 FDG-PET/CT show the 
methods to be complementary and increase the sensitiv-
ity  [109, 110] . Because of financial restraints, this optimal 
dual nuclear imaging strategy is applied only in a few 
centers.

  Interestingly, recent studies have shown that some of 
the low-grade NETs also are  18 FDG avid and, conse-
quently tumor uptake of  18 FDG has been shown to be of 
value to predict prognosis  [111, 112] .

  The mainstay for somatostatin receptor imaging has 
for long been SRS using  111 In-pentetreotide (Oc-
treoscan TM ) (Fig. 19). However, PET/CT with  68 Ga-la-
beled somatostatin analogs ( 68 Ga-SSA) has replaced SRS 
as the method of choice in an increasing number of cen-
ters because of greater diagnostic accuracy and lower ra-
diation dose.  68 Ga-SSA-PET/CT also offers better patient 
convenience since imaging may be performed 60 min af-
ter injection compared to SRS, which is performed 24 h 

a

b

  Fig. 17.   a   68 Ga-DOTATOC-PET/CT. Transverse i.v. contrast-en-
hanced CT in the arterial phase showing hypervascular liver me-
tastases from a pancreatic NET.  b   68 Ga-DOTATOC-PET/CT 
showing a high tracer uptake in the liver metastases in the ventral 
aspect of the liver and showing additional small liver metastases 
(arrows). Bilaterally the tracer uptake in the kidneys is also appar-
ent as in the physiological tracer accumulation in the left adrenal 
(short arrow).           

  Fig. 18.     68 Ga-DOTATOC-PET/CT maximum intensity projection 
volume showing multiple bone metastases, liver metastases and 
abdominal lymph node metastases in a patient with pancreatic 
NET (resected). Note that the lymph node metastases are very 
small similar to many of the bone metastases that were not diag-
nosed at CT.               
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after injection of  111 In-pentetreotide. Additionally, image 
acquisition times are shorter, increasing patient comfort. 
Imaging after injection of  99m Tc-labeled somatostatin an-
alogs may similarly be performed the same day  [113] , but 
the preparation has limited availability in many European 
countries.

  Apart from visualizing the somatostatin receptors, nu-
clear medicine procedures allows for in vivo imaging of 
other biological processes, some of which have been pro-
posed for NETs  [114] . One of these clinically available 
tracers for PET/CT is  18 F-DOPA. This agent has been re-
ported to provide high-image quality and to be superior 
to Octreoscan TM  and FDG-PET/CT, especially for SI-
NETs  [115] . However,  18 F-DOPA-PET/CT does not pro-
vide information on receptor expression and there are 
some practical disadvantages compared to  68 Ga-SSA-
PET/CT, such as high cost and higher radiation dose to 
the patient. Also, in head-to-head comparisons with 
 68 Ga-SSA-PET/CT, fewer tumors were detected by PET/
CT with  18 F-DOPA than with  68 Ga-SSA although the pa-
tient-based results were similar  [116, 117] . For insulino-
ma, particularly the benign variant with often low soma-
tostatin receptor expression, agents that bind to the glu-
cagon-like peptide receptor-1 have recently been shown 
to be highly sensitive  [118] .

  Sensitivity, Specificity and Detection Rates 
 According to recent studies the sensitivity of  111 In-

pentetreotide scintigraphy (including SPECT) for NET 
detection in general is 60–80%  [97, 119, 120]  and the 
specificity 92–100%  [119–122] . Imaging results of SRS for 
various NET subtypes are listed in  Table 4 .

  NET imaging results of PET/CT with different  68 Ga-
DOTA-SSAs show small variations in comparative trials 
 [123, 124] . Four recent meta-analyses, with overlapping 
studies, on PET and PET/CT with  68 Ga-DOTA-SSAs 
have for NET detection shown mean sensitivities and 
specificities ranging between 88 and 93 and between 88 
and 95%, respectively, detailed in  Table 5   [125–128] . As 
discussed above,  18 FDG is generally better taken up in 
high-grade than in low-grade NETs and the imaging yield 
therefore depends on the ratios of NETs with respective 
tumor grades within the examined patient group. The 
sensitivity of  18 FDG-PET/CT for NET detection ranges 
from 37 to 72%  [109–111, 129, 130] .

  Hard- and Software Requirements 
 A gamma camera usually utilizes 2 sets of gamma de-

tectors in front of and behind the patient, respectively. 
The detectors are moved along the patient, stepwise or 
through a very slow continuous motion, to acquire planar 
images (anterior and posterior views). Additionally, the 

 Table 4. Data in the literature on the detection rate for
NET diagnosis by somatostatin receptor scintigraphy using
111In-pentetreotide

Detection 
ratea

Tumor type Ref.

High >75% Primary gastroenteropancreatic NETs 14
Gastrinomas 15, 16
Nonfunctioning pancreatic NETs 17, 18
Functioning pancreatic NETs except

insulinoma 17, 18
Carcinoids 19–22
Paragangliomas 23–25
Small cell lung cancer 26–29
Meningiomas 30, 31

Intermediate
40–75%

Insulinomas 17, 35
Medullary thyroid carcinoma 36–38
Differentiated thyroid carcinoma

(including Hürthle cell carcinoma) 39–41
Pheochromocytoma 45

a Detection rate is patient- and lesion-based.

  Fig. 19.  Somatostatin receptor scintigraphy; transversal SPECT/
CT fusion image 24 h after injection of Octreoscan TM  showing a 
high tracer uptake in the pancreatic NET in the tip of the pancre-
atic tail.                   
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detectors are rotated stepwise around the patient to pro-
duce SPECT images. Usually, SPECT includes either the 
abdomen or the thorax, but sometimes both, depending 
on the imaging needs and hardware features. Recent gam-
ma cameras also include a CT unit by which a fully diag-
nostic CT may be performed (SPECT/CT). The introduc-
tion of SPECT/CT has increased the diagnostic yield and 
the readers’ confidence, similarly to that shown for PET/
CT compared to stand-alone PET, and is therefore rec-
ommended. SRS is generally performed 24 h after  111 In-
pentetreotide injection and includes planar imaging (an-
terior and posterior views) and SPECT/CT. Early acquisi-
tion at 4 h following injection may also be performed but 
has been abandoned in many departments due to the re-
sulting inconvenience for patients and because it seldom 
obviates the need for delayed imaging. Similarly, 48-h im-
ages were previously acquired in order not to confuse 
bowel radioactivity with tumor lesions, but with SPECT/
CT hybrid imaging, this is only rarely necessary. SPECT 
images are generally also reconstructed as maximum in-
tensity projection volumes and MPRs in the transversal, 
coronal and sagittal planes. With hybrid scanners, SPECT/
CT overlays (fusion images) are generally also produced 
in the transversal, coronal and sagittal planes.

  The PET/CT scanner resembles a CT scanner with a 
bed for the patient but with a longer tunnel (gantry). Usu-
ally, the CT unit is placed in the front and the detector 
rings in the posterior part of the gantry. The examination 
generally starts with a CT overview (“scout view”) with 
the X-ray tube in a fixed position in the gantry to produce 
a frontal and sometimes also a lateral view. On this over-

view, the respective fields of view for the CT and PET ex-
aminations are indicated. Because of the 15- to 20-cm de-
tector ring coverage, the bed of the scanner is moved step-
wise through the gantry and the PET acquisition is 
performed 2–3 min per “bed position” to generally in-
clude from the proximal thighs to the base of the scull.

  In general, PET/CT is performed using a protocol 
comprising a scanogram/scout view/topogram, a low-
dose CT for attenuation correction (CT-AC) and a stan-
dard diagnostic CT examination during i.v. contrast en-
hancement; CT is acquired while the patient continues 
tidal breathing, because deep inspiration will result in 
misregistration with PET and may introduce unaccept-
able artifacts. When a diagnostic CT is not warranted, the 
CT-AC is optimally performed with a somewhat higher 
radiation dose to enable anatomical correlation of the 
PET findings (apart for attenuation correction). This CT 
can provide the noncontrast component of a subsequent 
contrast-enhanced study focused on the pancreas or liver 
as indicated the clinical setting and findings on PET. 
When performed as a stand-alone investigation, acquisi-
tion of a fully diagnostic CT is preferred unless contrain-
dicated (kidney impairment, intolerance to CM) or re-
cently performed (last 3–4 weeks). Thus, for CT in the 
framework of PET/CT and SPECT/CT, similar protocols 
as for stand-alone diagnostic CT are preferred (please see 
the CT section), applying scan parameters to minimize 
patient radiation exposure. The diagnostic i.v. contrast-
enhanced CT is not regularly used for attenuation correc-
tion because high intravascular (and sometimes intesti-
nal) concentrations of CM may cause artefacts in the re-

 Table 5. 68Ga-DOTA-somatostatin analog PET/CT diagnosis of NETs

Type of NET Mean sensitivity Mean specificity Patients/studies Ref.

NETs all types 92 (64 – 100) 88 (50 – 100) 416/10 125
NETs all types 92 (64 – 100)

95 (83 – 100)
2,078/21
1,776/8

126

NETs all types 88 (70 – 100) 2,105/22 127
NETs all types 93 (72 – 100)

90 (67 – 100)
567/16
325/6

128

Duodenopancreatic NETs 92 83 19/1 126
Gastrinomas 68 21/1 126
NET CUP 52 (36 – 60) 93/3 126
Bone metastases 97 – 100 92 – 100 95/2 126

Data in the literature on the sensitivity, specificity and detection rate for NET diagnosis by PET/CT with
68Ga-DOTA-somatostatin analogs. CUP, cancer with unknown primary tumor site. Figures are percentages with 
ranges in parentheses unless indicated otherwise.



 Sundin    et al.Neuroendocrinology 2017;105:212–244
DOI: 10.1159/000471879

236

constructed PET images following CT attenuation 
correction and, acceptable thus, affect quantification and 
should therefore follow PET acquisition. Some centers, 
however, consider that CT in the venous phase is accept-
able for attenuation correction and refrain from a sepa-
rate CT-AC  [131] .

  The PET/CT images are regularly reconstructed in the 
transverse, coronal and sagittal planes and also as PET/
CT fusion images in these planes. Image reading requires 
a computer software that is generally supplied by the 
gamma camera or PET/CT vendor. Some of these com-
puter softwares include functions to handle transverse 
SPECT, PET and CT image volumes and display them as 
MPRs and SPECT/CT and PET/CT fusions, respectively, 
and do not require previous image preparation at the 
scanner. Similar functions are incorporated in some pic-
ture archiving and communication systems workstation 
software.

  Patient Information, Preparation and Precautions 
 The question of either stopping or continuing soma-

tostatin analog medication before somatostatin receptor 
imaging is currently under debate. There are published 
data showing increased tumor uptake and decreased nor-
mal tissue uptake of  68 Ga-DOTATOC by i.v. injection of 
octreotide in connection with PET/CT  [132] . The quality 
of  68 Ga-DOTATOC-PET/CT was also found to be unaf-
fected by somatostatin analog medication before the ex-
amination  [133] . There is therefore no need to stop short-
acting somatostatin analog medication if required for 
symptom control. However, in patients receiving long-
acting preparations, somatostatin receptor imaging 
should be scheduled shortly before the next injection. If 
needed, the patient may switch to a short-acting soma-
tostatin analog during this interval.

  To reduce radiation exposure, patients should be well 
hydrated before and for at least 1 day after injection. A mild 
oral laxative is advised before SRS, especially when the ab-
domen is the area of interest, and may be administered the 
evening before  111 In-pentetreotide injection and the eve-
ning after injection. Laxatives are not required before PET/
CT and usually not when SPECT/CT is available. There is 
no need for fasting prior to somatostatin receptor imaging, 
but before  18 FDG-PET/CT at least 4 h and optimally 6 h of 
fasting period is recommended. The feasibility of the ex-
amination procedure in patients on hemodialysis (with 
imaging after dialysis) should be discussed with local ne-
phrologists and radiation protection experts.

  Precautions need to be taken in patients suspected of 
having insulinoma, for whom an i.v. infusion of glucose 

should be available because of the potential for inducing 
severe hypoglycemia. Neither  111 In-pentetreotide nor 
PET tracers should be injected into central i.v. lines or 
together with solutions for total parenteral nutrition. The 
usual precautions and considerations for nuclear medi-
cine investigations in pregnant or breastfeeding women 
apply.

  Information Provided by the Clinician 
 A relevant history of the type of suspected or known 

primary tumor, its hormonal activity, the results of other 
imaging studies (CT or MRI), laboratory results (tumor 
markers), history of recent surgery, chemotherapy, radia-
tion therapy, and somatostatin analog therapy should be 
obtained. In the case of a hybrid (SPECT/CT, PET/CT) 
examination, information on the patient’s kidney func-
tion (serum creatinine) and history of previous CM-relat-
ed adverse events is required.

  Examination Technique and Image Acquisition 
 The recommended administered activity of  111 In-pen-

tetreotide (Octreoscan TM ) is 185–222 MBq (5–6 mCi) in 
adults and 5 MBq/kg (0.14 mCi/kg) in children. The 
amount of pentetreotide injected is 10–20 μg and is not 
expected to have a clinically significant pharmacological 
effect. Before the administration of  111 In-pentetreotide, 
the labeling yield of the radiopharmaceutical should be 
tested according to the manufacturer’s instructions. The 
radiopharmaceutical should be used within 6 h of prepa-
ration.

  Planar scintigraphy images are acquired using a large 
field-of-view gamma camera fitted with a medium-ener-
gy collimator. Symmetrical 20% energy windows are cen-
tered over both photopeaks of  111 In (173 and 247 keV) 
and the data from both windows are added. Planar local-
ized images of the head, chest, abdomen, pelvis, and, if 
needed, the extremities can be acquired for 10–15 min/
image. For whole-body images using a dual-head camera, 
acquisition should be for a minimum of 30 min (head to 
upper femurs) and longer for the entire body (e.g., a speed 
of up to 3 cm/min has been suggested) in a single pass. 
Since cervical lymph node metastases may be missed on 
the whole-body images, additional planar localized im-
ages of the head and neck, including lateral views, are sug-
gested unless SPECT/CT is available.

  SPECT/CT imaging of the appropriate regions, as in-
dicated based on the clinical history, should be performed 
preferably with a multidetector gamma camera 24 h after 
injection. Although imaging systems may vary, an exam-
ple of potentially useful acquisition parameters for a mul-
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tidetector system is the following: 3° angular sampling, 
128 × 128 matrix, 360° rotation, and 20–30 s/stop. The 
SPECT/CT acquisition usually takes approximately 35–
45 min and about twice this time when both abdomen 
and thorax are included.

   68 Ga-DOTA-TOC/TATE/NOC is administered i.v. 
(approximately 2 MBq/kg body weight) as a bolus and 
PET/CT examination is performed 60 min after injection. 
The highest NET uptake of  68 Ga-DOTATOC was regis-
tered approximately 70 min following injection  [6] , which 
indicates that the optimal imaging time point is approxi-
mately 60 min following injection when allowing for a 
compromise between lesion uptake and statistical quality, 
which decreases fairly rapidly due to the short half-life of 
 68 Ga. Logistic issues posed by this short half-life has led 
some departments to use a 30-min uptake interval in or-
der to increase the patient throughput from each tracer 
synthesis.

  Approximately 4 MBq/kg body weight of  18 FDG is ad-
ministered as a bolus and PET/CT is performed after 60 
min. This activity may vary in case of obese patients or in 
anticipation of delayed imaging. The blood glucose level 
must be measured prior to administering  18 FDG. Al-
though efforts should be made to decrease blood glucose 
to a physiological level, hyperglycemia should not repre-
sent an absolute contraindication for performing the 
study  [131] . In particular, for clinical studies: if the plas-
ma glucose level is <11 mmol/L (or  ≤ 200 mg/dL), the 
 18 FDG-PET/CT study can be performed.

  If the plasma glucose level is  ≥ 11 mmol/L (or >200 mg/
dL), the  18 FDG-PET/CT study should be rescheduled. 
The following recommendations apply to patients with 
diabetes mellitus:
  1. Type II diabetes mellitus (controlled by oral medica-

tion): 
 • The  18 FDG-PET/CT study should preferably be per-

formed in the late morning 
 • Patients must comply with the fasting rules indicated 

above 
 • Patients continue to take oral medication to control 

their blood sugar. Metformin should be discontinued 
at the time of the procedure and withheld for 48 h sub-
sequent to the procedure if intravenous contrast is ad-
ministered 

2.  Type I diabetes mellitus and insulin-dependent type II 
diabetes mellitus: ideally, an attempt should be made 
to achieve normal blood glucose values prior to  18 FDG-
PET/CT, in consultation with the patient and his/her 
attending medical doctor. There are three options for 
scheduling the  18 FDG-PET/CT study: 

 • It can be scheduled for late morning or mid-day. In 
this case, the patient should eat a normal breakfast by 
early morning (around 7:   00 a.m.) and inject the nor-
mal amount of insulin. Thereafter, the patient should 
not consume any more food or fluids, apart from the 
prescribed amount of water 

 • It can be scheduled for early morning. The presence of 
long-acting insulin administered the evening before 
should not interfere with the  18 FDG-PET/CT study 
and blood glucose will likely still be under control. The 
patient should eat a normal breakfast after the  18 FDG-
PET/CT study and inject the normal amount of insulin 

 • In the case of patients on continuous insulin infusion, 
if possible the  18 FDG-PET/CT study should be sched-
uled early in the morning. The insulin pump is kept on 
the “night setting” until after the  18 FDG-PET/CT 
study. The patient can have breakfast after the  18 FDG-
PET/CT study 
 As previously stated, a diagnostic i.v. contrast-en-

hanced CT examination is recommended together with 
PET/CT and filling of the bowel is therefore started 1 h 
before examination during which the patients drinks 800 
mL of tap water. Patients should void immediately before 
PET/CT. PET acquisition (both  68 Ga-DOTA-TOC/
TATE/NOC and  18 FDG) is performed in 3D and gener-
ally includes from the base of the skull to the proximal 
thighs and 3-min acquisition per bed position. The PET/
CT examination time is approximately 20 min including 
diagnostic i.v. contrast-enhanced CT using similar proto-
cols as for stand-alone CT.

  Radiation Dose 
  111 In-pentetreotide is cleared rapidly from the blood. 

Excretion is almost entirely through the kidneys (50% of 
the injected dose is recovered in the urine by 6 h, 85% 
within 24 h). Hepatobiliary excretion is only about 2% of 
the administered dose. The effective dose is 0.054 mSv/
MBq. For a full patient dose of 222 MBq, this is 12 mSv.

   68 Ga-DOTATOC-SSAs are excreted through the kid-
neys. The radiation dose from  68 Ga-DOTATOC/TATE 
to a 70-kg patient is approximately 2.9 mSv (effective dose 
for  68 Ga-DOTATOC/TATE = 0.021 mSv/MBq)  [124, 
134] . The coefficient for effective dose from  18 FDG in 
adults is 0.019 mSv/MBq  [135] , i.e., about 3.5 mSv for an 
administered activity of 185 MBq. The radiation exposure 
related to CT, carried out as part of PET/CT or SPECT/
CT, is with modern hybrid systems similar to that of 
stand-alone CT scanners (please see the CT section). 
When a recent diagnostic CT/MRI already is available, a 
low-radiation-dose CT examination is sufficient for at-
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tenuation correction and anatomical correlation of the 
PET and SPECT findings, with an approximate 2 mSv ef-
fective dose.

  Image Findings 
 Normal tissue distribution on somatostatin receptor 

imaging is found in the anterior pituitary, thyroid and 
spleen, due to receptor binding. Uptake in the kidneys is 
for the most part due to reabsorption of the radiolabeled 
peptide in the renal tubular cells after glomerular filtra-
tion. High activity concentrations are found in the uri-
nary collective system and in the urinary bladder. The 
bowel is usually visualized to varying degrees. Hepatobi-
liary clearance of  111 In-pentetreotide into the bowel also 
occurs, necessitating the use of laxatives in order to fa-
cilitate the interpretation of abdominal images although, 
as pointed out previously, the regular use of SPECT has 
reduced this interpretation problem.

  False-positive results of SRS have been reported. In 
virtually all cases, the term “false-positive” is a misnomer 
because somatostatin receptor-positive lesions that are 
not related to the pathology for which the investigation is 
performed are present. Many of these have been reviewed 
by Gibril et al.  [136] . The most common of these are list-
ed in  Table 6 .

  Accumulation of  68 Ga-DOTA-SSAs is similar to that 
of  111 In-pentetreotide but also with high physiological ac-
cumulation in the adrenal glands. Also, the uptake in the 
uncinate process of the pancreas may be very high in 
some patients, and is related to the high abundance of 
pancreatic polypeptide (PP) cells in this part of the pan-
creas  [137] . This finding should not be mistaken for a 
pNET in which case morphological correlation of the 
tracer uptake at contrast-enhanced CT/MR is expected.

   18 FDG is accumulated in the brain with a very high 
uptake and is excreted by the kidneys with high radioac-
tivity concentrations in kidney pelvises, ureters and uri-
nary bladder. Physiological uptake is seen in the lym-
phoid tissue of the pharynx, larynx, and variably in the 
myocardium, stomach, segments of bowel, activated 
muscle and brown fat (both typically in the neck).  18 FDG 
is also accumulated in areas of inflammation and infec-
tion, for instance after surgery and external radiation 
therapy.

  Interpretation Criteria and Reporting of Results 
 SRS should, if available, be performed by using hybrid 

imaging (SPECT/CT). Otherwise, SRS evaluation needs 
to be performed in correlation with recent relevant ana-
tomic images (CT/MRI). Knowledge of normal tissue ac-

cumulation patterns of  111 In-pentetreotide,  68 Ga-DOTA-
SSAs and  18 FDG is important for study interpretation.

  In the imaging report, it is recommended to start with 
a procedure description stating the timing of imaging rel-
ative to radiopharmaceutical administration, areas im-
aged and for SRS whether SPECT was performed and, if 
so, its timing and body areas included.

  Study limitations may sometimes be stated. For exam-
ple, some tumors may lack somatostatin receptors or the 
appropriate receptor subtypes and, therefore, escape de-
tection, typically benign insulinomas. Small lesions de-
tected at morphological imaging (CT/MRI) may not ap-
pear receptor-positive because of the limited spatial reso-
lution of the method (SPECT approximately 1.5 cm and 
PET about 0.5 cm). However, smaller lesions with high 
uptake may be detected, especially when located in tissues 
with low physiological tracer accumulation (high tumor-
to-background ratio). Functional image findings should 
be reported in correlation to those of the concomitantly 
performed CT, and vice versa.

  Discussion 

 CT constitutes the basic radiological method for pri-
mary NET diagnosis, staging, and surveillance after sur-
gery and for therapy monitoring. CT is vastly available 
and provides fast and detailed contrast-enhanced imag-
ing of extended body areas (neck-thorax-abdomen-pel-
vis). Because of inadequate morphological criteria (short 

 Table 6. Pitfalls and causes of potential misinterpretation of 
positive results at somatostatin receptor scintigraphy using
111In-pentetreotide

Radiation pneumonitis
Accessory spleen
Focal collection of stools
Surgical scar tissue
Gallbladder uptake
Nodular goiter
Ventral hernia
Bacterial pneumonia
Respiratory infections
Common cold (nasal uptake)
Cerebrovascular accident
Concomitant granulomatous disease
Diffuse breast uptake
Adrenal uptake
Urine contamination
Concomitant second malignant tumor



 Radiological, Nuclear Medicine and 
Hybrid Imaging 

Neuroendocrinology 2017;105:212–244
DOI: 10.1159/000471879

239

axis measurements), characterization of lymph nodes by 
CT is difficult and bone metastases are often missed. CT 
imaging of pNET and metastases to the liver and the brain 
is inferior to that of MRI.

  Dynamic contrast-enhanced MRI of the liver and pan-
creas is therefore preferred, for example in the initial stag-
ing and for the preoperative imaging workup. MRI is also 
preferred for imaging of metastases to the brain and bone. 
MRI is less well suited for the examination of extended 
body areas because of the comparably longer examina-
tion procedure. Recent WB-MRI protocols include dy-
namic contrast-enhanced examination of the liver and 
DWI, but in order not to exceed 1-h examination time, 
the image detail of the WB-MRI is generally not as high 
as with dedicated MRI protocols for the examination of 
more limited parts of the body. MRI may miss small lung 
metastases.

  US frequently provides the initial diagnosis of liver me-
tastases and CEUS is an excellent method to characterize 
liver lesions that remain equivocal on CT/MRI. US is the 
method of choice to guide the biopsy needle for the histo-
pathological NET diagnosis of abdominal lesions. US can-
not visualize lesions in the thorax, brain or bone. CT-guid-
ed biopsy is therefore used for NET lesions in the thorax 
and in bone. EUS is the most sensitive method to diagnose 
pNETs and also allows biopsy. Intraoperative US facilitates 
lesion detection/localization in the pancreas and liver.

  Somatostatin receptor imaging by  68 Ga-DOTA-soma-
tostatin analog PET/CT provides high sensitivity for imag-
ing of most types of NET lesions and should always be a 
part of the tumor staging, preoperative imaging and restag-
ing. SRS should be performed when PET/CT is not avail-
able but is considerably less sensitive. Bone metastases that 
are often missed on CT are much better visualized by  68 Ga-
DOTA-somatostatin analog PET/CT and lymph node me-
tastases that are not possible to characterize on CT/MRI 
may be diagnosed. Visualization of small peritoneal lesions 
and primary SI-NETs is facilitated by  68 Ga-DOTA-soma-
tostatin analog PET/CT.  18 FDG is better suited for PET/CT 
of G3 and high G2 NETs, which generally have higher glu-
cose metabolism and less somatostatin receptor expression 
than the low-grade NETs. Findings of  18 FDG-positive 
NETs at PET/CT indicate worse prognosis.

  Conclusion 

 Accurate imaging of NETs is critical to management 
decisions and should always be tailored to answering rel-
evant clinical questions. These may include suitability for 

surgery, choice of therapy, response to treatment or eval-
uation of symptoms. With a range of modalities that have 
both independent and complementary diagnostic roles, 
the imaging specialist should be aware of the strengths 
and limitations of each in order to be able to recommend 
the best test for the given clinical scenario. It should be 
recognized that sensitivity and specificity results provid-
ed in this article are subject to the intrinsic biases of the 
selection criteria used to enter patients into the study, the 
prevalence of disease in the population studied and the 
variable biology of NETs, which particularly influences 
the performance of molecular imaging techniques, which 
rely on the expression of particularly cell characteristics. 
Whichever test is chosen, attention to detail in study ac-
quisition and interpretation is vital to achieve the best 
possible outcomes. These guidelines are designed to help 
the imaging specialist in achieving these goals but may 
need to be adapted according to local availability, regula-
tions, and experience.

  Appendix 

 Other Antibes Consensus Conference Participants 
 Bartsch, D.K. (Department of Surgery, Philipps University, 

Marburg, Germany); Borbath, I. (Service de Gastroenterologie, 
Cliniques Universitaires St-Luc, Bruxelles, Belgium); Capdevila, J. 
(Vall d’Hebron University Hospital, Teknon Institute of Oncolo-
gy, Barcelona, Spain); Caplin, M. (Neuroendocrine Tumour Unit, 
Royal Free Hospital, London, UK); Chen, Y.-J. (Peking Union 
Medical College Hospital, Chinese Academy of Medical Sciences, 
Beijing, China); Costa, F. (Hospital Sírio Libanês, São Paulo, Bra-
zil); Couvelard, A. (Service de Pathologie, Hôpital Bichat, Paris, 
France); Davies, P. (Neuroendocrine Tumour Unit, Royal Free 
Hospital, London, UK); de Herder, W.W. (Department of Internal 
Medicine, Division of Endocrinology, ENETS Centre of Excel-
lence Rotterdam, Erasmus MC, Rotterdam, The Netherlands); 
Delle Fave, G. (Department of Digestive and Liver Disease, Osped-
ale Sant’Andrea, Rome, Italy); Falkerby, J. (Deptartment of Endo-
crine Oncology, Uppsala University Hospital, Uppsala, Sweden); 
Ferone, D. (Department of Endocrine and Metabolic Sciences, 
University of Genoa, Genoa, Italy); Garcia-Carbonero, R. (Medical 
Oncology Department, Hospital Universitario Doce de Octubre, 
Madrid, Spain); Grozinsky-Glasberg S. (Neuroendocrine Tumor 
Unit, Endocrinology and Metabolism Service, Department of 
Medicine, Hadassah-Hebrew University Medical Center, Jerusa-
lem, Israel); Gorbunova, V. (Department of Oncology, Institution 
of Russian Academy of Medical Sciences, Moscow, Russia); Gross, 
D. (Department of Endocrinology and Metabolism, Department 
of Medicine, Hadassah-Hebrew University Medical Center, Jeru-
salem, Israel); Grossman, A. (Oxford Centre for Diabetes, Endo-
crinology and Metabolism, Churchill Hospital, Oxford, UK); 
Hörsch, D. (Gastroenterology and Endocrinology Center for Neu-
roendocrine Tumors Bad Berka, Bad Berka, Germany); Tiensuu 
Janson, E. (Deptartment of Endocrine Oncology, Uppsala Univer-
sity Hospital, Uppsala, Sweden); Jensen, R.T. (Digestive Diseases 
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Branch, NIH, Bethesda, MD, USA); Kaltsas, G. (Department of 
Pathophysiology, Division of Endocrinology, National University 
of Athens, Athens, Greece); Knigge, U. (Neuroendocrine Tumor 
Center of Excellence, Rigshospital, Copenhagen University Hos-
pital, Copenhagen, Denmark); Kos-Kudla, B. (Department of En-
docrinology, Medical University of Silesia, Katowice, Poland); 
Kulke, M.H. (Dana-Farber Cancer Institute, Harvard Medical 
School, Boston, MA, USA); Niederle, B. (Department of Surgery, 
Medical University of Vienna, Vienna, Austria); Nieveen van Dij-
kum, E.J.M. (Department of Surgery, Academic Medical Center, 
Amsterdam, The Netherlands); Öberg, K. (Department of Medical 
Sciences, Endocrine Oncology Unit, University Hospital, Uppsala, 
Sweden); Pape, U.-F. (Department of Hepatology and Gastroen-
terology, Campus Virchow Klinikum, Charité Universitätsmed-
izin Berlin, Berlin, Germany); Pascher, A. (Department of Surgery, 
Charité Universitätsmedizin Berlin, Berlin, Germany); Pavel, M. 
(Department of Hepatology and Gastroenterology, Campus Vir-

chow Klinikum, Charité Universitätsmedizin Berlin, Berlin, Ger-
many); Perren A. (Institute of Pathology, University of Bern, Swit-
zerland); Ramage, J. (Gastroenterology Department, Hampshire 
Hospitals NHS Trust, Hampshire, UK); Reed, N. (Beatson Oncol-
ogy Centre, Gartnavel General Hospital, Glasgow, UK); Rindi, G. 
(Institute of Anatomic Pathology, Policlinico A. Gemelli, Univer-
sità Cattolica del Sacro Cuore, Rome, Italy); Rinke, A. (Division of 
Gastroenterology and Endocrinology, University Hospital Mar-
burg [UKGM], Marburg, Germany); Ruszniewski, P. (Department 
of Gastroenterology, Beaujon Hospital, Clichy, France); Scoazec, 
J.-Y. (Services de Pathologie Morphologique et Moléculaire, 
Département de Biologie et Pathologie Médicales, Gustave Roussy 
Cancer Campus, Villejuif, France); Sorbye, H. (Department of On-
cology, Haukeland University Hospital, Bergen, Norway); Toump-
anakis, C. (Neuroendocrine Tumour Unit, Royal Free Hospital, 
London, UK); Welin, S. (Department of Medical Sciences, Endo-
crine Oncology, Uppsala University, Sweden).
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need to undergo surgery should also undergo preoperative 
evaluation by an expert cardiologist. Treatment with long-
acting somatostatin analogs aims at controlling the exces-
sive hormonal output and symptoms related to the carci-
noid syndrome and at preventing a carcinoid crisis during 
interventions. Patients with a gastrinoma require pre- and 
postoperative treatment with high doses of proton pump 
inhibitors. Patients with a glucagonoma require somatosta-
tin analog treatment and nutritional supplementation. Pa-
tients with a VIPoma also require somatostatin analog treat-

 Keywords 
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Carcinoid heart disease 

 Abstract 

 Neuroendocrine tumors of the small intestine are the most 
common causes of the carcinoid syndrome. Carcinoid heart 
disease occurs in more than half of the patients with the car-
cinoid syndrome. Patients with carcinoid heart disease who 
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ment and intravenous fluid and electrolyte therapy. Insuli-
noma patients generally require intravenous glucose 
infusion prior to operation. In patients with localized oper-
able insulinoma, somatostatin analog infusion should only 
be considered after the effect of this therapy has been elec-
tively studied.  © 2017 The Author(s)

Published by S. Karger AG, Basel 

 Introduction 

 Preoperative Diagnostic Procedures 
 Prior to surgery or other interventional treatment in 

patients with neuroendocrine tumors (NET), the tumor 
type and hormone production must be assessed in order 
to provide appropriate treatments as well as to avoid life-
threatening crises that may occur due to the presence of 
hormonal syndromes associated with some of these tu-
mors  [1] . In addition, the presence of any triggering fac-
tors should be determined.

  A low threshold for further cardiac workup should be 
utilized in patients with the carcinoid syndrome, employ-
ing NT-proBNP measurements and echocardiography, 
or cardiac magnetic resonance imaging, since the report-
ed incidence of different grades of cardiac involvement 
could be as high as 50%  [2] . However, more recent studies 
suggest that the prevalence of carcinoid heart disease 
(CHD) has decreased during the last decades to about 
20%, probably due to the use of somatostatin analogs  [3] . 

  Carcinoid Syndrome: Pre- and Perioperative Therapy 

 Carcinoid Syndrome 
 NET of the small intestine are the most common 

causes of the carcinoid syndrome that occurs in 20–30% 
of patients with liver metastases from these NET. The 
classical (typical) carcinoid syndrome is usually charac-
terized by cutaneous flushing, gut hypermobility with di-
arrhea and bronchospasm with wheezing and shortness 
of breath  [4] . The syndrome is occasionally also encoun-
tered in patients with large lymph nodes, peritoneal, 
ovarian lesions (primary or metastases) or bronchial car-
cinoids, where secretory products exceed the capacity of 
inactivation by the liver, or bypass the liver being released 
directly into the systemic circulation  [5, 6] . Preoperative-
ly, patients with small intestinal NET need to be carefully 
evaluated and treated for manifestations of the carcinoid 
tumor, paying particular attention to reveal previously 
unnoticed diarrhea or flushing, and incipient CHD, and 

in such cases protective actions should be taken to pre-
vent a carcinoid crisis during surgery  [7, 8] . Patients with 
or without carcinoid syndrome may present with large 
desmoplastic fibrotic reactions of the peritoneum usually 
around the involved lymph nodes, which may cause ob-
structive associated symptoms.

  Preoperative Fluid Electrolyte, Vitamin, and Protein 
Abnormalities 
 Diarrhea in patients with carcinoid syndrome may 

cause dehydration, electrolyte abnormalities, and hypo-
proteinemia  [7, 8] . In the presence of carcinoid syndrome, 
the essential amino acid tryptophan is converted to sero-
tonin, leaving inadequate amounts of tryptophan for con-
version to niacin and proteins, which contributes to hy-
poproteinemia  [8] . Niacin deficiency may cause pellagra, 
with dermatitis, diarrhea, and dementia  [9] . In addition, 
deficiencies of other fat-soluble vitamins, following prior 
treatment with somatostatin analogs, should be looked 
for and adequately substituted  [10] . Patients with severe 
diarrhea, weight loss and hypoproteinemia require par-
enteral nutrition with adequate supplementation before 
surgery is undertaken.

  Carcinoid Heart Disease 
 CHD occurs in more than half of the patients with car-

cinoid syndrome, with serotonin being an important me-
diator  [11–13] . However, it can remain undiagnosed as 
shown in a recent study of 150 patients with carcinoid 
syndrome, of whom 37% with CHD exhibited no physical 
signs  [14] .

  Fibrotic plaques affect the valves and cavities of the 
right ventricle, with thickening of valvular leaflets and 
shortening of the chordae tendineae, resulting in tricus-
pid regurgitation and pulmonary stenosis. Tricuspid 
valves have been affected in 95% of patients, while pulmo-
nary valves have been less frequently involved. Left-sided 
valvular lesions are rare because mediators are cleared or 
inactivated in the lungs before reaching the left side of the 
heart, but can occur due to patent foramen ovale, lung 
tumors or overwhelming disease. Concomitant mitral 
and aortic regurgitation has occasionally been demon-
strated  [12, 13] . A 5-hydroxyindoleacetic acid (5-HIAA) 
level of  ≥ 300 μmol/24 h and  ≥ 3 episodes of flushing per 
day are considered to be independent predictors of the 
development or progression of CHD  [3] . It has recently 
been suggested that plasma 5-HIAA measurements could 
also serve as an additional tumor marker that could po-
tentially ameliorate the need of urinary 5-HIAA measure-
ments  [15] .
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  Diagnosis of CHD is difficult, and cardiac symptoms 
do not appear until late stages of the disease. Diagnosis of 
CHD requires 2-dimensional echocardiography and 
Doppler examination to assess the severity of valvular ste-
nosis and regurgitation (CHD guidelines)  [13] . More-
over, NT-proBNP has been shown to exert a high sensi-
tivity and specificity (87 and 80%, respectively) in pre-
dicting CHD and it has also been shown to correlate with 
patient survival  [16] . Severe tricuspid regurgitation also 
strongly correlates with poor survival in patients with car-
cinoid syndrome.

  In patients with carcinoid valvular heart disease, mor-
bidity from abdominal operation is markedly increased. 
CHD poses 2 distinct challenges for the anesthesiologist: 
carcinoid crisis and low cardiac output syndrome second-
ary to right ventricular failure  [17] . Patients may have in-
cipient cardiac failure and be poor candidates for surgery, 
or they may fail to recover after operation. Moreover, 
right-sided heart failure increases central venous pressure 
and may markedly increase the risk of bleeding, from he-
patic veins, especially during liver surgery  [13] . Echocar-
diography should be done in all patients with the carcinoid 
syndrome, and patients with moderate CHD should al-
ways be discussed with cardiologists before surgery. In 
case of significant heart disease, a cardiothoracic surgical 
evaluation and possible surgical valvular replacement may 
be required before major abdominal operation  [13, 17, 18] .

  Reconstructive valve replacement surgery has been re-
ported to be of obvious value for patients with advanced 
heart disease and right ventricular failure, with low mor-
tality in young patients but high risk in patients older than 
60 years of age  [11, 19, 20] . However, in a recent meta-
analysis, age was not found to be a contributing factor of 
higher mortality  [21] . During cardiac surgery, risks for 
carcinoid crisis may be high because patients often re-
quire vasoactive medication to support the circulatory 
system, which may trigger carcinoid crisis  [2] . In a series 
of 22 patients who underwent valve replacement, 4 died 
within 30 days postoperatively and in 1 of them carcinoid 
crisis was the main cause of death  [3] . There is still con-
troversy regarding the use of vasoconstrictor amines in 
case of hypotension as there are several reports in favor 
of and against their use  [7, 8, 19] . However, approximate-
ly 90% of 11 patients who underwent valvular replace-
ment and received inotropic agents to wean them off, car-
diopulmonary bypass did not experience any symptom-
atic exacerbation while being on concomitant octreotide 
cover  [17] . In addition, patients pretreated with long-act-
ing somatostatin analogs required higher doses of octreo-
tide infusions (median 320 vs. 750 μg)  [17] . 

  Carcinoid Crisis 
 Patients with carcinoid syndrome are at risk for devel-

oping a carcinoid crisis during either minor or major   sur-
gery or other types of intervention, such as arterial embo-
lization, radiofrequency ablation, endoscopic procedures, 
diagnostic procedures or treatment with peptide receptor 
radionuclide therapy  [7, 8, 22–25] . The presence of CHD 
and high 5-HIAA levels have been shown to represent 
predictors of an emerging carcinoid crisis  [26] . Patients 
undergoing such procedures or minor operations should 
be carefully assessed for the presence of such risks and 
relevant therapeutic interventions should be utilized if re-
quired.   The crisis may also be provoked by severe emo-
tional stress, induction of anesthesia during ravage of the 
abdomen, or as a result of tumor manipulation or tumor 
necrosis during surgery or intervention  [27] .

  Patients with carcinoid crisis may have sudden chang-
es in blood pressure, most often hypotension, sometimes 
combined with prolonged and excessive flushing, hyper-
thermia, and occasional bronchospasm. Some may have 
attacks of hypertension and occasional hypertensive cri-
sis due to tumor release of catecholamines  [28–30] . Pa-
tients with large tumor load, high chromogranin A levels, 
or high urinary 5-HIAA values are more likely to experi-
ence a carcinoid crisis during surgery; however, not all of 
these risk factors have consistently been confirmed  [2] . 
Catecholamines released from the adrenals or sympathet-
ic neurons are thought to contribute to the release of tu-
mor products, and thus appropriate pain relief can reduce 
the stress response  [7, 8, 27] . This is particularly impor-
tant as intraoperative hypotension may occur in both 
functioning and apparently nonfunctioning tumors with 
the most important predictor being the presence of he-
patic metastases  [27] .

  Sometimes the crisis complication presents with 
vague symptoms, and patients continue to be unstable 
postoperatively, or fail to recover after surgery, which 
emphasizes the importance of being aware of an undiag-
nosed carcinoid crisis, possibly reversible with appropri-
ate treatment  [31] . Previous treatment with long-acting 
somatostatin analogs aims at controlling the excessive 
hormonal output and symptoms related to the carcinoid 
syndrome and prevent a carcinoid crisis. In some cases, 
addition of ondansetron may help control the diarrhea 
 [32] .

  The ideal scheme and dosing of octreotide to prevent 
the development of a carcinoid crisis have not been clear-
ly established  [27, 31] . Acute intravenous administration 
of octreotide has been reported to provide rapid reversal 
of a carcinoid crisis, and the current focus of carcinoid 
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therapy is to prevent mediator release with octreotide 
prophylaxis  [2, 7, 8, 18, 22, 26, 31] . This has largely re-
placed the use of other drugs for acute treatment. If pa-
tients already receive long-acting somatostatin analogs, 
these medications should continue. However, as intraop-
erative carcinoid events are not easily predicted, there is 
no standard octreotide administration regimen and vari-
ous schemes have been proposed  [2] . It has been suggest-
ed that for minor procedures or lower-risk patients, a rea-
sonable scheme is the subcutaneous administration of oc-
treotide 100–200 μg 2–3 times/day during surgery  [2] . 
However, as a carcinoid crisis can also be induced even 
with minor surgical procedures, intravenous octreotide 
infusions should also be readily available to be used when 
necessary. For elective intra-abdominal or other major 
operations, the administration of octreotide 100 μg 3 
times/day subcutaneously for 2 weeks has been suggested 
prior to surgery  [2, 33] . However, intravenous octreotide 
is currently considered the most preferable mode of ad-
ministration  [31] . With acute operations, octreotide is  
 beneficial even if given for only 24 h before surgery, since 
this may achieve adequate suppression of basal amine and 
peptide levels  [34] . However, a single dose of 500 μg of 
octreotide was shown not to be sufficient to inhibit peri-
operative complications as well as previous treatment 
with somatostatin analogs  [27] . Perioperative prophylac-
tic treatment with intravenous octreotide, at a starting 
dose of 50–100 μg/h (mean dose 100–200 μg/h) is cur-
rently used by most centers as an appropriate regimen 
and shown to successfully prevent crisis during major 
surgery with little side effects in some studies  [7, 8] . Al-
though this has not been substantiated by any prospective 
study, most experts initiate treatment with intravenous 
octreotide 12 h before escalating the dose as necessary 
until symptom control and continued at least 48 h after 
the operation with dose titration as required. Some pa-
tients may still have symptoms and require additional in-
travenous octreotide and doses up to 500 μg/h have been 
administered  [2, 31] . A study that formally assessed the 
efficacy of octreotide in preventing carcinoid crisis has 
found that intraoperative complications (e.g., flushing, 
sustained hypotension, bronchospasm, acidosis [pH 
<7.2], and ventricular tachycardia) developed in 11% of 
patients who did not receive the medication compared to 
none of those who received intraoperative octreotide ( p  = 
0.023). In addition, a recent meta-analysis has suggested 
that patients pretreated with somatostatin analogs (main-
ly octreotide) may require even higher doses  [31] . How-
ever, although octreotide is of proven value in preventing 
and treating carcinoid crisis, the current literature relies 

on small sample size studies and relatively low quality of 
data. In addition, the inconsistent use of the term carci-
noid crisis and the paucity of reported articles preclude 
the adaption of a universally accepted octreotide dosing 
scheme  [2, 31] .

  Atypical Carcinoid Syndrome 
 A less common atypical carcinoid syndrome may be 

encountered in patients with tumors originating from the 
foregut including mostly the lung, but also the stomach 
and duodenum  [6, 35] . The syndrome consists of patchy, 
intensely red flush, sweating, itching, sometimes also cu-
taneous edema, bronchoconstriction, salivary gland 
swelling, lacrimation, and cardiovascular instability 
mainly manifested as hypotension  [6, 35] . It is usually en-
countered in patients with liver metastases and is due to 
the release of both histamine and serotonin. Patients with 
the atypical carcinoid syndrome have a   decarboxylation 
deficit and therefore only seldom have excess urinary ex-
cretion of the serotonin metabolite 5-HIAA  [6, 36] . Uri-
nary estimates of the histamine metabolite methylimid-
azole acetic acid may serve as a tumor marker  [22, 36] . 
Cytoreductive surgery or hepatic artery embolization 
may occasionally be contraindicated due to the risk of 
uncontrolled release reactions.

  In the presence of an atypical carcinoid syndrome, the 
patients should be treated with octreotide before and dur-
ing surgery or intervention  [6, 35]  (see Atypical Carci-
noid Syndrome). Patients with the severest reactions (e.g., 
mainly patients with lung carcinoids) may require higher 
doses of octreotide (100–200 μg/h) and sometimes also 
saline infusion  [6, 35] . Histamine-liberating substances 
like morphine or tubocurarine and adrenergic drugs 
should be avoided during anesthesia as they may cause 
further histamine release and lead to the development of 
hypotension  [2] . Combination with H 1  receptor blockers 
(loratadine) and H 2  blockers (ranitidine) is recommend-
ed in the presence of severe symptoms, and sometimes 
also cortisone (dexamethasone), since histamine release 
and its peripheral actions may not be blocked by soma-
tostatin analogs  [6, 36] .

  Specific Recommendations Concerning Anesthesia 
 Premedication 
 Premedication is focused on relieving existing symp-

toms and preparing for a potential carcinoid crisis  [37] . 
All patients’ maintenance medications should be contin-
ued and benzodiazepines and antihistamines could be 
used to decrease anxiety and stress  [7] . Monitoring the 
central venous pressure may aid in fluid management, 

https://www.gastroscan.ru/handbook/144/4163


 Pre- and Perioperative Therapy in 
Patients with Neuroendocrine Tumours 

Neuroendocrinology 2017;105:245–254
DOI: 10.1159/000461583

249

but interpretation may be difficult in the presence of 
CHD with tricuspid regurgitation or pulmonary stenosis 
 [7, 8] . As rapid blood pressure changes are commonly 
encountered in such patients, invasive monitoring is typ-
ically required; it is started before the induction of anes-
thesia and maintained throughout the procedure  [2] . Ar-
terial catheter monitoring is considered for major surgery 
since the hypotension seen with induction agents may 
trigger a carcinoid crisis  [38] . Accurate airway pressure 
monitoring is necessary to rapidly detect the onset of 
bronchospasm whereas continuous temperature moni-
toring and warming devices are needed as hypothermia 
could trigger a carcinoid crisis  [2] .

  Drugs that stimulate the sympathetic nervous symp-
toms or cause histamine release such as morphine and 
 d -tubocurarine should be avoided  [33] . Propofol, thio-
pental sodium, and etomidate have been used to induce 
anesthesia. Propofol has a more profound effect in sup-
pressing catecholamine release and may be the best agent 
in patients with carcinoid syndrome as long as hypoten-
sion is avoided  [39] . Furthermore, only nondepolarizing 
neuromuscular blockers that do not cause histamine re-
lease should be used  [7] . Due to its cardiovascular stabil-
ity, vecuronium and rocuronium can be safely used  [2] . 
Safe use of succinylcholine has also been documented. 
During maintenance of anesthesia, special attention 
should be paid to avoid right ventricular overload and 
strain to prevent right ventricular failure and the develop-
ment of cardiovascular alterations that mostly present as 
blood pressure and heart rate instability rather than 
rhythm abnormalities  [2, 7] .

  Hypotension is the most common problem during an-
esthesia, but in this situation sympathomimetic drugs 
should be avoided, since they may worsen hypotension by 
triggering further release of peptides. However, this view 
is not widely accepted as several reports have shown that 
the use of inotropic agents along with octreotide can re-
store the cardiovascular instability  [2, 27] . Hypotension 
tends to occur when large bulky metastases are manipu-
lated and in such instances stopping the procedure until 
hemodynamic control is restored is a simple maneuver 
 [7, 8] . Intravenous octreotide can correct hypotension 
within 10 min and thereafter, and is used in combination 
with volume expanders.

  Hypertension is also treated by prevention of peptide 
release with octreotide, and by increasing the depth of 
anesthesia. Bronchospasm can occasionally be severe, 
and since β-receptor agonists and theophylline may pre-
cipitate mediator release and worsen bronchospasm, they 
should be used with extreme care  [7, 8] . Octreotide may 

be used for the release of bronchospasm, and steroids 
(dexamethasone) may still have a role in such patients. 
Flushing may occur and may in itself not be problematic 
but it is a warning of potential cardiovascular instability, 
and indicates increased requirement of octreotide. Re-
covery from anesthesia may also be substantially delayed 
 [27, 40] .

  Postoperative Period 
 Preoperative treatment with octreotide should contin-

ue and should cease slowly over the first postoperative 
week rather than stop abruptly. Hypovolemia and pain 
causing sympathetic stimulation should be avoided in the 
postoperative period. Non-histamine-releasing opioids 
such as fentanyl have been used with no adverse effects 
for postoperative analgesia. Endocarditis prophylaxis 
may be required if significant carcinoid-induced valvular 
heart disease is present, although this approach is still a 
matter of debate  [41] . Epidural and spinal anesthesia have 
been successfully used in patients with carcinoid tumors 
mainly undergoing noncarcinoid surgery  [42] . Care 
should be taken to evaluate and premedicate these pa-
tients adequately, as hypotension may commonly occur 
with these techniques  [2] .

  Pancreaticoduodenal NET: Pre- and Perioperative 

Therapy 

 Among patients with pancreaticoduodenal NET, pre-
operative and prolonged postoperative treatment with 
adequately high dosed proton pump inhibitors (PPIs) is 
needed for patients with gastrinoma mainly to prevent 
gastrojejunal bleeding, and perioperative glucose moni-
toring is used to avoid hypoglycemia in patients with in-
sulinoma. Patients with glucagonoma require somatosta-
tin analog treatment and nutritional supplementation to 
heal the skin lesion prior to surgery, and perioperative 
anticoagulation to prevent thrombosis. Patients with
VIPoma need to be resuscitated with preoperative soma-
tostatin analog treatment and intravenous fluid and elec-
trolyte therapy before being subjected to surgery  [1, 6] .

  In some studies, perioperative somatostatin or soma-
tostatin analog treatment has been demonstrated to result 
in a significant reduction in the pancreatic fistula rate af-
ter elective pancreatic surgery, without having an influ-
ence on postoperative mortality  [43] . Octreotide 100–200 
μg subcutaneously 3–4 times/day for 6–8 days may re-
duce the risk for fistulation and minimize leakage after a 
difficult resection or enucleation of endocrine pancreatic 
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tumors, but may not be routinely required. However, re-
cent prospective trials showed that such an approach had 
no effect  [44, 45] . If somatostatin has been used, it should 
be weaned slowly rather than discontinued abruptly. Pa-
tients subjected to splenectomy in association with re-
moval of an endocrine pancreatic tumor are given vacci-
nations against meningococcus and  Haemophilus influ-
enza  and Pneumovax the day prior to hospital discharge 
to prevent postsplenectomy sepsis.

  Gastrinoma 
 Gastrinomas are predisposed to gastrointestinal per-

foration and hemorrhage, which may cause death after 
pancreaticoduodenectomy. During and 3 months after 
surgery, patients need adequately high doses of PPIs to 
efficiently control the acid hypersecretion that persists 
even after removal of the primary tumor mainly by re-
sidual hypertrophy of gastric mucosa  [46] . The dose of 
antisecretory drug is titrated to reduce the acid hyperse-
cretion to  ≤ 10 mEq/h, or to lower values in patients with 
previous acid-reducing surgery or severe reflux disease. 
High initial doses of PPIs (such as 60–80 mg/day of 
omeprazole) are frequently prescribed, with dose adjust-
ment as necessary based on symptom response. In the 
acute setting where oral medications may be contraindi-
cated, intravenous formulations are effective. A starting 
dose of 80 mg of pantoprazole given by a 15-min infusion 
every 8 h was recommended because it controlled gastric 
acid hypersecretion in all Zollinger-Ellison syndrome 
patients studied both acutely and up to 7 days  [47] . How-
ever, many specialized pancreatic centers preconize to 
treat patients with high doses of PPIs following 1–3 
months after pancreaticoduodenectomy. Octreotide can 
be used to treat Zollinger-Ellison syndrome but it does 
not add significantly to the acid-reducing effect of PPIs, 
which is the preferred medication  [48] . Patients should 
maintain their medication with PPIs for some weeks af-
ter surgery since many continue to hypersecrete acid for 
some time  [49] .

  Insulinoma 
 Preoperative diazoxide treatment is sometimes used to 

control hypoglycemia prior to operation, but may cause 
severe fluid retention and edema in some patients. It is 
generally not recommended prior to surgery for benign 
insulinoma. Patients with insulinoma and significant hy-
poglycemia should preferably be submitted to surgery 
without delay, and without diazoxide. At times of hypo-
glycemia, dextrose administration, intramuscular gluca-
gon, and potassium replacement may be required as a res-

cue procedure.   Patients with severe hypoglycemia may 
require intravenous glucose infusion on the night prior to 
operation to avoid risk of unrecognized hypoglycemia 
 [50] . In the operating room, glucose is removed from the 
intravenous solution to allow glucose monitoring with a 
rise in glucose anticipated within minutes to an hour after 
insulinoma resection  [50] . Small doses of insulin may be 
required during the first postoperative days. After surgery 
for large insulinomas, patients may need glucose infusion 
as insulin effects may still prevail for some time, and 
blood glucose levels should be monitored. Preoperative 
octreotide infusion should only be considered after the 
effect of this therapy is electively studied. In some insuli-
noma patients, octreotide infusion might lead to more 
severe hypoglycemias by suppression of the contraregula-
tory hormones. It is claimed that only in half of the non-
metastatic or benign insulinomas might octreotide have 
a positive effect  [51] .

  Glucagonoma 
 Glucagonoma patients may have troublesome skin 

disease and some patients may be cachectic. Somatostatin 
analog treatment, amino acid infusion, and antibiotics 
may improve the condition and heal the skin lesion be-
fore surgery  [52] . Patients have substantial risk for deep 
vein thrombosis and pulmonary embolism, and should 
perioperatively receive prophylactic high-dose molecular 
heparin as anticoagulation treatment  [53] .

  VIPoma 
 In VIPoma patients, secretory diarrhea is generally ex-

tensive, with severe loss of potassium and bicarbonate 
leading to metabolic acidosis, dehydration, and hypoka-
lemia  [52] . Patients need to be resuscitated from life-
threatening fluid losses and electrolyte abnormalities 
with somatostatin analog treatment, as well as intrave-
nous and electrolyte therapy, before being subjected to 
surgery. 

  Syndromes Related to Ectopic Hormonal Secretion 

 Occasionally the substances secreted by gastrointesti-
nal NET are not directly related to the tissue of origin and 
the corresponding clinical syndromes are related to these 
ectopically secreted compounds  [54] . Appreciation of the 
presence of such syndromes is highly relevant, because if 
the clinical presentation is not identified, it may delay the 
diagnosis of the underlying neoplasia and lead to in-
creased morbidity and mortality. Some of these syn-

https://www.gastroscan.ru/handbook/119/450#vi
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dromes, such as Cushing syndrome due to ectopic adre-
nocorticotrophic hormone and hypercalcemia due to ec-
topic parathyroid hormone-related peptide secretion, 
may markedly increase the operative risk and need to be 
adequately treated prior to any intervention  [54] . In pa-
tients with uncontrolled hormonal syndrome due to ec-
topic hormone secretion, hepatic artery embolization or 
chemoembolization and/or debulking surgery can be dis-
cussed.

  Adrenocorticotrophic hormone secretion leading to 
Cushing syndrome has mostly been encountered with 
lung NET, but can occasionally be seen with gastrointes-
tinal tumors  [54, 55] . Drugs aiming at controlling the 
hormonal secretion, either at the tumor level (soma-
tostatin analogs, cabergoline), the adrenals (metyra-
pone, ketoconazole, O,p ′ -DDD) or rarely the glucocor-
ticoid receptor, markedly reduce the operative risk, 
which may be considerably high if the hypercortisolism 
remains untreated  [56] . In refractory cases, intravenous 
etomidate has successfully been used but requires inten-
sive monitoring  [57] . Hypersecretion of parathyroid 
hormone-related peptide by metastatic NET seems to be 
exclusively associated with metastatic pancreatic NET 
and has a major clinical impact because poorly control-
lable hypercalcemia is associated with increased mor-
bidity and mortality  [58] . In such cases and other more 
rare syndromes, early diagnosis and management are es-
sential  [54] .

  Minimal Consensus Statement on Preoperative 

Evaluation and Therapy 

 Preoperatively, patients with NET and carcinoid syn-
drome need to be carefully evaluated. Patients with se-
vere diarrhea, weight loss, vitamin deficiencies, and hy-
poproteinemia require parenteral nutrition and ade-
quate supplementation for reversal of fluid, electrolyte, 
vitamin and protein abnormalities, before major surgery 
is undertaken. Patients with carcinoid syndrome should 
be examined with echocardiography and NT-proBNP 
measurement to diagnose the possible presence of incip-
ient CHD prior to abdominal surgery. Even patients with 
moderate CHD should be discussed with cardiologists 
before surgery as symptoms may be absent in a signifi-
cant number of patients. In case of significant heart dis-
ease, a thoracic surgical evaluation and possible surgical 
revision of valvular heart disease should be considered 
before major abdominal operation, especially liver resec-
tion, is undertaken.

  Minimal Consensus Statement on Perioperative 

Prophylaxis and Treatment to Prevent Carcinoid 

Crisis 

 Patients with carcinoid syndrome should receive oc-
treotide prophylaxis to prevent the development of carci-
noid crisis during surgery. Patients with CHD and/or 
high 5-HIAA levels are at higher risk. If patients already 
receive octreotide or other somatostatin analogs, this 
medication should be continued while awaiting surgery. 
Patients who have not received octreotide can be given 
100–200 μg 3 times/day subcutaneously for 2 weeks prior 
to surgery. If more acute operation is needed, octreotide 
is given as an intravenous infusion for 1–2 days before 
surgery. Perioperative treatment is recommended with 
intravenous octreotide; infusion is started 12 h before an-
esthesia at a dose of 50–100 μg/h using dose titration un-
til resolution of the symptoms (mean dose 100–200 μg/h). 
Remaining symptoms of carcinoid syndrome indicate the 
need for additional intravenous octreotide. In case of a 
carcinoid crisis reaction with hypotension during anes-
thesia, adrenergic drugs should be used cautiously and 
further octreotide infusion should be given even at doses 
as high as 500 μg/h. Patients previously treated with so-
matostatin analogs may require even higher doses.

  Minimal Consensus Statement on Recommendation 

Concerning Anesthesia 

 Monitoring of central venous pressure is of value dur-
ing surgery for NET with carcinoid syndrome, but may 
be difficult to interpret in the presence of CHD with right-
sided failure. Preoperative medication and anesthesia 
should exclude drugs that may stimulate the sympathetic 
system or cause histamine release. If hypotension occurs, 
sympathomimetic drugs should be used cautiously, and 
increased intravenous octreotide should be given. Hypo-
tension is treated by the prevention of peptide release 
with octreotide, and by increasing the depth of anesthe-
sia. In the presence of bronchospasm, β-receptor agonists 
should be used with great care or, instead, octreotide is 
recommended, possibly together with steroids (dexa-
methasone). Flushing during anesthesia should consti-
tute a warning of cardiovascular instability and indicates 
increased requirement of octreotide. Preoperative treat-
ment with octreotide should continue and be weaned 
slowly over the first postoperative week rather than 
abruptly stopped. Hypovolemia and pain-causing sym-
pathetic stimulation should be avoided in the postopera-
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tive period. Non-histamine-releasing opioids such as fen-
tanyl have been used with no adverse effects for postop-
erative analgesia.

  Minimal Consensus Statement on Pre- and 

Perioperative Management of Pancreaticoduodenal 

NET 

 Patients with gastrinoma require treatment with a ti-
trated dose of PPIs before, during and few weeks after the 
operation to be protected from hypersecretion. Insulino-
ma patients should be subjected to careful glucose moni-
toring during and after surgery. Patients with glucagono-
ma require somatostatin analog treatment and nutrition-
al supplementation to heal the skin lesion prior to surgery, 
and perioperative anticoagulation to prevent thrombosis. 
Patients with VIPoma need to be resuscitated with pre-
operative somatostatin analog treatment and intravenous 
fluid and electrolyte therapy before being subjected to 
surgery. A high index of suspicion is required to identify 
syndromes related to ectopic hormonal secretion prior to 
surgery and initiate appropriate treatment. 
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neuroendocrine tumours. The proposed guidelines repre-
sent a consensus of the working group of the European Neu-
roendocrine Tumor Society (ENETS).  © 2017 S. Karger AG, Basel 

 Background  

 The pancreas and small intestine are the most frequent 
sites of origin for neuroendocrine neoplasms of the gas-
troenteropancreatic region  [1] . Radical surgical resection 
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represents the only hope of cure for these tumours. As 
there is a wide heterogeneity of neuroendocrine lesions, 
surgical management comprises several options ranging 
from conservative, minimally invasive procedures to ex-
tensive resection that may also include vascular and mul-
tivisceral resections. 

  The low incidence of neuroendocrine tumours, the 
wide heterogeneity in terms of grading and staging as well 
as the variety of treatments offered during the postopera-
tive course are the main reasons behind the lack of evi-
dence of different aspects of surgical treatment. In view 
of the higher incidence compared with other sites of ori-
gin, it would be helpful for surgeons managing small in-
testinal neuroendocrine tumours (siNETs) and pancre-
atic neuroendocrine tumours (PanNETs) to have specific 
guidelines. 

  Methods 

 During the Advisory Board Meeting of the European Neuro-
endocrine Tumor Society (ENETS) held in Antibes, France, in 
2015, a consensus meeting on this topic was organized. The 
working group identified 8 issues of clinical interest: preoperative 
assessment before surgery, definition of primary tumour resect-
ability, surgery for localized disease, role of lymphadenectomy, 
surgery for locally advanced disease, surgery for metastatic dis-
ease, postoperative complications, and laparoscopic approach. 
On these specific issues, the working group set up 21 questions 
and worked on the answers. For this purpose, a systematic litera-
ture search was conducted using PubMed, Embase and Cochrane 
Library databases employing the terms: “pancreatic neuroendo-
crine tumours” [All Fields] AND “surgery” [All Fields]”; “small 
intestinal neuroendocrine tumours” [All Fields] AND “surgery” 
[All Fields]”; “carcinoid tumours” [All Fields] AND “surgery” 
[All Fields]”. The PubMed function “related articles” was used to 
broaden each search, and the reference list of all potentially eli-
gible studies was analysed. All titles and abstracts of the consid-
ered studies were analysed by the group in order to select those 
focusing on the surgical management of siNETs and PanNETs. 
All the statements were shared and approved by the working 
team. 

  Preoperative Assessment before Surgery 

 What Should Be the Minimal ENETS Standard of 
Care for Preoperative Assessment before Surgery for 
siNETs?  
 Functioning forms account for around 20% of all

siNETs  [2] . An accurate assessment of previous and cur-
rent medical history should always be performed for in-
vestigating the presence of carcinoid syndrome-related 

symptoms. Levels of 24-h urinary 5-hydroxyindoleacetic 
acid have to be evaluated despite the absence of specific 
symptoms. At least a high-quality abdominal imaging 
technique with frontal slices (computed tomography 
[CT] or magnetic resonance [MR]) is required before sur-
gery. The imaging assessment should specify the primary 
sites (30% multiple) often small in size, the lymph node 
stage and the presence of hepatic nodules  [2, 3] . Both CT 
and MR showed a similar rate of sensitivity in staging dis-
ease preoperatively but CT seems to be more effective in 
detecting anatomical details that matter from a surgical 
standpoint (i.e., vascular invasion, lymph node involve-
ment)  [4, 5] . MR, either in T2 sequences or with diffu-
sion-weighted sequences, could better detect hepatic 
nodules  [6] . Somatostatin receptor imaging modalities 
(somatostatin receptor scintigraphy [SRS] or positron 
emission tomography [PET] scanning with  68 Ga) are 
needed preoperatively for better staging tumours in terms 
of occult metastases and/or extra-abdominal disease  [2] . 
Both morphological and functional imaging techniques 
usually underestimate disease stage  [4, 7] . Moreover, 
echocardiography should be routinely performed in or-
der to rule out carcinoid heart disease before any surgical 
intervention. Since the reported correlation between
siNETs and other colorectal neoplasms, a colonoscopy 
may be included in the preoperative workup  [8] . A me-
ticulous intraoperative exploration of all abdominal cav-
ity and the palpation of the whole jejunum and ileum are 
superior to all imaging modalities and should be system-
atically executed  [4, 5] . 

  Statement 
 Preoperative assessment before elective surgery for siNETs 

should include a CT scan and an SRS or PET/CT scan with  68 Ga. 
Levels of 24-h urinary 5-hydroxyindoleacetic acid as well as echo-
cardiography are given.

  What Is the Best Procedure for Detecting Multifocal 
siNETs? 
 Multifocal siNETs occur in around 20–30% of patients 

and their correlation with a poorer prognosis is contro-
versial  [9–12] . CT and MR have demonstrated a very low 
accuracy in detecting multifocal siNETs  [9] . An accurate 
and systematic intraoperative bidigital palpation of the 
entire small intestine from the ligament of Treitz to the 
caecal valve bowel has been demonstrated to be more ef-
fective in detecting multifocal siNETs compared with all 
preoperative imaging modalities  [9–12] . Exploration has 
to be performed before and after digital compression, as 
the tumour may not be visible by simple inspection  [12, 
13] . Other perioperative modalities such as MR enterog-
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raphy and video capsule endoscopy were associated with 
a high identification rate for primary siNETs  [13]  but 
their routine use preoperatively is not justified. Intraop-
erative enteroscopy has been proposed for a better detec-
tion of small nodules, but it has been abandoned because 
of an increased rate of major postoperative complications 
 [14, 15] .

  Statement 
 Intraoperative bidigital palpation of the entire ileojejunal 

bowel is the best procedure for detecting multifocal siNETs.

  What Should Be the Minimal ENETS Standard of 
Care for Preoperative Assessment before Surgery for 
PanNETs?  
 An accurate preoperative staging for PanNETs is es-

sential for determining the disease stage, the most ap-
propriate surgical resection, and the relationship be-
tween primary tumour and peripancreatic vessels. Both 
CT scan and MR are accurate in the detection of the 
primary tumour  [16] . Functional imaging (SRS and 
PET/CT with  68 Ga) is essential for excluding extra-ab-
dominal disease as well as for a more accurate assess-
ment of occult liver metastases not seen by high-quality 
imaging techniques  [16] . Small PanNETs <2 cm (i.e., 
insulinomas) should be investigated for their relation-
ship with the main pancreatic duct in order to evaluate 
the feasibility of enucleation  [17, 18] . MR cholangio-
pancreatography and endoscopic ultrasound are the 
most effective modalities for assessing the relationship 
between the nodule and the pancreatic duct and should 
be included in the preoperative workup when enucle-
ation is warranted  [17, 18] . Possible vascular involve-
ment can occur in the presence of aggressive PanNETs. 
In particular, an infiltration of the superior mesenteric 
vessels and/or the common hepatic artery needs to be 
precisely investigated in order to define a possible vas-
cular resection or excluding patients from an upfront 
surgery. CT scan is the most accurate high-quality im-
aging procedure for studying the vascular involvement 
in the presence of pancreatic malignancies and it needs 
to be routinely included in diagnostic workup before 
surgery  [19] . 

  Statement 
 Preoperative assessment before surgery for PanNETs should 

include a CT scan and an SRS or PET/CT with  68 Ga. MR chol-
angiopancreatography and endoscopic ultrasound should be in-
cluded in the preoperative workup when enucleation is war-
ranted.

  Definition of Primary Tumour Resectability 

 Which Patients Should Be Considered Unresectable 
for Their Primary siNET? Is This Always Related to 
Lymph Node or Fibrotic Desmoplastic Reaction and/
or Invasion of Superior Mesenteric Vessels toward the 
Retroperitoneum? 
 Primary siNETs are usually small lesions that can be 

easily resectable. An adequate oncological surgical resec-
tion is usually influenced by the presence of tumour mes-
enteric deposits and lymph node metastases that may be 
surrounded by massive fibrotic reaction. Approximately 
5% of patients affected by siNETs exhibit miliary seeding 
in the intra-abdominal cavity equivalent to peritoneal 
carcinomatosis (PC)  [20] . Many of these patients devel-
op a “frozen abdomen,” particularly in the pelvis, despite 
the absence of bulky liver metastases  [21] . The presence 
of large tumour deposits is associated with an increased 
risk of failure of radical resection as well as a high risk of 
disease progression also when surgery succeeds  [20, 22] . 
Nevertheless, dissection of mesenteric metastases is pos-
sible even when siNETs are deemed inoperable unless 
tumour growth completely surrounded the mesenteric 
vessel root or extended retroperitoneally  [3, 20, 23] . In 
this light, primary siNETs could be classified as (a) “re-
sectable” in the absence of large mesenteric tumour de-
posits close to the mesenteric root, (b) “borderline resect-
able” when large mesenteric tumour deposits are present 
without major involvement of the mesenteric vessel root 
and/or retroperitoneum, and (c) “locally advanced or ir-
resectable” when mesenteric tumour deposits surround 
the mesenteric vessel root or extend retroperitoneally. A 
recent update on the treatment of patients with siNETs 
and PC stipulates to take into account not only the PC 
resectability but also the presence of liver metastases and 
the degree of the resectability of hepatic disease, which 
for most of the patients will determine the prognosis 
 [20] .

  Statement 
 siNETs with mesenteric tumour deposits surrounding the 

mesenteric vessel root or extending retroperitoneally should be 
considered unresectable. siNETs with large mesenteric tumour 
deposits without involvement of the mesenteric vessel root 
should be regarded as “borderline resectable.”

  Which Is the Definition of Unresectable Primary 
PanNETs?  
 Currently, 2 different staging systems for PanNETs 

have been proposed by ENETS and by the American 
Joint Committee on Cancer  [24, 25] . The American 
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Joint Committee on Cancer classification distinguishes 
pT3 from pT4 by the recognition of major vascular inva-
sion  [25] . Peripancreatic vessel involvement (superior 
mesenteric vein [SMV], superior mesenteric artery 
[SMA], coeliac axis [CA], and common hepatic artery 
[CHA]) is the most important determinant of likelihood 
of radical surgical resection. A possible classification of 
pancreatic tumour resectability can be that proposed for 
ductal adenocarcinoma  [26] . In this light, 3 different 
conditions are identified: (a) “resectable” PanNET when 
normal tissue plane is present between the tumour and 
SMA and/or CA and/or CHA, (b) “borderline resect-
able” PanNET when an abutment is present between the 
tumour and SMA and/or CA and/or CHA, and (c) “lo-
cally advanced” PanNET in the presence of SMA and/or 
CA and/or CHA encasement. Involvement of the SMV 
is not a criterion for unresectability except in the pres-
ence of vein occlusion, provided that the involved seg-
ment is manageable. 

  Statement 
 PanNETs with SMA and/or CA and/or CHA encasement as 

well as those with SMV occlusion should be considered unresect-
able. PanNETs with SMA and/or CA and/or CHA abutment as 
well as those without segmental SMV occlusion should be re-
garded as “borderline resectable.”

  Surgery for Localized Disease 

 Should All of the siNETs Be Operated? Is There Any 
Place for a Wait-and-See Attitude? 
 Because of their inconspicuous size and deep submu-

cosal location, primary siNETs are rarely incidentally di-
agnosed or before metastases have developed, and thus, 
patients often present with advanced disease  [27] . Occult 
lesions can be detected early with aggressive screening 
among patients with a family history of siNETs  [27] . 
More than 80% of these patients have multifocal disease 
and one-third present a stage III disease. Moreover, near-
ly half of patients with siNETs <10 mm show lymph node 
metastases  [28] . In this light, all siNETs should be regard-
ed as aggressive disease and therefore managed opera-
tively with adequate surgical resection and lymphadenec-
tomy. 

  Statement 
 All localized siNETs, even when small and incidentally dis-

covered, require radical surgical resection with adequate lymph-
adenectomy irrespective of the absence of lymphadenopathy or 
mesenteric involvement. 

  Should All Small Asymptomatic PanNETs Be 
Operated in the Absence of Metastases and Local Signs 
of Invasiveness?  
 In the last decade, a dramatic increase in the diagnosis 

of small, asymptomatic PanNETs has been observed  [29, 
30] . In particular, it has been estimated that the incidence 
of PanNETs <2 cm in size increased by 710% over a 20-
year period  [29] . Moreover, tumour size and incidental 
diagnosis are powerful predictors of aggressiveness 
among PanNETs  [31, 32] . A tumour size between 1.5 and 
2 cm seems to be the most accurate cut-off for distin-
guishing between indolent and aggressive forms  [33] . A 
conservative management of small, asymptomatic Pan-
NETs consisting of active imaging-based surveillance 
seems to be safe in the short term  [34] . A watchful strat-
egy instead of surgical treatment should be proposed at 
least in selected patients. Surgical resection should still be 
recommended in young and healthy patients due to the 
absence of available data on long-term follow-up. On the 
other hand, young patients affected by MEN1 syndrome 
who have non-functioning PanNETs <2 cm can be safely 
enrolled in an observational protocol. In this subgroup of 
patients, a watchful strategy has been well established and 
long-term follow-up demonstrated the safety of this ap-
proach  [35–37] .

  In all cases, surgery is the treatment of choice, also in 
the presence of small asymptomatic PanNETs when the 
main pancreatic duct is involved  [38] . Even in small Pan-
NETs is pancreatic duct involvement associated with 
multiple unfavourable clinicopathological features (e.g., 
higher histological grade, nodal metastases, and higher 
recurrence rates). 

  Statement 
 Conservative management should be considered for asymp-

tomatic, non-functioning PanNETs <2 cm in patients affected by 
MEN1 and for selected patients (significant comorbidity, ad-
vanced age) with the sporadic form. For these tumours, surgery 
is still the treatment of choice in young and healthy patients and 
in the presence of main pancreatic duct involvement and/or oth-
er signs of local invasiveness (e.g., dilation of the main pancre-
atic duct, jaundice, vascular and/or nodal involvement).

  When Is It Appropriate to Perform Atypical, 
Parenchyma-Sparing, Pancreatic Resection for 
PanNETs (e.g., Enucleation, Central Pancreatectomy)? 
 Parenchyma-sparing pancreatic resections represent 

alternative options for the operative management of 
small PanNETs. Central pancreatectomy for PanNETs 
located in the pancreatic neck minimizes the risk of de-
veloping pancreatic insufficiency as compared with ex-
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tended distal pancreatectomy  [39, 40] . Similarly, enucle-
ation of PanNETs allows resecting the tumour sparing 
the whole pancreatic gland  [41] . Main limitations of 
these techniques are the risk of inadequate surgical mar-
gin clearance and the absence of lymphadenectomy. 
These operations are associated with a high rate of post-
operative complications, in particular pancreatic fistula, 
and similar mortality risk as compared with standard-
ized pancreatic resections  [42–44] . Oncological safety of 
these procedures is not well defined due to the absence 
of comparable data in the literature  [44] . Moreover, sur-
gical treatment of small PanNETs is significantly limited 
by emerging evidence of the value of a wait-and-see at-
titude toward these forms. Consequently, indications of 
parenchyma-sparing pancreatic resections should now 
be suggested only for small insulinomas  [45, 46]  or for 
selected patients affected by small PanNETs when con-
servative management is contraindicated (e.g., young 
patients or patients who refuse observational manage-
ment).

  Statement 
 Indications of parenchyma-sparing pancreatic resection 

should be limited to insulinomas and small PanNETs <2 cm 
when a conservative management is contraindicated. 

  Role of Lymphadenectomy 

 What Is the Minimal Number of Lymph Nodes to 
Be Harvested during Resection for siNETs? Does 
an Extended Lymphadenectomy Play a Role in the 
Prognosis of Patients with siNETs? 
 Around 80–88% of patients with siNETs have lymph 

node metastases at the time of initial diagnosis  [3, 9, 12, 
47–49] . A systematic lymphadenectomy (at least >8 re-
sected nodes) is associated with a significantly better sur-
vival compared with selective lymphadenectomy  [50, 51] . 
It should be pointed out that these findings were not cor-
roborated by other studies  [3, 47] . The optimal cut-off of 
lymph nodes to be resected during surgery for siNETs is 
still controversial due to the absence of standardized sur-
gical procedures. Lymphadenectomy is not correlated 
with the length of surgical specimen after small bowel re-
section  [3] . The “pizza pie” resection rule, following 
which the resection of a large intestinal segment is re-
quired, should be abandoned, because it predominantly 
removes intestine rather than lymph nodes  [3] . A reverse 
lymphadenectomy followed by small bowel resection, 
possibly extended to the right colon, allows reducing the 

length of surgical resection warranting an appropriate 
lymphadenectomy in a small intestinal-sparing strategy 
 [3, 12, 28, 49, 52]  

  Statement 
 An adequate and systematic lymphadenectomy (at least 8 

nodes) limiting the length of intestinal loop to be resected is al-
ways recommended for siNETs.

  Which Is the Role of Lymphadenectomy during 
Pancreatic Resection due to PanNETs? Which Is 
the Minimum Number of Lymph Nodes Required 
to Be Harvested according to the Type of Pancreatic 
Resection Performed?  
 Lymph node involvement is one of the most powerful 

prognostic factors after surgical resection for PanNETs 
 [53–58] . The optimal number of lymph nodes to be re-
sected during pancreatic resection due to PanNETs is un-
known  [57] . On the other hand, different variables in-
cluding tumour size, pancreatic head localization, tu-
mour grade, and age have been associated with an 
increased risk of lymph node metastases  [54, 55, 57] . 
Moreover, several studies focused on pancreatic ductal 
adenocarcinoma demonstrated an increased risk of re-
currence when the number of harvested lymph nodes af-
ter pancreaticoduodenectomy is below 12  [59, 60] . There-
fore, in the presence of PanNETs >2 cm located in the 
pancreatic head, it is recommended to perform adequate 
lymphadenectomy including at least peripancreatic nodes 
(station 13 and 17) and SMA nodes (station 14). 

  Statement 
 During pancreatectomy for PanNETs >2 cm, regional lymph-

adenectomy should be routinely performed. The number of har-
vested/examined lymph nodes for PanNETs is not yet properly 
addressed, but at least 12 lymph nodes should be removed. 

  Is There a Role for Nodal Sampling during Atypical 
Pancreatic Resection for PanNETs?  
 Atypical pancreatic resections (e.g., enucleation and 

central pancreatectomy) achieve a significantly lower 
lymph node sample than standardized resection  [61] . 
The risk of lymph node metastases is significantly associ-
ated with tumour size and also patients with small Pan-
NETs have a measurable risk of lymph node involvement 
 [55, 57] . This indicates that during atypical pancreatic 
resection for small PanNETs, a nodal sampling may be 
routinely justified for improving disease stage, especially 
in the presence of suspicious lymph nodes. Intraopera-
tive demonstration of nodal involvement by the frozen 
section procedure should induce the surgeon to perform 
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a standardized pancreatic resection according to tumour 
localization instead of performing an atypical procedure. 

  Statement 
 Nodal sampling and frozen section procedure during atypical 

pancreatic resection is recommended, especially in the presence 
of suspicious lymph nodes.

  Surgery for Locally Advanced Disease 

 Which Is the Role of Surgery for Borderline Resectable 
or Locally Advanced siNETs? Is There Any Place for a 
Two-Step Surgery? 
 The local effects of primary tumour growth and the de-

velopment of mesenteric nodal disease with associated fi-
brosis may complicate siNETs. The mesenteric mass can 
cause acute or chronic intestinal obstruction and/or local-
ized intestinal ischemia. These complications are often as-
sociated with significant morbidity in addition to the re-
lease of peptides leading to the carcinoid syndrome  [23] . 
In experienced centres, a complete resection of primary 
tumour and regional mesenteric nodal metastases can be 
achieved in up to 80% of cases  [7, 12, 50] . Only in a minor-
ity of patients can large mesenteric mass lesions not be 
completely resected or debulked  [7] . Patients with symp-
toms due to mesenteric involvement from siNETs should 
always be referred to specialized centres for surgical explo-
ration, especially for reoperations. Resection of large mes-
enteric metastases may not be possible or appropriate, es-
pecially in an emergency setting when performed by sur-
geons without adequate experience. Radical resection or 
debulking surgery provides relief of the obstructive symp-
toms  [7, 62, 63] . Moreover, surgical clearance of mesen-
teric disease seems to be associated with better survival  [7] . 

  Statement 
 Radical or palliative surgical resection is recommended for 

symptomatic patients with borderline resectable or locally ad-
vanced siNETs.

  Which Is the Role of Surgery for Borderline Resectable 
or Locally Advanced PanNETs? Which Is the Role of 
Surgery for PanNETs in the Presence of Nearby Organ 
Invasion (i.e., Stomach, Colon, Adrenal Gland, and 
Kidney)? 
 Localized, non-metastatic, PanNETs usually do not 

exhibit an aggressive behaviour with signs of local inva-
siveness. Therefore, pancreatic resection due to PanNETs 
with vascular involvement has rarely been described  [64, 

65] . Usually, pancreatic surgery with vascular reconstruc-
tion in the presence of SMV abutment is safe and associ-
ated with acceptable outcome. Nevertheless, data are still 
lacking to confirm the value of vascular reconstruction in 
the presence of SMA or CA invasion. Multivisceral resec-
tion in the presence of nearby organ invasion is associ-
ated with a poorer survival when compared with standard 
resection  [66–69] . These findings indicate a more aggres-
sive behaviour of PanNETs when invading other organs. 
Nevertheless, a multivisceral resection should be contem-
plated only for selected patients with low-grade to inter-
mediate (G1–G2) neoplasms. 

  Statement 
 Selected patients with low-grade to intermediate (G1–G2) 

PanNETs without distant metastatic disease may benefit from an 
extended multivisceral pancreatic resection with or without 
combined vascular reconstruction. Surgery is generally contrain-
dicated for locally advanced PanNETs when a macroscopic radi-
cal resection cannot be achieved.

  Surgery for Metastatic Disease 

 Which Is the Role of Surgery in the Presence of siNETs 
or PanNETs with Resectable Liver Metastases? 
 Liver metastases occur in 40–45% of siNETs and Pan-

NETs  [70, 71] . Surgery may also play a role in the pres-
ence of metastatic disease, because the majority of neuro-
endocrine tumours have a relatively indolent behaviour 
and the liver is often the only site of metastases. An accu-
rate selection of patients is of paramount importance be-
fore considering any surgical approaches in patients with 
liver metastases. Firstly, high-grade tumours (G3) should 
be excluded by upfront surgical approach in the presence 
of liver metastases. The risk of recurrence after radical 
surgery in patients with neuroendocrine liver metastases 
is significantly higher for high-grade tumours as com-
pared with low-grade and intermediate forms  [72, 73] . 
Secondly, the presence of extra-abdominal disease needs 
to be preoperatively ruled out by high-quality imaging 
techniques and functional imaging (PET/CT with  68 Ga) 
 [74] . Lastly, the distribution of liver metastases in patients 
represents another critical issue. Patterns of localization 
of neuroendocrine liver metastases have been classified 
into 3 categories: single metastasis of any size (type I); 
isolated metastatic bulk accompanied by smaller depos-
its, with both liver lobes always involved (type II); and 
disseminated metastatic spread, with both liver lobes al-
ways involved (type III)  [75] . Radical resection for pa-
tients with type I metastatic siNETs or PanNETs is associ-
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ated with good outcomes and significantly better survival 
rates when compared to patients who undergo medical 
treatments alone  [73] . On the other hand, a surgical ap-
proach for patients with type II liver metastases is more 
controversial. For this pattern of metastatization, a 2-step 
approach, which includes resection of left metastases as-
sociated with a right portal vein ligation followed by right 
hepatectomy, may be proposed  [70, 71, 76, 77] . 

  Statement 
 Radical resection of resectable or potentially resectable neu-

roendocrine liver metastases is suggested in selected patients 
with well-differentiated (G1–G2) tumours in the absence of ex-
tra-abdominal metastatic disease. 

  When Should the Primary siNETs Be Operated in the 
Presence of Unresectable Liver Metastases? 
 Resection of primary siNETs in the presence of unre-

sectable liver metastases plays an important role in pre-
venting complications related to bowel obstruction or in-
testinal ischemia and improving symptoms associated 
with hormonal secretion  [78–80] . If symptomatic for oc-
clusion, surgery is the only way to achieve symptoms re-
lief. Primary siNET resection seems to also be associated 
with a prolonged overall survival when associated with an 
extensive mesenteric dissection  [78] . Nevertheless, the 
lack of prospective, randomized clinical trials does not al-
low firm conclusions on the potential benefit in terms of 
survival for primary siNET resection. 

  Statement 
 In the presence of unresectable liver metastases, palliative pri-

mary siNET resection with adequate lymphadenectomy should 
be considered to prevent or relieve symptoms related to bowel 
obstruction. 

  When Should the Primary PanNETs Be Operated in 
the Presence of Unresectable Liver Metastases? 
 The role of primary PanNET resection in the presence 

of unresectable liver metastases is still controversial. Apart 
from rare functioning forms, primary PanNETs of the 
pancreatic body/tail are usually not associated with spe-
cific symptoms. As regards pancreatic head PanNETs, the 
possible occurrence of obstructive complications such as 
jaundice or duodenal occlusion may be managed endo-
scopically or by surgical bypasses. In this light, the value 
of palliative surgery in metastatic PanNETs seems to be 
considerably limited. Nevertheless, data from retrospec-
tive studies demonstrated that primary PanNET resection 
may increase survival  [73, 81–85] . A possible mechanism 
is related to an enhanced response to peptide receptor ra-
dionuclide therapy given the less tumour burden after pri-

mary tumour removal  [83] . Palliative PanNET resection 
should be reserved to patients with well-differentiated tu-
mours (G1–G2). Moreover, the rate of complications after 
pancreaticoduodenectomy and the elevated risk of liver 
abscess after ablative liver-directed therapies related to the 
presence of biliary anastomosis could significantly affect 
the patients’ quality of life and outcome. In this light, pal-
liative resection of PanNETs located in the pancreatic 
head should not be recommended. 

  Statement 
 In the presence of unresectable liver metastases, a routine pal-

liative primary PanNET resection, especially a pancreaticoduo-
denectomy, is not justified. In selected patients with well-differ-
entiated tumours located in the pancreatic body/tail, primary 
PanNET resection may be considered. 

  Which Is the Role of Liver Transplantation in the 
Presence of siNETs or PanNETs with Unresectable 
Liver Metastases? 
 Liver transplantation is an alternative option for the 

management of patients with unresectable neuroendo-
crine liver metastases. A strict patient selection is manda-
tory before considering liver transplantation. Selection cri-
teria include the absence of extra-hepatic disease, histo-
logical confirmation of a well-differentiated (G1–G2, Ki67 
<10%) neuroendocrine tumour, previous removal of pri-
mary tumour, metastatic diffusion <50% of the total liver 
volume, stable disease to therapies for at least 6 months 
prior to transplant consideration, and age <60 years  [86] . 
Exploratory laparotomy or laparoscopy to detect perito-
neal deposits may be considered  [87, 88] . The failure to 
detect the primary tumour before transplantation should 
not be considered as an absolute contraindication  [89] . 
Only if these strict criteria are met will patients benefit 
from liver transplantation, since they have a significantly 
better survival when compared with those who undergo 
alternative medical and interventional treatments  [86, 89] . 

  Statement 
 Liver transplantation for unresectable neuroendocrine liver 

metastases may be proposed to highly selected patients according 
to strict clinical and pathological criteria. 

  Postoperative Complications  

 What Is the Minimal Acceptable Rate of Postoperative 
Complications after Surgery for siNETs? 
 Surgery for siNETs can be very challenging since most 

patients already have a gross nodal involvement or me-
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tastases at diagnosis. The rate of surgical complications 
has been reported to be between 7.5 and 30% with a mor-
tality rate of 1–1.5%  [12, 48, 50] . The difference in terms 
of postoperative morbidity and mortality rates between 
high-volume and low-volume centres may not be firmly 
evaluated  [48] . Most of the patients are treated in low-
volume institutions, usually in emergency settings due to 
intestinal complications, and they are generally referred 
to high-volume hospitals for more extensive resection. 

  Statement 
 The minimal acceptable rate of postoperative complications 

after surgery for siNETs is less than 30% with a mortality rate of 
less than 1.5%.

  What Is the Minimal Acceptable Rate of Postoperative 
Complications after Surgery for PanNETs? 
 Pancreatic surgery is demanding and associated with 

a high risk of morbidity and mortality. High-volume pan-
creatic resection is a crucial criterion for having an ac-
ceptable risk of postoperative complications and surgery-
related deaths  [90] . Additionally, it should be pointed out 
that pancreatic surgery for PanNETs is associated with a 
higher risk compared with other pancreatic malignancies 
 [91, 92] . Patients with PanNETs usually have potential 
risk factors for pancreatic fistula such as a soft pancreatic 
texture and a non-dilated main pancreatic duct. Rates of 
postoperative complications are classified according to 
the type of pancreatic resection. For standardized pancre-
atic resection, the rate of postoperative complications is 
around 30–50% with a mortality risk for pancreaticoduo-
denectomy and distal pancreatectomy of less than 5% and 
less than 1%, respectively  [91, 93–95] . 

  Statement 
 The minimal acceptable rate of postoperative complications 

after surgery for PanNETs is 50% with a mortality rate of 5% for 
pancreaticoduodenectomy and 1% for distal pancreatectomy.

  Laparoscopic Approach 

 What Is the Place of Laparoscopy or Minimally 
Invasive Surgery in Patients with siNETs? Is There a 
Role of Laparoscopic Approach in the Presence of Liver 
Metastases? 
 The role of a laparoscopic approach for siNETs resec-

tion has been poorly investigated. Laparotomy is usually 
the approach of choice, because it allows an optimal ex-
ploration of the entire abdominal cavity and vascular 
control at the origin of superior mesenteric vessels  [12, 

96] . A laparoscopic resection could be attempted only in 
the absence of gross lymph nodal masses or lymph nodes 
around the superior mesenteric artery axis, which might 
predict the impossibility of complete nodal resection 
 [96] . It has also be ensured when choosing a laparoscopic 
approach that the small bowel can be bidigitally palpated 
from the ligament of Treitz to the caecum to detect mul-
tifocal siNETs. Under these circumstances, laparoscopic 
hepatectomy for neuroendocrine liver metastases from 
siNETs may be a valuable option for reducing the risk of 
blood loss and shortening the length of stay  [97] .

  Statement 
 The role of the laparoscopic approach for siNETs should be 

limited to early forms without gross nodal involvement irrespec-
tive of the presence of liver metastases. 

  Which Are the Criteria (Tumour Size, Localization, 
etc.) for Defining Laparoscopy or Minimally Invasive 
Surgery as the Approach of Choice for PanNETs?  
 Minimally invasive pancreatic resection has gained 

widely acceptance in the last decade  [98] . Several pancre-
atic procedures such as distal pancreatectomy, enucle-
ation, and central pancreatectomy may now be safely per-
formed laparoscopically or robotically. The laparoscopic, 
including robot-assisted, approach is associated with a 
lower blood loss, a lower overall complication rate, and a 
shorter length of hospital stay  [98] . Nevertheless, there is 
a substantial lack of data on oncological outcomes.

  Statement 
 Minimally invasive pancreatic resection of localized Pan-

NETs of the body/tail can be considered. The minimally invasive 
approach should always warrant the oncological principles, in-
cluding adequate lymphadenectomy and clearance of surgical 
margins. 
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with biotherapy. More recently, novel targeted drugs, such 
as the mammalian target of rapamycin inhibitor everolimus 
and the multiple tyrosine kinase inhibitor sunitinib, have 
been introduced in the management of NETs. Although tar-
geted drugs are generally well tolerated, with most adverse 
events being of mild to moderate severity and manageable, 
novel targeted drugs exhibit a distinct adverse event profile 
that warrants guidance for appropriate diagnostic and ther-
apeutic management. This is particularly important given 
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 Abstract 

 Systemic therapies established in the management of pa-
tients with neuroendocrine tumors (NETs) include soma-
tostatin analogs and interferon-α, also referred to as biother-
apy. Recent randomized controlled studies have extended 
the knowledge on the frequency of side effects associated 
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the widespread and potentially long-term use of everolimus 
in a broad spectrum of NETs and of sunitinib in pancreatic 
NETs. This review will focus on the most relevant toxicities 
associated with biotherapy and novel targeted drugs and on 
their management. For each drug class indication, adminis-
tration and dosing schedule, most frequent adverse events, 
actions and dose adjustments for adverse events as well as 
their monitoring are presented. This review further covers 
the evaluation of treatment effect, patient information, drug 
interactions, and information on pregnancy. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Recently updated ENETS consensus guidelines pro-
vide a comprehensive overview on the use of systemic 
therapies and their indications in neuroendocrine tumors 
(NETs)  [1]  while standards of care (SOC) guidelines give 
advice on how to safely use drugs. Systemic therapies es-
tablished in the management of patients with NETs in-
clude somatostatin analogs (SSAs), interferon (IFN)-α, 
also referred to as biotherapy, and novel targeted agents 
such as the mammalian target of rapamycin inhibitor 
everolimus and the tyrosine kinase inhibitor sunitinib. 
Other novel targeted agents evaluated in phase 2 trials 
(e.g., bevacizumab, axitinib, or pazopanib) remain inves-
tigational (pending further validation in phase 3 studies 
and subsequent licensing) and will not be covered by 
these guidelines. SOC guidelines for systemic chemother-
apy will be covered in a separate chapter  [2] .

  Established systemic therapies are presented separate-
ly by drug class covering a brief summary of the indica-
tion, administration and dosing schedule, adverse events 
(AEs), actions and dose adjustments for AEs, monitoring 
of AEs, evaluation of treatment effect, patient informa-
tion, drug interactions, and information on pregnancy 
and lactation. The severity of AEs is indicated by Com-
mon Terminology Criteria for Adverse Events  [3] .

  Somatostatin Analogs 

 Indication 
 SSAs are indicated to treat symptoms related to pep-

tide hypersecretion in functionally active NETs; this in-
cludes distinct clinical syndromes such as carcinoid syn-
drome, and syndromes related to duodenal NETs or pan-
creatic NETs (pNETs) (e.g., VIPoma, glucagonoma, or 
gastrinoma) and, more rarely, parathyroid hormone-re-

lated peptide-secreting tumors. Malignant somatostatin 
receptor-2-positive insulinoma may respond to an SSA; 
however, it should be used with caution since hypoglyce-
mia may worsen due to decreased secretion of gluca-
gon  [4] . 

  Further, SSAs are indicated to inhibit tumor growth in 
NETs  [5, 6] . In this respect, octreotide LAR is registered 
for midgut NET and NET of unknown primary, and lan-
reotide autogel is registered for intestinal and pNET and 
NET of unknown primary. In general, somatostatin re-
ceptor status should be positive on somatostatin receptor 
imaging if an SSA is going to be used with antiprolifera-
tive intent  [7] .

  Administration and Dosing Schedule 
 Octreotide and lanreotide are registered drugs for 

NETs in Europe. Octreotide is available as a short-acting 
subcutaneous (s.c.) formulation and as long-acting intra-
muscular injection (octreotide LAR 10, 20, and 30 mg). 
Lanreotide, available only as long-acting formulations 
(30, 60, 90, and 120 mg), is administered by deep s.c. in-
jection.

  The optimal antiproliferative doses have not been in-
vestigated; however, based on placebo-controlled phase 3 
trials, octreotide LAR 30 mg/month and lanreotide 120 
mg/month, respectively, are recommended. Although 
lower doses may be used for control of hormonal symp-
toms, knowledge of the antiproliferative effect at the eval-
uated doses makes these doses preferable in these pa-
tients. 

  The starting dose of octreotide LAR, according to the 
summary of product characteristics (SPC), is 20 mg for 
symptom control (with 2-week overlap for patients estab-
lished on s.c. octreotide) and 30 mg as an antiproliferative 
agent. Depending on the severity of symptoms and spread 
of the disease, some patients with functioning NETs may 
need 30 mg octreotide LAR. For lanreotide, the SPC gives 
a starting dose range of 60–120 mg/month. Tolerability 
to an SSA may be tested with s.c. doses of octreotide (50–
100 μg b.i.d. or t.i.d., with escalation over 3–4 days, up to 
600 μg/day) in patients considered to be sensitive to side 
effects. In general, SSA treatment is maintained for as 
long as the patient is benefitting. 

  In cases of refractory carcinoid syndrome or uncon-
trolled specific symptoms (e.g., diarrhea) related to func-
tionally active pNET, SSA doses may be increased to 
above-label doses by shortening the injection interval 
from 4-weekly to 3- or even 2-weekly if clinically required 
 [8] . Alternatively, if an immediate effect is required, “res-
cue” octreotide 100–200 μg s.c. may be used on an as-re-
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quired basis. In addition, if other drugs (e.g., IFN) or 
treatments (e.g., locoregional therapies) are considered 
unfeasible, octreotide s.c. may be used on a regular sched-
ule (e.g., 100–200 μg b.i.d. or t.i.d.). 

  In patients with carcinoid syndrome, a continuous in-
travenous infusion of octreotide (50–100 μg/h) is re-
quired before surgery or any scheduled interventional 
therapies, continuing for 24–48 h depending on the type 
of surgery and extent of tumor burden. The infusion 
should start preferably 12 h prior to surgery. For more 
details, see the chapter on perioperative management  [9] .

  Above-label dosages of SSA are not only used for im-
proved syndrome control but also for tumor growth con-
trol in slowly growing tumors although not approved in 
this indication. Octreotide at a dose of 60 mg (2 injections 
with 30 mg every 4 weeks) has been explored in the NET-
TER-1 trial  [10] ; however, more frequently 30 mg is used 
every 3 or even every 2 weeks. Lanreotide 120 mg every
2 weeks for antiproliferative purpose is under evaluation 
in a clinical trial (NCT02651987; www.clinicaltrials.gov). 
A higher than standard dose of either octreotide or lan-
reotide can be considered outside of clinical trials in se-
lected cases, with radiological progression within a long 
time frame (2–3 years) or low tumor burden or any other 
setting where alternative treatment options such as evero-
limus or peptide receptor radionuclide therapy in intesti-
nal NET, and chemotherapy or targeted agents in pNET 
seem not appropriate or feasible.

  Adverse Events 
 SSAs are generally well tolerated  [11] ; in the phase 3 

trials, discontinuation due to treatment-related AEs was 
reported in only 1% of patients with enteropancreatic 
NETs with lanreotide  [6]  and in 12% of patients with 
midgut NETs with octreotide LAR  [5] .

  The most frequent AEs are gastrointestinal disorders 
including abdominal discomfort or pain, nausea, flatu-
lence, and diarrhea. In general, these AEs resolve within 
2–3 weeks on treatment. To reduce gastrointestinal AEs, 
dose escalation of SSA may be instituted as described pre-
viously. Transient hypoglycemia, usually not clinically 
significant, may occur and can be avoided by regular food 
intake. Bradycardia, a very rare AE, has been reported af-
ter s.c. injection of octreotide or when given as an intra-
venous bolus in larger doses  [12–15] , it should be consid-
ered if other causes have been ruled out. 

  SSAs modestly suppress thyroid-stimulating hormone 
(TSH) secretion, but in general do not cause clinically ev-
ident hypothyroidism requiring thyroid hormone re-
placement  [16] .

  AEs occurring with long-term use of SSAs include 
diarrhea/steatorrhea due to pancreatic enzyme insuffi-
ciency; sludge in the gallbladder or gallstones; hypergly-
cemia, hypocalcaemia, and vitamin B 12  deficiency. Defi-
ciency of one or more fat soluble vitamins has been de-
scribed in more than 70% and multiple deficiencies in 
38% of patients with long-term SSA use for  ≥ 18 months. 
These included deficiencies for vitamin A, D, E, K, and 
E in erythrocytes in 6, 28, 15, 63, and 58% of the patients 
 [17] . Subcutaneous nodules at the site of depot injec-
tions are not uncommon. Hair loss is reported in few 
patients.

  Actions and Dose Adjustments of SSA for AEs 
 In general, dose reductions, to 10–20 mg octreotide 

LAR/month or 60–90 mg lanreotide autogel/month for 
AEs, are rarely needed. 

  Pancreatic enzyme insufficiency is a common AE dur-
ing treatment with SSAs  [18] ; if diarrhea/loose stools oc-
cur, determination of fecal elastase to establish the diag-
nosis of pancreatic enzyme insufficiency is recommended 
as well as substitution with pancreatic enzymes, if con-
firmed. Other causes of diarrhea related to surgery (e.g., 
bacterial overgrowth, short bowel syndrome, or bile acid 
loss) or more general causes of diarrhea (e.g., lactose in-
tolerance) should be considered and excluded. Use of 
cholestyramine in cases of bile acid loss or loperamide, if 
no specific reason for diarrhea can be identified, is recom-
mended.

  Gallstones   have been reported in 10% of the patients 
with lanreotide autogel and in 14% of those with octreo-
tide LAR in the CLARINET and PROMID trials, respec-
tively  [5, 6] . If symptomatic, the gallbladder should be 
removed. In cases of planned surgery for primary tumor 
or metastases, or abdominal surgery unrelated to NET, a 
prophylactic cholecystectomy can be considered.

  Hyperglycemia occurred in 5% of patients with 120 mg 
lanreotide autogel/month in the CLARINET study, and 
was reported in 5% of patients with carcinoid syndrome 
when treated with 40 mg/month octreotide LAR (2% of 
grade 3–4)  [19] . Patients with impaired glucose tolerance 
or diabetes mellitus should be monitored closely when 
SSA therapy is initiated; initiation or adjustment of anti-
diabetic therapy might be necessary.

  Vitamin B 12  deficiency may occur with SSA therapy 
 [20]  and should be substituted. Similarly, in cases of vita-
min D deficiency or deficiency of other fat soluble vita-
mins substitution is recommended.

  Thyroid hormone replacement is indicated with the 
occurrence of hypothyroidism . 
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  In  ≤ 1% of patients, severe and/or durable SSA-related 
diarrhea, or increased diarrhea and/or flushing in carci-
noid syndrome due to paradoxical release of mediators, 
or exacerbation of hypoglycemia in metastatic insulino-
ma may occur  [21] . In such cases, SSA should be stopped 
and an alternative treatment considered.

  Monitoring of AEs 
 Before starting an SSA, the following investigations 

should be performed:
  – Physical examination with determination of blood 

pressure and heart rate 
 – Laboratory: blood cell count, transaminases, bilirubin, 

blood glucose, HbA 1c , electrolytes (including calci-
um), creatinine, TSH, vitamin D and vitamin B 12  

 – Electrocardiogram (ECG) 
 – Ultrasound of the gallbladder  

 During follow-up, the following investigations are ad-
vised: 
  – Physical examination with determination of blood 

pressure and heart rate 
 – Laboratory: blood cell count, transaminases, bilirubin, 

blood glucose, HbA 1c  (if hyperglycemia develops), 
electrolytes (including calcium), creatinine at 1 month 
and 3-monthly thereafter; vitamin B 12 , fat-soluble vi-
tamins and TSH should be monitored annually 

 – Fecal elastase if steatorrhea occurs 
 – ECG if clinically indicated (bradycardia, signs of 

chronic heart failure); in patients with carcinoid heart 
disease, ECG and echocardiography should be regu-
larly performed (every 3–12 months depending on the 
severity)  

 – Ultrasound of the gallbladder if clinically indicated 

 Evaluation of the Treatment Effect 
 Biochemical Control 
 Before starting therapy, the following biomarkers 

should be measured:
  – Chromogranin A (CgA); neuron-specific enolase 

(NSE) may be considered in grade 2 NET if CgA is 
normal. 

 – 5-Hydroxyindole acetic acid (5-HIAA) in blood or 
24-h urine (collection on acetic acid or hydrochloric 
acid, depending on local laboratory requirements) in 
patients with (suspected) carcinoid syndrome. 

 – Additional tumor markers, if indicated, depending on 
the type of tumor (e.g., gastrin, vasoactive intestinal 
polypeptide [VIP], glucagon, or insulin). 
 At follow-up, biomarkers elevated at baseline should 

be remeasured at 3 months, then in parallel to imaging 

(see below), if specific symptoms increase or new symp-
toms appear, or in case of clinical suspicion of progressive 
disease.

  Tumor Response 
 Before treatment and during follow-up, the following 

investigations are recommended:
  – Cross-sectional imaging, either CT or MRI of the liver 

and abdomen every 3–6 months depending on tumor 
grade and primary tumor origin (e.g., 6-monthly in 
grade 1 small intestinal NET, and every 3 months in 
grade 2 pNET); the interval can be prolonged to 1 year 
if the disease is stable after 3–5 years.  

 – Somatostatin receptor imaging (if not previously avail-
able or older than 1 year); either an octreoscan or  68 Ga-
SR-PET/CT to assess somatostatin receptor status
and for whole-body staging  [7] . Repeat somatostatin 
receptor imaging after 12–24 months according to
ENETS guidelines  [22] .  

 – CT of the thorax if somatostatin receptor imaging re-
vealed thoracic lesions; then every 3–12 months de-
pending on tumor grade and growth rate. 

 Patient Information 
 – Patients with carcinoid syndrome should receive in-

formation on dietary restrictions (to avoid food that 
elevates serotonin in blood) before biochemical assess-
ment of 5-HIAA in blood or 24-h urine. This is par-
ticularly important if the diagnosis of carcinoid syn-
drome needs to be established in patients with mild 
symptoms suspicious of carcinoid syndrome. Drugs 
that can interfere with 5-HIAA determination and are 
not necessarily needed should be avoided.  

 – Certain foods (with a high or moderate amount of 
amines; very spicy foods; or high-fat meals) and alco-
holic beverages may induce flushing and/or diarrhea, 
and thus should be avoided.  

 Drug Interactions 
 – The bioavailability of bromocriptine, quinidine, or 

terfenadine may be increased by octreotide or lanreo-
tide. 

 – Cyclosporin: reduction of serum cyclosporine levels 
have been recorded that may increase the risk of trans-
plant rejection.  

 – Patients receiving insulin, oral antidiabetic agents, 
β-blockers (e.g., propranolol, bisoprolol, carvedilol, or 
atenolol), calcium channel blockers, or agents to con-
trol fluid and electrolyte balance may require dose ad-
justments of these treatments while on SSA.  
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 Precise information on drug interactions can be re-
trieved from the US Food and Drug Administration 
(FDA)  [23] .

  Pregnancy and Lactation  
 Data concerning the use of SSA in pregnancy are very 

limited. Pregnancy has been reported in women while on 
octreotide or lanreotide; based on these case reports and 
animal studies, SSAs seem not to be teratogenic or geno-
toxic  [24, 25] . However, octreotide does cross the placen-
ta, and data are too limited to fully assess the human fetal 
risk  [25] . Therefore, the use of SSA should only be con-
sidered if the assumed benefits far outweigh potential 
risks following multidisciplinary discussion between the 
oncologist, endocrinologist, and gynecologist.

  There are no data on the excretion of SSA into human 
milk, but animal studies have shown excretion of octreo-
tide into breast milk, so it is preferable that patients do 
not breast-feed while on SSA treatment or this should be 
done with great caution  [25] .

  Interferon 

 Indication  
 IFN-α 2b  is registered in Europe for the treatment of 

NETs associated with carcinoid syndrome; it is also used 
for functionally active pNETs (e.g., VIPoma, glucagono-
ma, or insulinoma) to improve symptoms related to hy-
persecretion of amines and peptides. In general, it is used 
as an add-on therapy to SSA in refractory carcinoid syn-
drome or if SSAs are not the preferred choice (e.g., nega-
tive somatostatin receptor status) or not tolerated. Un-
controlled and prospective randomized trials have shown 
activity of IFN similar to that of SSA in gastroenteropan-
creatic NETs  [26–28] . A recent large controlled trial in 
advanced “carcinoids” supported its antiproliferative ac-
tivity  [29] . However, IFN is not registered as an antipro-
liferative agent, but may be considered as an option, par-
ticularly in patients with non-pNET  [1] .

  Administration and Dosing Schedule  
 The most frequently used recombinant IFN prepara-

tions have been IFN-α 2b  and IFN-α 2a , which differ from 
each other by a single amino acid residue. More recently, 
pegylated (PEG) forms of IFN are in clinical use. Standard 
IFN-α is administered s.c. thrice weekly; PEG IFN-α once 
weekly. According to the SPC (http://www.ema.europa.
eu/ema/) and ENETS guidelines, the standard dose of 
IFN-α 2b  (IntronA ® ) is 3–5 MU 3 times a week  [1] . A 

starting dose of 3 MU 3 times a week is recommended 
with titration of the dose according to tolerability. The 
standard dose of IFN-α 2a  (Roferon ® ) is 3–4.5 MU 3 
times a week. For safety reasons, the white blood cell 
count should not be lower than 3 × 10 9 /L. 

  PEG-IFN-α 2b  (PEG-Intron TM ), at a dose of 0.5 μg/kg, 
has been used in NETs  [30, 31] ; starting at 50 μg/week s.c., 
the dose is increased in 4-weekly intervals up to 150 μg/
week (depending on weight and tolerability). Dose in-
crease to 150 μg/week is very rarely necessary.

  IFN-α should be interrupted 3–4 weeks before sur-
gery, peptide receptor radionuclide therapy or transarte-
rial embolization/transarterial chemoembolization and 
for at least 2–4 weeks thereafter (in exceptional cases, it 
may not be feasible to interrupt IFN due to severe carci-
noid syndrome, especially in patients with a high tumor 
burden).

  Contraindication 
 IFN should not be used in patients with severe auto-

immune diseases (e.g., rheumatoid arthritis and system-
ic lupus erythematosus [SLE]); if psychiatric disorders 
(e.g., depression or psychosis) are present or previously 
reported; in patients with severe renal or hepatic insuf-
ficiency or epilepsy; or after organ transplantation.

  Caution is advised in elderly patients (>70 years) be-
cause of the frequency of impaired hepatic, renal, bone 
marrow, or cardiac function; concomitant diseases; or 
other drug therapy.

  Adverse Events  
 In comparison to SSA, IFN needs to be interrupted 

more frequently for AEs  [26–28] . These include:
  – Fever and flu-like symptoms (chills, malaise, head-

ache, myalgia, tachycardia) are common (affecting 
approx. 90% of patients) during therapy with stan-
dard IFN-α; occurring mostly within 1–2 h after injec-
tion.  

 – Fatigue or weight loss occurs in about 50% of patients 
(26% of grade 3–4)  [28] . 

 – Myelosuppression leading to dose-dependent leuko-
penia (7% of grade 3–4), lymphopenia, anemia (30%), 
and thrombocytopenia (20%). 

 – Autoimmune disorders occur in up to 20% of patients, 
most frequently hyperthyroidism (Basedow disease) 
or Hashimoto disease; others include vasculitis,
Raynaud phenomenon, rheumatoid arthritis and SLE. 

 – Psychiatric side effects, especially depression. 
 – Reversible hair loss.  
 – Polyneuropathy (rarely). 
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 – Mild hepatotoxicity (elevation of transaminases) in 
30% of patients; fatal hepatotoxicity has been reported, 
but is extremely rare. 

 – Elevated triglyceride levels. 
 AEs of grade 3–4 are less frequently reported with 

PEG-IFN-α 2b  (fatigue 25%, myalgia <10%, headache 0%) 
 [30, 31] , compared to convential IFN-α2b.

  Actions and Dose Adjustments of IFN for AEs 
 If standard IFN therapy is not tolerated, PEG-IFN may 

be used instead unless serious AEs occurred, such as psy-
chiatric disorders including depression, or serious auto-
immune diseases.
  – Flu-like symptoms: may be attenuated by premedica-

tion with paracetamol (1,000 mg orally or rectally) or 
aspirin/NSAIDs.  

 – For grade 2–3 fatigue or weight loss, reduce dose or 
stop treatment. 

 – Reduce IFN dose if leukocytes drop below 3 × 10 9 /L.  
 – Autoimmune hyperthyroidism may be transient but 

may also require thyrostatic drugs (e.g., a thioamide). If 
tachycardia is present, β-blockers may be used. Hashi-
moto disease requires thyroid hormone substitution. 
 Discontinuation of IFN is required under the follow-

ing conditions:
  – Psychiatric disorders 
 – Severe bone marrow depression 
 – Severe weight loss (grade 3) 
 – Severe hepatic disease; discontinue IFN for any patient 

developing signs or symptoms of liver failure 
 – Autoimmune disease, such as SLE, rheumatoid arthritis 

 Monitoring of AEs 
 Patients should be seen regularly by a physician every 

4–6 weeks initially for assessment of the general condi-
tion, performance status (PS) and body weight.

  Before starting IFN, the following investigations 
should be performed:
  – Laboratory: blood cell count, transaminases, bilirubin, 

albumin, prothrombin time, blood glucose, electro-
lytes including calcium, creatinine, thyroid function 
tests (according to local practice), triglycerides  

 – ECG 
 In the follow-up, the following investigations are

recommended: 
  – Laboratory: blood cell count, transaminases, bilirubin, 

blood glucose, electrolytes including calcium, creati-
nine, triglycerides at 1 month and 3-monthly thereaf-
ter; vitamin B 12  and TSH once a year 

 – ECG if clinically indicated (tachycardia, arrhythmia) 

 Evaluation of Treatment Effect 
 Biochemical Control 
 Before starting therapy, the following biomarkers 

should be measured:
  – CgA; NSE may be considered in grade 2 NET.  
 – 5-HIAA in blood or 24-h urine (collection on acetic 

acid or hydrochloric acid, depending on local labora-
tory requirements) in patients with (suspected) carci-
noid syndrome. 

 – Additional tumor markers, if indicated, depending on 
the type of tumor (e.g., gastrin, VIP, glucagon, or in-
sulin). 
 At follow-up, biomarkers elevated at baseline should 

be remeasured at 3 months; then in parallel to imaging 
(see below); if specific symptoms increase or new symp-
toms occur; or in case of clinical suspicion of progressive 
disease.

  Tumor Response 
 Before treatment and during follow-up, the following 

investigations are recommended:
  – Cross-sectional imaging, either CT or MRI of the liver 

and abdomen every 3–6 months depending on tumor 
grade and primary tumor origin (e.g., 6-monthly in 
grade 1 small intestinal NET, and every 3 months in 
grade 2 pNET); the interval can be prolonged to 1 year 
if the disease is stable after 3–5 years.  

 – CT of the thorax if somatostatin receptor imaging re-
vealed thoracic lesions; then every 3–12 months de-
pending on tumor grade and growth rate. 

 Patient Information 
 – Patients should be informed that the most common 

AE is flu-like symptoms (fever, headache, fatigue, an-
orexia, and nausea or vomiting); these usually decrease 
in severity as treatment continues; symptoms may be 
minimized by bedtime doses and premedication with 
paracetamol.  

 – In case of suspected infections, patients should be ad-
vised to see their physician to determine white blood 
cell count and infective markers (C-reactive protein/
pro-calcitonin).  

 – Patients should be informed that IFN may cause 
drowsiness or dizziness and that depressed mood may 
occur, even after long-term use, and requires prompt 
consultation.  

 – Patients are to be advised that they may develop fa-
tigue, somnolence, or confusion during treatment 
with IFN and, therefore, it is recommended that they 
avoid driving or operating machinery. 
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 – IFN should be stopped 3–4 weeks prior to surgery and 
after surgery depending on comorbidities/complica-
tions to decrease perioperative risk of infections.  

 Drug Interactions 
 There are multiple drug interactions with IFN-α 2b  

and IFN-α 2a ; please refer to the product’s SPC. Selected 
drug interactions include:
  – Inhibition by IFN of the hepatic enzymes  CYP1A2  and 

 CYP2C19 . 
 – Ribavirin: concurrent treatment may increase the risk 

of hemolytic anemia. 
 – Theophylline: IFN   may inhibit hepatic metabolism of 

theophylline, therefore monitor for increased levels/
effects. 

 – Zidovudine: IFN may decrease zidovudine metabo-
lism; the neutropenic effects of zidovudine and IFN 
may be synergistic and require monitoring. 
 Precise information on drug interactions can be re-

trieved from the US Food and Drug Administration 
(FDA)  [23] .

  Pregnancy and Lactation  
 Contraceptive measures are recommended during 

therapy. Pregnancies have been described with IFN ther-
apy  [32] . Although no congenital malformations have 
been reported in a series of 27 infants, intrauterine growth 
retardation was present in 22%. As for lactation, the effect 
is undetermined; discontinue breast-feeding or the drug.

  Targeted Therapy 

 This section focuses on novel targeted drugs, everoli-
mus and sunitinib, which are registered for use in ad-
vanced NETs; therapy should be in the hands of experi-
enced clinicians. In fact, several physicians may be in-
volved in the management of AEs, including the primary 
physicians. Awareness of potential side effects and in-
struction of the patient may help to optimize therapy 
management. The aim of these SOC guidelines is to pro-
vide guidance for diagnosis and management of AEs. 

  Everolimus 
 Indication 
 Everolimus is an inhibitor of the mammalian target of 

rapamycin, an intracellular protein kinase downstream
of the phosphatidylinositol 3-kinase/Akt pathway in-
volved in key components of tumorigenesis, including 
cell growth, proliferation, and angiogenesis.

  Everolimus is registered for therapy of advanced, pro-
gressive pNETs and for advanced, progressive grade 1/
grade 2 nonfunctional NETs of gastrointestinal or lung 
origin  [33, 34] . Everolimus may improve symptoms from 
NET-related endocrine hypersecretion; particularly in 
patients with metastatic insulinomas  [35] .

  Administration and Dosing Schedule  
 The recommended dose of everolimus is 10 mg/day as 

a continuous oral treatment. Prescribers should refer to 
the SPC from the European Medicines Agency (EMA)
for updated prescribing information (http://www.ema.
europa.eu/ema/). Side effects may lead to treatment dis-
continuation in 17–25% of patients and to dose reduc-
tions in 60% of patients to 5 mg/day or even 5 mg every 
other day. Treatment interruption is advised if grade 3–4 
treatment-related AEs develop, until recovery to grade 
<1. Then treatment may be reinitiated generally with dose 
adjustments as indicated below. 

  Hepatic impairment will increase the exposure to 
everolimus and requires dose reduction to 7.5 mg daily in 
patients with mild hepatic impairment (Child-Pugh class 
A) and 5 mg daily in patients with moderate hepatic im-
pairment (Child-Pugh class B). The dose may be further 
decreased by one dose level if not well tolerated.

  Interruption of everolimus should be considered at 
least 2 weeks, preferably 3–4 weeks, prior to surgical in-
terventions and thereafter to minimize potential immu-
nosuppressive effects and increased infection risk. 

  Adverse Events 
 Although generally well tolerated, with most AEs of 

mild to moderate severity and manageable, everolimus 
exhibits a distinct AE profile. Frequencies of AEs are ex-
tracted from RADIANT-2 and RADIANT-3 trial data 
 [33, 36] ; the most relevant toxicities include: 
  – Stomatitis: oral ulceration (inflammation of the mu-

cous membranes of the oral cavity, inner surface of the 
lips or tongue) represents the most common AE re-
ported in >60% of patients (7–9% of grade 3–4). It usu-
ally occurs within the first 8 weeks of treatment, with 
decreasing prevalence thereafter; mucosal lesions usu-
ally resolve within 10–14 days of treatment discontin-
uation. 

 – Skin rash (featuring papulopustular or maculopapular 
eruptions which may be pruritic) is a common AE; re-
ported in 29–49% of patients, it is mostly mild to mod-
erate in severity. Impaired wound healing may occur. 

 – Diarrhea   occurs in 30% of patients and is mostly mild 
to moderate (grade 3–4 in 3–7% of patients). 
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 – Myelotoxicity: anemia or thrombocytopenia occurs in 
less than 20% of the patients, and is rarely ( ∼ 5%) grade 
3–4. 

 – Infections   occur in around 20% of the patients and 
may range from a simple cold to pneumonia or oppor-
tunistic infections including invasive fungal infections 
(e.g., aspergillosis or candidiasis). Although most in-
fections in the trials were mild, some were severe (2–
7%) and culminated in respiratory failure and sepsis 
and were occasionally fatal  [37] . There is a risk of re-
activation of latent hepatitis B virus infection. 

 – Noninfectious pneumonitis occurs in 12–17% of pa-
tients and is characterized by noninfectious lung infil-
trates and negative blood and bronchoalveolar lavage 
bacterial tests. Typical findings are ground-glass atten-
uation and focal consolidation, mainly in the lower 
lobes on CT or chest X-ray. Clinical symptoms such as 
dyspnea or cough are typical, but may be absent. 

 – Metabolic abnormalities include hyperglycemia, hy-
perlipidemia and hypophosphatemia. Hyperglycemia 
of any grade was reported in 12% of patients with 
everolimus and octreotide LAR in RADIANT-2, and 
was in a similar range (13%) in pNET in RADIANT-3; 
grade 3–4 hyperglycemia occurred in 5%. Raised
triglyceride and cholesterol levels were reported in
39 and 66%, respectively. Hypophosphatemia (which 
may cause muscle weakness) occurred in 40% of pNET 
patients, 10% of which were grade 3–4.  

 – Renal function: mild reversible creatinine elevation 
has been reported in around 20% of patients with 
pNET (RADIANT-3); 1% were graded 3–4. 

 – Asthenia or fatigue is reported in one-third of treated 
patients, although it is generally mild to moderate 
(only in 1–2% it is of grade 3–4). 

 – Peripheral edema occur in 13–20% of the patients, but 
are very rarely severe ( ≤ 1% grade 3–4). 

 Actions and Dose Adjustments of Everolimus for 
AEs  [38]  

 – Stomatitis 
 • Stomatitis is mostly of grade 1–2; early intervention 

to prevent worsening is important. Spicy and salty 
foods should be avoided. Regular preventive oral 
rinses with isotonic saline, or alcohol- and perox-
ide-free mouthwash or sage tea are recommended. 
The use of dexamethasone mouth rinse may be 
considered to prevent stomatitis in potentially sus-
ceptible patients, based on the findings of the 
SWISH trial in postmenopausal women with breast 
cancer receiving everolimus and exemestane. The 

study demonstrated a lower incidence of stomatitis 
(2.4% grade  > 2 stomatitis at 8 weeks), compared 
with 33% in a historical control) when concomitant 
dexamethasone mouth rinse was used  [39] . 

 • Grade 1 (minimal symptoms; normal diet): con-
tinue everolimus, use oral mouth wash solutions. 

 • Grade 2 (symptomatic, but patient is able to eat ad-
equately): continue therapy if possible, or interrupt, 
until grade  ≤ 1; use topical therapies including cor-
ticosteroids. 

 • Grade 3 (insufficient oral fluid and food intake): in-
terrupt therapy until recovered to grade  ≤ 1, there-
after continue with 5 mg daily. 

 • Grade 4 (parenteral nutrition required): terminate 
everolimus. 

 – Skin rash; in general, skin lesions resolve spontane-
ously during treatment 
 • Grade 1–2 localized skin rash can be treated with 

topical cortisone creams and moisturizers. 
 • For grade 3–4 skin lesions and generalized rash, in-

terruption of everolimus and low-dose corticoste-
roids (e.g., prednisone 10–25 mg/day orally) can be 
considered until grade  ≤ 1. 

 – Noninfectious pneumonitis 
 • Grade 1 (asymptomatic radiographic findings 

only): observation, low-dose CT of the chest after 
4–6 weeks recommended. 

 • Grade 2 (symptomatic, but no impairment of daily 
activity); interrupt everolimus until grade  ≤ 1, then 
reinitiate treatment at 5 mg daily. 

 • Grade 3 (impairment of daily activity; oxygen re-
quired): interrupt everolimus until recovery to 
grade  ≤ 1; then resume at one dose level lower, if 
grade 3 pneumonitis recurs after reexposure at a 
lower dose (e.g., 5 mg/day), discontinue everolimus. 

 • Grade 4 (mechanical ventilation required, life-
threatening): terminate everolimus. 

 – Infections  
 • For all infections of grade 2–3, prompt treatment 

with appropriate antibiotic, antifungal, or antiviral 
drugs is required, with interruption of everolimus 
therapy. After recovery, reexposure at a lower dose 
is feasible. If grade 4 infections occur, everolimus 
should be discontinued. 

 – Hyperglycemia/diabetes (hyperglycemia grade  ≥ 2) 
should be treated according to EASD and ADA guide-
lines  
 • Grade 1–2: blood glucose <250 mg/dL; continue eve-

rolimus, start antidiabetic drugs if glucose >160 mg/
dL (grade 2); monitoring of glucose by the patient. 
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 • Grade 3: blood glucose >250–500 mg/dL; interrupt 
everolimus, until hyperglycemia resolves, and then 
restart therapy generally at reduced doses (5 mg/
day), although dose titration up to 10 mg/day may 
be considered if hyperglycemia is adequately con-
trolled. 

 • Grade 4: blood glucose >500 mg/dL, discontinue 
everolimus. 

 – Hyperlipidemia, hypertriglyceridemia and hypercho-
lesterolemia should be treated according to standard 
guidelines  [40]  
 • If triglyceride levels are  ≥ 500 mg/dL, use fibrates. 
 • If statins are used, be aware of potential interactions 

of statins with  CYP3A4  enzymes. 
 – Hypophosphatemia; weekly to monthly monitoring of 

serum phosphate depending on the severity 
 • Grade 1–2: should be managed with diet and oral 

phosphate (1,000–2,000 mg/day divided in 4 doses) 
depending on the severity of phosphate depletion.  

 • Grades 3 and 4: severe hypophosphatemia (<2 mg/
dL and <1 mg/dL, respectively) can lead to respira-
tory and heart failure; and requires hospitalization 
for intravenous phosphate therapy. Everolimus 
therapy should be interrupted. 

 – Creatinine elevation 
 • Grade 1–2: avoid nephrotoxic drugs; adjust antihy-

pertensive medication.  
 • Grade 3–4: interrupt everolimus; after normaliza-

tion of creatinine in grade 3 events everolimus can 
be restarted at a lower dose. 

 In general, discontinuation of therapy is recommend-
ed for grade 4 AEs according to the CTC  [3] , but there 
may be few exceptions, depending on the circumstance, 
in which clinical judgement can be used and it might be 
considered to restart therapy with dose reduction.

  Monitoring of AEs 
 Patients should be reviewed every 4 weeks while on 

treatment; with long-term therapy (>2 year) and good tol-
erability clinical follow-up can be reduced to 3-monthly.

  Before starting everolimus, the following investiga-
tions should be done:
  – Thorough physical investigation and assessment of 

comorbidities (e.g., diabetes, cardiovascular or lung 
disease, and infections). 

 – Preexisting infections should be treated appropriately 
and should have fully resolved before starting treat-
ment with everolimus.  

 – Laboratory: blood cell count, blood glucose, electro-
lytes, calcium, serum phosphate, creatinine, transami-

nases, cholesterol and triglycerides (in general, lipid 
levels should be normalized before initiating everoli-
mus therapy). 

 – Antibody status for HBV and HCV should be deter-
mined. In case of positive serology, PCR for HCV RNA 
and HBV DNA, respectively, should be determined. 

 – If clinically indicated, rule out tuberculosis by IFN-γ 
test (e.g Quantiferon ® ) or Mantoux reaction test. 

 – At baseline, a (low-dose) CT scan may be considered 
optionally for reference purposes of a later possible 
pneumonitis.  
 During treatment, the following investigations are rec-

ommended: 
  – Assessment of the general condition, PS, and weight 

every 4 weeks. 
 – Laboratory parameters should be measured regularly 

after 2 weeks, and thereafter at least on a monthly basis 
(more frequently if needed) for 3 months: blood cell 
count, blood glucose, electrolytes, calcium, serum 
phosphate, creatinine, cholesterol, and triglycerides. 
With long-term treatment, particularly if no abnormal 
findings, laboratory evaluations may be prolonged to 
2- to 3-month intervals. 

 – For patients with a history of HCV, routine HCV RNA 
monitoring is mandatory; and HBV DNA for a history 
of hepatitis B. 

 – Physicians should be vigilant for symptoms and signs 
of infection; if a diagnosis of infection is made, initiate 
appropriate treatment promptly and consider inter-
ruption or discontinuation of everolimus. 

 Evaluation of Treatment Effect 
 – Biochemical markers: CgA or NSE (if elevated prior to 

therapy); specific biomarkers (depending on function-
ality). 

 – Tumor follow-up: conventional imaging, either CT or 
MRI (whatever method depicts tumor lesions most ac-
curately) every 3 months. With long-term therapy and 
stable disease, the staging interval may be prolonged to 
6-monthly. Although RECIST evaluation has limita-
tions in NET response assessment, these criteria are 
still considered the reference method  [41] . 

 Patient Information 
 The patient should be advised 

  – that stomatitis is a frequent, but mostly transient and 
mild event.  

 – that infections may occur with everolimus therapy, 
and that oral corticosteroids should not be given while 
treatment with everolimus is ongoing.  
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 – that live vaccines need to be avoided.  
 – that an interruption of everolimus for at least 2 weeks, 

preferably 3–4 weeks prior to scheduled surgery or any 
other intervention as well as 2–4 weeks thereafter is 
needed.  

 – not to drink grapefruit juice due to its impact on me-
tabolism of everolimus. 

 – that contraception in females and males is required 
during therapy. 

 Drug Interactions 
 Everolimus is a substrate of cytochrome P450

(CYP3A4), and interacts with p-glycoprotein (pGP); thus 
a number of drugs may change the blood level of everoli-
mus. Inhibitors of CYP3A4 and pGP that are commonly 
in use include ketoconazole, erythromycin, verapamil, 
diltiazem, cimetidine, fluconazole, and cyclosporine. An-
tifungal systemic therapy may increase serum concentra-
tions of everolimus and everolimus should be adjusted 
(or serum levels monitored closely for elevation). Before 
starting everolimus, careful consideration of concomi-
tant medication is needed to rule out potential interac-
tions  [23] .

  Pregnancy and Lactation  
 Pregnancies while on everolimus-based immunosup-

pression in kidney transplant patients have been reported 
 [42] . In animal studies, toxic effects have been seen; men 
and women should adhere to contraceptive methods and 
women should not perform breastfeeding while taking 
everolimus.

  Sunitinib 
 Indication 
 Sunitinib malate is an oral multitargeted tyrosine ki-

nase inhibitor of vascular endothelial growth factor re-
ceptors, platelet-derived growth factor receptors, KIT, 
and RET. It is licensed for patients with progressive, un-
resectable, locally advanced or metastatic, well-differen-
tiated pNET based on a placebo-controlled trial  [43] ; tri-
als are ongoing to evaluate the efficacy of sunitinib in 
non-pNET.

  Administration and Dosing Schedule  
 The recommended dosing regimen of sunitinib is 37.5 

mg orally once daily as continuous therapy; note that this 
dosing schedule differs from that used for gastrointestinal 
stromal tumors and advanced renal cell cancer (50 mg 
daily for 4 weeks followed by 2 weeks off therapy [“4/2 
schedule”]). Prescribers should refer to the SPC for up-

dated prescribing information (http://www.ema.europa.
eu/ema/). The dose may be reduced to 25 mg/day or 12.5 
mg/day depending on tolerability.

  Due to the mechanism of action, sunitinib should be 
interrupted for 3–4 weeks prior to, and at least 2 weeks 
after surgical interventions due to potential bleeding risk 
and impact on wound-healing.

  Adverse Events 
 The most frequent AEs reported in the phase 3 pNET 

trial were diarrhea, nausea, asthenia, vomiting, and fa-
tigue; these were mainly grade 1–2. The commonest grade 
3–4 toxicities were neutropenia, hypertension, diarrhea, 
asthenia, and fatigue. Discontinuation due to AEs oc-
curred in 15% of patients; and 31% of patients required at 
least one dose reduction  [43, 44] . 

  Hypertension of any grade occurred in 26% of patients 
(grade 3–4 in 10%); it is an on-target AE associated with 
VEGF-1 inhibition. 
  – Neutropenia   occurred   in 29% of patients overall; only 

12% were of grade 3–4 and there were no reported cas-
es of febrile neutropenia in the phase 3 study. It is usu-
ally short-lived and may be due to neutrophil margin-
ation (vs. true neutropenia) as neutrophil levels have 
been reported as returning to normal within 24 h of 
corticosteroid administration. 

 – Gastrointestinal toxicity:   the commonest AE was diar-
rhea (59%) although only 5% were of grade 3–4. Typi-
cal onset is approximately 3 weeks into treatment and 
rarely starts beyond 6 months. Other causes (pancre-
atic duct obstruction or SSA-induced) need to be con-
sidered. Dose modification of sunitinib is rarely neces-
sary. Nausea (occurring in 45% of patients) and vomit-
ing (34%) were generally mild or moderate in severity 
and grade 3–4 events were rare; other causes (such as 
duodenal obstruction, electrolyte imbalance, etc.) 
should be considered and treated. Dysgeusia may oc-
cur. 

 – Fatigue and asthenia occur   in about 1/3 of patients 
(but grade 3–4 in only 5%). Fatigue usually develops 
during the first month of treatment, with the highest 
incidence frequently noted after 2–3 months. Other 
causes (such as hypothyroidism, anemia, malignancy 
itself, depression, electrolyte imbalance, and dehydra-
tion) need to be considered and treated. 

 – Dermatologic AEs occurred frequently in the phase 3 
pNET trial including hair and skin depigmentation 
(29% of patients), hand-foot syndrome (HFS; 23%), 
rash (18%), and dry skin (15%). Grade 3–4 HFS (6% of 
patients) is painful and may be debilitating; it particu-



 Pavel    et al.
 

Neuroendocrinology 2017;105:266–280
DOI: 10.1159/000471880

276

larly affects high-pressure (“wear and tear”) areas of 
the hands and feet  [45] . 

 – Oral toxicity, stomatitis, and mucositis: although this 
is frequently reported (48%), only 6% are severe (grade 
3–4); it often occurs during the first month of treat-
ment (peak severity occurs during the second and 
third months) and appears to stem from functional ir-
ritation of the mucosa  [46] . 

 – Thyroid dysfunction: hypothyroidism occurred in 7% 
of all cases, all of grade 1–2 severity; the exact mecha-
nisms are not known. Longer duration of sunitinib 
treatment appears to increase the incidence of all-
grade hypothyroidism  [47] .  

 – Cardiovascular events: according to the SPC, sunitinib 
may prolong the QT interval in a dose-dependent 
manner, which may lead to an increased risk of ven-
tricular arrhythmias including torsade de pointes (ob-
served in <0.1% of sunitinib-exposed patients). Suni-
tinib should be used with caution in patients with a 
history of QT interval prolongation, those taking anti-
arrhythmics, or those with relevant preexisting cardiac 
disease, bradycardia, or electrolyte disturbances. Note 
that patients with QTc intervals of >450 ms for males 
or >470 ms for females were excluded from the piv-
otal study.  

 – Thromboembolic events were not reported in patients 
treated with sunitinib in the phase 3 pNET trial.  

 Dose Adjustments for AEs 
 – Hypertension:   this is usually manageable and allows 

continued sunitinib therapy. 
 • Grade 1–2 (blood pressure elevated but <160/<100): 

use vasodilatory antihypertensive drugs (e.g., ACE 
inhibitors or angiotensin II receptor antagonists in 
preference to calcium channel blockers, diuretics 
or β-blockers. Avoid CYP4503A4 inhibitors such 
as diltiazem and verapamil (calcium channel block-
ers); this is not an issue with the dihydropyridine 
class of calcium channel blockers. Use caution with 
β-blockers and calcium channel blockers that cause 
PR elongation. 

 • Grade 3 (blood pressure  ≥ 160/100): interrupt suni-
tinib until hypertension is under control, resume at 
same dose initially but may need to reduce dose if 
grade 3 hypertension recurs.  

 • Grade 4 (life-threatening; e.g., malignant hyperten-
sion, neurological deficit, hypertensive crisis): dis-
continue sunitinib. 

 – Neutropenia: no dose adjustments are required for 
grade 1–2 neutropenia. 

 • Interruption of sunitinib is recommended for grade 
3–4 events; in case of grade 3 events, reintroduction 
of sunitinib at a reduced dose once neutropenia has 
improved to grade  ≤ 2.  

 • In grade 4 events, discontinuation of therapy is rec-
ommended; however, if lasting <1 week and with-
out any clinical symptoms/sequelae reintroduction 
of sunitinib at a lower dose can be considered in 
selected cases.  

 • For prolonged neutropenia, the use of growth fac-
tors may be considered in line with NCCN guide-
lines  [48] . 

 – Gastrointestinal toxicity .
 • Diarrhea: oral hydration and antidiarrheals usually 

suffice for grades 1–2; interruption of sunitinib is 
recommended for grades 3–4, with reintroduction 
of sunitinib at the same dose (grade 3) or at a re-
duced dose (grade 4) once diarrhea has improved 
to grade  ≤ 1. A dose reduction may be preferred fol-
lowing grade 3 diarrhea on an individual patient 
basis. 

 • Nausea/vomiting: antiemetic agents should be used 
early. Proton pump inhibitors will protect the gas-
tric mucosa but should not be given within 2 h of 
sunitinib as they may interfere with its absorption 
and metabolism. Ondansetron and related drugs 
are not recommended since they may interfere with 
sunitinib metabolism through the CYP3A4 path-
way. Dose adjustments of sunitinib are seldom nec-
essary. 

 – Fatigue: exclude secondary cause(s); interruption of 
sunitinib is recommended for grade 3 fatigue, with re-
introduction of sunitinib at a reduced dose once fa-
tigue has improved to grade  ≤ 1.  

 – Dermatological AEs rarely require dose reduction; in-
terruption of sunitinib is recommended for grades 
3–4, with reintroduction of sunitinib at a reduced dose 
once the AE (usually HFS) has improved to grade  ≤ 1. 

 – For oral toxicity, stomatitis, and mucositis symptom-
atic management is via dietary modification and oral 
care, dose adjustments/interruptions for oral toxicity 
are seldom necessary.  

 – Thyroid dysfunction: regular surveillance of thyroid 
function is recommended (initially 12-weekly and 
symptom-directed). Overt hypothyroidism should be 
treated with thyroid hormone replacement therapy ac-
cording to local guidelines. Asymptomatic subclinical 
hypothyroidism should be monitored and treated if 
hypothyroidism becomes overt; sunitinib dose 
modifications are generally not required.  
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 – Cardiovascular events: periodic monitoring (ECG and 
electrolytes) should be considered and additional 
monitoring for signs and symptoms of congestive 
heart failure employed. The dose of sunitinib should 
be interrupted and/or reduced in patients without 
clinical evidence of congestive heart failure but with an 
ejection fraction <50% and >20% below baseline. 

 – Thromboembolic events have been treated successful-
ly in other settings with low-molecular-weight heparin 
for 3–6 months without bleeding complications. Con-
tinued sunitinib is at the physician’s discretion; inter-
ruption should be considered for patients in cardiore-
spiratory compromise with later reintroduction at the 
same dose level. Oral antivitamin K should be avoided 
as it interacts with both sunitinib and heparin. Asymp-
tomatic pulmonary emboli should be treated on an in-
dividual patient basis, balancing potential risks and 
benefits. 
 In general, discontinuation of therapy is recommended 

for any grade 4 AEs according to the CTC  [3] , but there 
may be few exceptions, depending on the circumstance, in 
which clinical judgement can be used and it might be con-
sidered to restart therapy with dose reduction (see above).

  Monitoring of AEs 
 Patients should be reviewed every 4 weeks while on 

treatment; with long-term therapy (>2 year) and good tol-
erability, clinical follow-up can be reduced to 3-monthly.

  Before starting sunitinib, the following investigations 
should be done:
  – Thorough physical investigation (including baseline 

blood pressure and heart rate) and assessment of comor-
bidities (e.g., hypertension, history of bleeding, etc.). 

 – Laboratory: blood cell count, blood glucose, electro-
lytes, calcium, serum phosphate, creatinine, transami-
nases and thyroid hormones. 

 – ECG (and estimation of left ventricular ejection frac-
tion for patients with a cardiac history). 
 During treatment the following investigations are rec-

ommended: 
  – Assessment of the general condition, PS, and weight 

every 4 weeks. 
 – Laboratory parameters should be measured regularly 

after 2 weeks, and thereafter at least on a monthly basis 
(more frequently if needed) within the first 3 months: 
blood cell count, blood glucose, electrolytes, calcium, 
serum phosphate, and creatinine; the frequency of 
these tests may be reduced thereafter depending on the 
stability of the patient.  

 – Thyroid functions tests 12-weekly.  

 – ECG and left ventricular ejection fraction as clinically 
indicated. 

 Evaluation of Treatment Effect 
 – Biochemical markers: CgA or NSE (if elevated prior to 

therapy); specific biomarkers (depending on function-
ality). 

 – Tumor follow-up: conventional imaging, either CT or 
MRI (whatever method depicts tumor lesions most ac-
curately) every 3 months. With long-term therapy and 
stable disease, the staging interval may be prolonged to 
6-monthly. Although RECIST evaluation has limita-
tions in NET response assessment, these criteria are 
still considered the reference method  [41] .  

 Patient information 
 The patients should:

  – be informed that hair may go gray, and that this re-
verses after stopping sunitinib. 

 – be informed that a discoloration of the skin may occur 
and that dysgeusia is common. 

 – be advised that blood pressure may increase and re-
quire treatment. 

 – know that bleeding may occur, requiring immediate 
attention. 

 – keep well hydrated, avoiding foods which may exacer-
bate diarrhea in individual patients (e.g., caffeine, lac-
tose-containing foods, fatty or high-fiber foods and 
fruits [except pectin-containing fruit, e.g., apples and 
bananas]). These will vary from patient to patient. 

 – know that grapefruit juice and  Hypericum perforatum  
should not be taken while on sunitinib treatment. 

 – be encouraged to take care of their hands and feet from 
the onset of treatment, including the use of moistur-
izing and urea-based creams; avoid rubbing (e.g., ill-
fitting shoes), manicure/pedicure, etc. 

 – know that skin toxicity may be reduced by avoiding 
hot showers, reducing sun exposure, and wearing 
loose-fitting clothing and comfortable shoes. 

 Drug Interactions 
 In accordance with prescribing information for suni-

tinib, patients should try to avoid taking strong CYP3A4 
inhibitors (e.g., ketoconazole, ritonavir, itraconazole, 
erythromycin, clarithromycin, etc.) and should not drink 
grapefruit juice. If no alternative is available, a dose re-
duction of sunitinib should be considered where suni-
tinib is coadministered with these medications.

  Similarly, patients should try to avoid taking CYP3A4 
inducers (e.g., rifampicin, dexamethasone, phenytoin, 
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carbamazepine, phenobarbital or herbal preparations 
containing St. John’s Wort/ H. perforatum ); if no alterna-
tive is available, a dose increase of sunitinib might be nec-
essary if patients are receiving CYP3A4 inducers as these 
may decrease sunitinib concentrations. 

  Pregnancy and Lactation  
 Studies in animals have shown fetal malformations 

with sunitinib; it should not be used during pregnancy or 
in men/women not using effective contraception. 

  As for lactation, it is not known whether sunitinib or 
its primary active metabolite is excreted in human milk; 
however, because of the potential for serious adverse re-
actions in breastfeeding infants, women should not 
breastfeed while taking sunitinib.
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of different diagnostic procedures and therapeutic interven-
tions in NENs. This article provides guidance on chemother-
apy including therapeutic indications, dosing schedules, ad-
verse events (including prevention and management), drug 
interactions, and evaluation of treatment effect for the che-
motherapy agents most commonly used in NENs (streptozo-
cin, dacarbazine, fluoropyrimidines, platinum compounds, 
etoposide, and irinotecan).  © 2017 S. Karger AG, Basel 

 Introduction 

 Systemic therapies that are established as standards of 
care (SOCs) for neuroendocrine neoplasms (NENs) in-
clude somatostatin analogues, interferon-α, novel target-
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 Abstract 

 Systemic chemotherapy is indicated in progressive or bulky 
advanced pancreatic neuroendocrine tumors (NETs) and in 
grade 3 (G3) neuroendocrine neoplasms (NENs) as per ENETS 
guidelines. Chemotherapy may be considered in NETs of 
other sites (lung, thymus, stomach, colon, and rectum) under 
certain conditions (e.g., when Ki-67 is at a high level [upper 
G2 range], in rapidly progressive disease and/or after failure 
of other therapies, or if somatostatin receptor imaging is 
negative). An ENETS Consensus Conference was held in An-
tibes (2015) to elaborate guidelines on the standards of care 
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ed agents (everolimus, sunitinib), and chemotherapy. 
Other novel targeted agents (e.g., bevacizumab, axitinib, 
and pazopanib)   have recently been investigated in phase 
II trials in neuroendocrine tumors (NETs), but are not 
currently approved for the management of NETs and 
thus will not be covered by these guidelines. SOCs for so-
matostatin analogues, interferon and targeted therapy 
will be covered in a separate chapter. The current paper 
will cover SOCs related to chemotherapy.

  Indication 

 Systemic chemotherapy is indicated in progressive or 
bulky advanced pancreatic NETs and in grade 3 (G3) 
NENs as per ENETS guidelines  [1, 2] . Chemotherapy 
may be considered in NETs of other sites (lung, thymus, 
stomach, colon, and rectum) under certain conditions 
(e.g., when Ki-67 is at a high level [upper G2 range], in 
rapidly progressive disease and/or after failure of other 
therapies, or if somatostatin receptor imaging is negative) 
 [1, 2] .

  Streptozocin (STZ)-based chemotherapy is one of the 
treatment options in G1/G2 pancreatic NET, and is pref-
erably recommended in patients with a higher tumor bur-
den, with or without associated clinical symptoms, and/
or in patients with significant tumor progression within 
a 6- to 12-month time frame  [3–6] . The combination of 
STZ with doxorubicin proved to be more effective than 
STZ with 5-fluorouracil (5-FU) in the pivotal random-
ized study by Moertel et al.  [5] . However, the use of doxo-
rubicin is limited by its cumulative cardiotoxicity. Che-
motherapeutic options after failure of STZ-based chemo-
therapy include the following: temozolomide (TMZ) ± 
capecitabine  [7–12] , dacarbazine  [13–15] , oxaliplatin 
combinations with fluoropyrimidines (5-FU or cape-
citabine)  [16, 17]  and irinotecan-based therapy  [18] . Al-
though data for TMZ-based chemotherapy are still lim-
ited, it may replace STZ-based therapy in pancreatic 
NEN, if STZ is not available, and may be considered in 
NET G3 and in high-risk NET of other primary sites (e.g., 
pulmonary NET)  [19–21] . 

  In high-grade neuroendocrine carcinomas (G3), che-
motherapy is an essential part of the multimodality ap-
proach for localized disease and the mainstay of care in 
advanced or metastastatic disease  [1] . Platinum-based 
chemotherapy is generally indicated provided the patient 
has adequate organ function and performance status  [22–
24] . The combination of cisplatin and etoposide, or alter-
native regimens substituting carboplatin for cisplatin, or 

irinotecan for etoposide, are recommended as first-line 
therapy  [25–28] . Since response rates of these regimens 
are lower in patients with Ki-67 in the lower range of G3 
(21–55%), other treatment options may be explored in 
these patients (particularly for G3 NEN of gastrointesti-
nal origin), although no studies to date have demonstrat-
ed improved efficacy of these alternative regimens in this 
setting. While second-line regimens have not been evalu-
ated rigorously, options include TMZ-, irinotecan- or ox-
aliplatin-based schedules as main alternatives  [1] . Effi-
cacy of chemotherapy in NET G3 is presently uncertain.

  Dosing Schedules: Drug Disposition, Posology and 

Mode of Administration 

 The most widely used chemotherapy regimens or 
those supported by more solid evidence in gastroentero-
pancreatic NENs are depicted in  Tables 1–3 . The phar-
maceutical presentation, drug disposition, route and 
mode of administration of the most commonly employed 
cytotoxic agents are briefly summarized below.

  Doxorubicin 
 Doxorubicin is administered intravenously by rapid 

infusion (2–3 min). It does not cross the blood-brain bar-
rier, but does cross the placenta and is distributed into 
breast milk. Doxorubicin undergoes rapid metabolism in 
the liver. Dose should be adjusted in case of liver impair-
ment (50% reduction for bilirubin levels of 1.2–3 mg/dL; 
a 75% dose reduction is advised in obese patients and if 

 Table 1.  Streptozocin-based chemotherapy dosing regimens

Ref. Treatment regimen

Moertel
et al. [5]

STZ 500 mg/m2 days 1 – 5 every 6 
weeksDOX 50 mg/m2 days 1 and 22

Eriksson
et al. [6]

STZ 500 mg/m2

1 g/m2
days 1 – 5, 
then day 1 

every 3 
weeks

DOX 40 mg/m2 day 3, then day 1

Moertel
et al. [5]

STZ
5-FU

500 mg/m2

400 mg/m2
days 1 – 5
days 1 – 5

every 6 
weeks

Eriksson
and Öberg 
[4]

STZ 500 mg/m2

1 g/m2
days 1 – 5, 
then day 1
days 1 – 3, then 
day 1

every 3 
weeks

5-FU 400 mg/m2

 STZ, streptozocin; DOX, doxorubicin; 5-FU, 5-fluorouracil.
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bilirubin levels are >3 mg/dL, although it is not generally 
recommended to treat NEN patients with this degree of 
liver dysfunction). Doses do not need to be adjusted for 
renal function impairment unless severely compromised 
(25% dose reduction is advised if glomerular filtration 
rate [GFR] <10 mL/min, although it may be more appro-
priate not to treat patients with this degree of renal dys-
function)  [29, 30] .

  Streptozocin 
 STZ is administered intravenously by rapid injection 

or short (15–30 min) infusion. A single dose of 1,500 

mg/m 2  should not be exceeded due to high risk of neph-
rotoxicity. Metabolism and drug disposition of STZ has 
barely been studied in humans, but in animal studies, up 
to 20% of the drug is excreted by the kidney  [29, 31] . STZ 
should thus be used with caution in patients with preex-
isting renal disease as it may increase the risk of drug ex-
posure and drug-related toxicity including renal damage. 

  Dacarbazine 
 Dacarbazine may be administered by intravenous bolus 

injection or as a short-term infusion (15–30 min). Dacar-
bazine is inactive until metabolized by cytochrome P450 

 Table 2. Platinum-based chemotherapy dosing regimens

Ref. Treatment regimen

Mitry et al. [23] Cisplatin 45 mg/m2 days 2 – 3 every 4 weeks
Etoposide 100 mg/m2 days 1 – 3

Di Meglio et al. [25] Carboplatin AUC 4 – 6 day 1 every 3 weeks
Etoposide 100 mg/m2 days 1 – 3

Bajetta et al. [16] CAPOX every 3 weeks
Oxaliplatin 130 mg/m2 day 1 (i.v.)
Capecitabine 1,000 mg/m2/12 h days 1 – 14 (p.o.)

Hadoux et al. [17] FOLFOX every 2 weeks
Oxaliplatin 85 mg/m2 day 1
Leucovorin 400 mg/m2 day 1
5-FU i.v. bolus 400 mg/m2 day 1
5-FU c.i. 46 h 2,400 mg/m2 day 1

Hentic et al. [18] FOLFIRI every 2 weeks
Irinotecan 180 mg/m2 day 1
Leucovorin 400 mg/m2 day 1
5-FU i.v. bolus 400 mg/m2 day 1
5-FU c.i. 46 h 2,400 mg/m2 day 1

AUC, area under the curve; c.i., continuous intravenous infusion; 5-FU, 5-fluorouracil; FOLFIRI, irinotecan, 
folinic acid and infusional 5-FU; FOLFOX, oxaliplatin, folinic acid and infusional 5-FU; i.v., intravenous 
administration; p.o., oral administration; CAPOX, oxaliplatin and capecitabine.

 Table 3. Dacarbazine- and temozolomide-based chemotherapy dosing regimens

Ref. Treatment regimen

Olsen et al. [7] Temozolomide 200 mg/m2 days 1 – 5 every 4 weeks
Ekeblad et al. [8]
Strosberg et al. [10] Temozolomide 175 – 200 mg/m2 days 10 – 14 every 4 weeks

Capecitabine 750 mg/m2/12 h days 1 – 14
Ramanathan et al. [14] Dacarbazine 850 mg/m2 day 1 every 4 weeks
Mueller et al. [15] Dacarbazine 650 mg/m2 day 1 every 4 weeks
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(CYP450) to form the reactive N-demethylated species 
HMMTIC and MTIC. Dacarbazine is metabolized mainly 
in the liver and 20–50% of the drug is excreted unmodified 
by the kidney. Dose reductions are not required in patients 
with mild to moderate renal or hepatic insufficiency. How-
ever, elimination of dacarbazine is prolonged in patients 
with combined renal and hepatic dysfunction, and it should 
therefore be used with caution in this context  [29, 32] .

  Temozolomide 
 TMZ is administered orally as hard capsules of 5, 20, 

100, 140, 180 or 250 mg. The capsules shall be adminis-
tered in a fasting state and must not be opened or chewed. 
If vomiting occurs following drug ingestion, a second 
dose should not be administered that day.

  TMZ is spontaneously hydrolyzed to the active 
species, 3-methyl-(triazen-1-yl)imidazole-4-carboxam-
ide (MTIC). MTIC is further hydrolyzed to 5-amino-imi-
dazole-4-carboxamide and to methylhydrazine, which is 
believed to be the active alkylating species. TMZ cytotox-
icity is thought to be primarily due to alkylation of DNA 
at the O6 and N7 positions of guanine  [33] .

  TMZ is rapidly absorbed and crosses the blood-brain 
barrier. The major route of TMZ elimination is renal. 
TMZ plasma clearance is independent of age, renal or liv-
er function. However, caution should be exercised when 
TMZ is administered in patients with severe liver or renal 
function impairment, as available data are very limited in 
these populations  [29, 34] .

  5-Fluorouracil 
 5-FU is administered intravenously by rapid injection 

or short infusion, and may also be given as a continuous 
intravenous infusion over 24–48 h (or even longer) 
through a portable pump. Following a single intravenous 
injection, approximately 15% of the dose is excreted un-
changed in the urine within 6 h. The remainder is mostly 
metabolized in the liver. 5-FU readily enters the cerebro-
spinal fluid and brain tissue. Dose adjustments are rec-
ommended in patients with poor nutritional status, im-
paired hepatic or renal function, or limited bone marrow 
reserve (e.g., extensive prior irradiation)  [35, 36] .

  Capecitabine 
 Capecitabine is an oral fluoropyrimidine rationally de-

signed to generate 5-FU preferentially in tumor tissue. 
After oral administration, it is rapidly absorbed, and ex-
tensively metabolized in the liver and tumor tissues to 
5-FU via a 3-step enzymatic cascade  [37] . Dihydropyrim-
idine dehydrogenase (DPD) activity is the rate-limiting 

step in 5-FU catabolism. Deficiency of DPD may lead to 
increased toxicity of capecitabine and 5-FU. No dose has 
proven to be safe for patients with complete absence of 
DPD activity. For patients with partial DPD deficiency 
(such as those with heterozygous mutations in the DPYD 
gene), and where the benefits of capecitabine are consid-
ered to outweigh the risks, capecitabine may be given with 
extreme caution and frequent monitoring with dose ad-
justment according to toxicity. There is insufficient data 
to recommend a specific dose in patients with partial 
DPD activity as measured by a specific test  [38, 39] .

  Capecitabine is administered orally as film-coated tab-
lets of 150 and 500 mg. Tablets should be swallowed with 
water within 30 min after a meal. It is predominantly ex-
creted in urine (96% of administered dose), with minimal 
fecal excretion (<3%). Capecitabine is contraindicated in 
patients with severe renal dysfunction (creatinine clear-
ance [CrCl] <30 mL/min). In patients with moderate re-
nal impairment, a dose reduction to 75% for a starting 
dose of 1,250 mg/m 2  is recommended (no dose reduction 
required for a starting dose of 1,000 mg/m 2 ). In patients 
with mild renal impairment (CrCl of 51–80 mL/min), no 
dose adjustment is needed. Insufficient data are available 
in patients with hepatic impairment to provide dose ad-
justment recommendations. No dose adjustment is rec-
ommended for elderly patients although they should be 
monitored more carefully as their risk of severe toxicity is 
greater  [29, 37] .

  Cisplatin  
 Cisplatin is usually administered by intravenous infu-

sion over 1–2 h (a longer infusion time of 6–8 h may de-
crease gastrointestinal and renal toxicities). Intensive 
pre- and postreatment intravenous hydration (3–4 L of 
saline solution over a minimum of 6 h for doses above 50 
mg/m 2 , together with magnesium and potassium supple-
mentation) is required to force diuresis and prevent renal 
toxicity. If vigorous hydration is insufficient to maintain 
an adequate urinary output ( ≥ 100 mL/h recommended), 
an osmotic diuretic may be administered (e.g., mannitol). 
Cisplatin may interact with metal aluminium to form a 
black precipitate of platinum. All aluminium-containing 
intravenous sets, needles, catheters, and syringes should 
therefore be avoided  [29, 40] .

  There is good uptake of cisplatin by the kidneys, liver, 
and intestine. Penetration into the cerebrospinal fluid is 
poor although significant amounts of cisplatin can be de-
tected in intracerebral tumors. The elimination of intact 
drug and metabolites occurs primarily through the urine 
(20–80% during the first 24 h). Use is therefore contrain-
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dicated in patients with preexisting renal impairment and 
also in patients with a history of allergic reaction to other 
platinum compounds. Dose adjustments are not required 
in patients with liver dysfunction  [29, 40] 

  Carboplatin  
 Carboplatin is usually administered as a 1-h intrave-

nous infusion. Aluminium-containing equipment should 
not be used. Carboplatin is excreted primarily in urine, 
with recovery of 65% of the administered dose within 
24 h. Patients with CrCl <60 mL/min are therefore at in-
creased risk of severe myelosuppression. Nevertheless, 
the Calvert formula permits to determine carboplatin 
dosage adjusted to renal function: dose (mg) = target 
AUC (mg/mL × min) × [GFR mL/min + 25]. Insufficient 
data exist, however, on the use of carboplatin in patients 
with CrCl  ≤ 15 mL/min to permit a recommendation for 
treatment  [29, 40, 41] .

  Oxaliplatin 
 Oxaliplatin is administered as a 2- to 6-h intravenous 

infusion and must always precede the administration of 
5-FU. It does not require hyperhydration. Platinum is 
predominantly excreted in urine  [42, 43] . No dose adjust-
ments are required in patients with mild renal impair-
ment. In those with moderate renal impairment, treat-
ment may be initiated at standard doses but toxicities and 
renal function should be closely monitored. Oxaliplatin 
has not been studied in patients with severe renal dys-
function. No specific dose adjustment is required for pa-
tients with abnormal liver function tests or for elderly pa-
tients  [29, 43] .

  Etoposide (VP-16) 
 Etoposide is generally given by intravenous injection 

(30–60 min) although it is also available as soft capsules 
of 50 and 100 mg for oral intake. Hypotension after rapid 
intravenous administration has been reported, so longer 
infusion times may be required depending on the pa-
tients’ tolerance. If etoposide injection comes into contact 
with skin or mucosa, immediately wash thoroughly with 
soap and water. The capsules should be taken on an emp-
ty stomach  [44, 45] .

  Etoposide has relatively poor penetration into the cere-
brospinal fluid. Following intravenous administration, 
42–67% of the dose is recovered in urine and 0–16% in fe-
ces. Impaired hepatic or renal function may increase eto-
poside concentration in tissues. Dose should be reduced to 
75% in patients with CrCl of 15–50 mL/min. Data are not 
available in patients with CrCl <15 mL/min and further 

dose reductions or alternative treatment options should be 
considered in these patients. No specific dosing guidelines 
exist for patients with impaired liver function  [46] .

  Irinotecan (CPT-11) 
 Irinotecan is administered by intravenous infusion 

over 30–90 min. Irinotecan is metabolized by a carboxy-
lesterase (present in intestinal mucosa, plasma and liver) 
into a highly active metabolite, SN-38, which is further 
converted to inactive glucuronide (SN-38G) by UGT1A 
(uridine diphosphate glucuronosyltransferase). 55% of 
the administered dose is excreted as unchanged drug 
(33% in feces and 22% in urine)  [47, 48] . 

  In patients with bilirubinemia of 1.5–3 times above the 
upper limit of normal, irinotecan clearance decreases by 
about 40% and the dose should be adjusted accordingly. 
Irinotecan should not be given to patients with plasma 
bilirubin 3 times above the upper limit of normal. Its use 
is also contraindicated in patients with chronic inflam-
matory bowel disease and/or bowel obstruction. No spe-
cific dosing recommendations are provided for patients 
with renal impairment or for elderly patients  [49, 50] .

  Adverse Events 

 The most common side effects of the individual cyto-
toxic agents are summarized below. For more compre-
hensive information regarding potential adverse events 
(AEs), the reader is referred to the summary of product 
characteristics of each individual drug elaborated by mar-
keting authorization holders following regulatory agen-
cies’ requirements. It should also be noted that additive 
effects may occur when several of these drugs are com-
bined in a given treatment regimen. Reported rates of AEs 
of most commonly used chemotherapy regimens in 
NENs are summarized in  Table 4  (data are derived from 
clinical trials in NENs when available, or from detailed 
reports of retrospective NEN series or clinical trials con-
ducted in gastrointestinal cancer in the absence of dis-
ease-specific clinical trials).

  Doxorubicin 
 Common side effects include myelosuppression (ane-

mia, leukopenia, thrombocytopenia), nausea and vomit-
ing (moderately emetogenic), mucositis, anorexia, diar-
rhea, cardiotoxicity (tachyarrhythmia, bradycardia, bun-
dle branch block, decrease in left ventricular ejection 
fraction [LVEF], and congestive heart failure), and alope-
cia. Doxorubicin is a potent, radiosensitizing agent, and 
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recall phenomena may occur. Caution is advised to pre-
vent extravasation as it can lead to severe cellulitis and 
vesication  [49] . 

  In order to avoid cardiomyopathy, the cumulative to-
tal lifetime dose of doxorubicin should not exceed 450–
550 mg/m 2  body surface area. In patients with cardiac risk 
factors, such as prior thoracic irradiation, prior or con-
current treatment with potentially cardiotoxic agents, 
chronic hypertension, prior coronary, valvular or myo-
cardial heart damage, age over 70 years or children, the 
total cumulative dose should not exceed 400 mg/m 2  and 
cardiac function should be closely monitored in these pa-
tients  [29, 50] .

  Streptozocin 
 Renal toxicity of STZ includes proteinuria, hypophos-

phatemia, azotemia, and renal tubular acidosis. Mild pro-
teinuria is one of the first signs of renal toxicity and may 
herald further deterioration of renal function. Although 
generally mild, renal toxicity is dose-related and cumula-
tive, and severe cases have been reported. Adequate hy-
dration may help reduce the risk of nephrotoxicity. Other 
major toxicities are nausea and vomiting, which may be 
severe if appropriate antiemetic prophylaxis is not imple-
mented. In addition, mild to moderate abnormalities of 
glucose tolerance, liver dysfunction (elevated liver en-
zymes, hypoalbuminemia), diarrhea, and hematological 
toxicity have been observed in some patients. Extravasa-
tion may cause severe tissue lesions and necrosis. STZ is 
mutagenic and carcinogenic  [29, 31] .

  Dacarbazine 
 The most common side effects of dacarbazine (occur-

ring in >10% of treated patients) include nausea and vom-
iting (highly emetogenic), injection site pain, and delayed 
myelosuppression (cumulative, dose dependent). Other 
less common AEs (occurring in 1–10% of patients) are 
alopecia, anorexia, taste disturbances (metallic taste), flu-
like syndrome, photosensitivity, and rash. Liver and renal 
toxicities are rare  [29, 32] .

  Temozolomide 
 Very common adverse reactions include mild nausea, 

vomiting, constipation, anorexia, rash, headache, and fa-
tigue. Convulsions were commonly reported in patients 
receiving TMZ as monotherapy or concurrent with radio-
therapy for glioblastoma or glioma, although they have 
not been reported in other non-central nervous system 
tumors. Hematologic toxicity is common although gener-
ally mild (grade  ≥ 3 anemia, leukopenia and thrombocy-
topenia: 3, 3, and 14% when used as monotherapy). How-
ever, the incidence of G3–4 lymphopenia has been ob-
served in over 40% of patients after 4 months of therapy 
and may remain in >30% for 12 months following treat-
ment discontinuation. The overall incidence of opportu-
nistic infections is 10% (up to 20% in patients receiving 
more than 7 months of treatment). Prophylaxis for  Pneu-
mocystis jiroveci  pneumonia and varicella zoster, as well as 
cytomegalovirus shall be considered in patients with pro-
longed TMZ treatment. Liver enzyme elevations are com-
mon and cases of hepatic failure have been reported. Liver 

 Table 4. Toxicity of most commonly used chemotherapy regimens in NENs

Toxicity  Treatment regimen

STZ -DOX STZ-5-FU CIS-VP16 CAPOX FOLFOX FOLFIRI TEM TEM-CAP dacarbazine

all
grades

grades
3–4

all
grades

grades
3–4

all
grades

grades
3–4

all
grades

grades
3–4

all
grades

grades
3–4

all
grades

grades
3–4

all
grades

grades
3–4

all
grades

grades
3–4

all
grades

grades
3–4

Nausea 62 5 64 5 72 13 31 0
Vomiting 80 20 81 41 76 40 43 5 43 4 50 10 43 0 44 7
Diarrhea 5 0 33 2 65 20 65 12 63 14 11 0
Mucositis 5 0 19 5 22 1 22 2 51 10 31 2 10 1
Skin toxicity 30 6 30 1 25 2 35 0
Fatigue 38 6 21 4 46 4 5 0
Neurotoxicity 72 0 57 5 57 4 10 0
Hear loss 14 0
Renal toxicity 29 7 6 0 6 0
Leukopenia 57 56 25 72 42 15 3 8
Neutropenia 70 64 27 7 58 43 76 24 6 3 71 8
Thrombocytopenia 0 8 6 24 12 23 7 16 0 37 14 74 11 3
Anemia 33 12 54 3 24 4 42 3 32 3 63 3 5

STZ, streptozocin; CAP, capecitabine; CAPOX, oxaliplatin and capecitabine; CIS-VP16, cisplatin and etoposide; DOX, doxorubicin; 5-FU, 5-fluorouracil; FOLFIRI, irinotecan, 
folinic acid and infusional 5-FU; FOLFOX, oxaliplatin, folinic acid and infusional 5-FU;TEM, temozolomide; TEM-CAP, temozolomide and capecitabine.
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toxicity may occur several weeks after TMZ administra-
tion. Liver function tests should therefore be performed 
prior to each treatment cycle and several weeks after treat-
ment discontinuation. TMZ should not be used in pa-
tients with hypersensitivity to dacarbazine  [29, 34] .

  5-Fluorouracil 
 Common side effects of 5-FU include myelosuppres-

sion (leukopenia, thrombocytopenia, pancytopenia), di-
arrhea, nausea and vomiting, anorexia, asthenia, mucosi-
tis, and palmar-plantar erythrodysesthesia syndrome 
(dysesthesia of the palms and soles that progress to pain 
and tenderness, with associated symmetrical swelling and 
erythema of the hand and foot; more common with pro-
tracted infusion or oral fluoropyrimidines). Alopecia is 
not uncommon, particularly in females, but is reversible. 
Electrocardiographic changes (exceptionally including 
QT prolongation), angina pectoris-like chest pain, and, 
rarely, myocardial infarction have also been associated 
with 5-FU therapy, and are attributed to drug-induced 
vasospasm. Special attention is advisable in patients with 
a history of heart disease or severe atheromatosis, and in 
those who experience chest pain during treatment cours-
es. Central nervous system toxicity (dizziness, pyramidal 
signs, ataxia, and somnolence) is uncommon. Severe or 
even lethal toxicity may occur in patients with DPD defi-
ciency (3–5% of the population)  [29, 51] . 

  Capecitabine 
 Capecitabine’s toxicity profile is very similar to that of 

5-FU, but it is associated with less hematological toxicity 
and a greater incidence of hand-foot syndrome and liver 
toxicity (most commonly hyperbilirubinemia). Most ad-
verse reactions are reversible and do not require perma-
nent discontinuation of therapy, although doses may need 
to be withheld or reduced. Caution is advised in patients 
with a history of heart disease or DPD deficiency  [29, 52] .

  Cisplatin 
 The most frequently reported AEs of cisplatin (occur-

ring in >10% of patients) are hematological (leukopenia, 
thrombocytopenia, and anemia), gastrointestinal (an-
orexia, nausea, vomiting, and diarrhea), ear disorders 
(hearing impairment), renal disorders (renal failure, hy-
peruricemia), and fever. Peripheral sensory neurotoxicity 
is also common, and varies from paresthesia in fingers to 
ataxic gait, which might be transient or irreversible. Neu-
rological, renal, bone marrow, and ear toxicity are gener-
ally dose-related and cumulative. Ototoxicity may be 
more severe in children. Intense hydration is essential to 

prevent nephrotoxicity. Allergic reactions may occur. 
Cross-reactions have been reported with all platinum 
compounds  [29, 53, 54] .

  Carboplatin 
 The toxicity profile of carboplatin is similar to that of 

cisplatin, but it is moderately emetogenic (in contrast to 
cisplatin that is highly emetogenic) and it is associated 
with less nephrotoxicity, ototoxicity, and neurotoxicity. 
Myelosuppression is the dose-limiting toxicity of carbo-
platin. At very high dosages, severe liver toxicity has been 
reported  [29, 53] .

  Oxaliplatin 
 Oxaliplatin is almost universally administered in com-

bination with fluoropyrimidines, increasing the inci-
dence and severity of gastrointestinal (diarrhea, nausea, 
vomiting, and mucositis), hematological (neutropenia, 
thrombocytopenia), and neurological toxicity induced by 
fluoropyrimidines when administered alone. 

  The dose-limiting toxicity of oxaliplatin is neurologi-
cal. It involves a sensory peripheral neuropathy charac-
terized by dysesthesia and/or paresthesia of the extremi-
ties often triggered by cold. These symptoms occur in up 
to 95% of treated patients, are dose-related and cumula-
tive, and generally improve or revert upon treatment dis-
continuation. An acute syndrome of pharyngolaryngeal 
dysesthesia occurs in 1–2% of patients, and is character-
ized by subjective sensations of dysphagia or dyspnea, 
without any objective evidence of respiratory distress (no 
cyanosis or hypoxia, no stridor or wheezing). These 
symptoms are rapidly reversible upon infusion discon-
tinuation even in the absence of treatment (no need 
for antithistamines, corticoids or bronchodilators), and 
should be distinguished from hypersensitivity reactions. 
Other less common side effects include muscle spasms 
(often jaw spasms), balance disorders, throat or chest 
pressure/discomfort/pain, and cranial nerve dysfunc-
tions (ptosis, diplopia, dysphonia, abnormal tongue sen-
sation or dysarthria, visual disorders)  [53, 55] .

  Etoposide 
 The dose-limiting effect of etoposide is myelosuppres-

sion. Nausea and vomiting are also common (they occur 
in 31–43% of the patients). Other gastrointestinal toxici-
ties include anorexia (10–13%), stomatitis (1–6%), and 
diarrhea (1–13%). Reversible alopecia has been observed 
in about 2/3 of the patients. Transient hypotension may 
occur following rapid intravenous administration. Ana-
phylactic-type reactions have been reported to occur dur-
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ing or immediately after intravenous administration of 
etoposide. Caution is advised in patients with low serum 
albumin levels and those with impaired renal or liver 
function due to increased risk of toxicity. Etoposide is 
mutagenic and carcinogenic  [29] .

  Irinotecan 
 The most frequent dose-limiting toxicities of irinote-

can include hematological toxicity (neutropenia, anemia, 
and thrombocytopenia) and delayed diarrhea (occurring 
more than 24 h after drug administration). The concur-
rent occurrence of neutropenia and diarrhea confers a 
particular risk of severe infections. Irinotecan also com-
monly induces a transient acute cholinergic syndrome, 
which is characterized by early diarrhea, abdominal 
cramps, vasodilatation, sweating, dizziness, visual distur-
bances, miosis, lacrimation, and increased salivation oc-
curring during or within the first 24 h after drug infusion. 
This syndrome is generally easily controlled with subcu-
taneous atropine administration (0.25 mg). Other side ef-
fects include alopecia and transient and mild to moderate 
increases in serum levels of alanine transferase, aspartate 
transaminase, alkaline phosphatase or bilirubin. Liver 
toxicity is more commonly observed when irinotecan is 
administered in combination with other drugs such as 
fluoropyrimidines  [48] .

  The main active metabolite, SN-38, is detoxified by 
UGT1A1 to SN-38 glucuronide. Individuals with a con-
genital UGT1A1 deficiency (Crigler-Najjar or Gilbert 
syndrome) are at increased risk of irinotecan toxicity. A 
reduced initial dose should be considered for these pa-
tients  [47] .

  Of note, as irinotecan solution contains sorbitol (ex-
cipient), it is not suitable for patients with fructose intol-
erance.

  Prevention, Management, and Dose Adjustments 

for AEs 

 Prevention of AEs 
 Antiemetic prophylaxis should be prescribed follow-

ing the ASCO, NCCN or MASCC-ESMO guidelines. For 
highly emetogenic agents (e.g., cisplatin, dacarbazine, 
STZ), a 3-drug combination of a neurokinin-1 antagonist 
(aprepitant, fosaprepitant, netupitant), a 5-hydroxytryp-
tamine-3 antagonist (granisetron, ondansetron, palono-
setron, dolasetron, tropisetron, ramosetron) and dexa-
methasone should be offered. For agents with a moderate 
emetogenic risk (e.g., oxaliplatin, carboplatin, doxorubi-

cin, irinotecan, TMZ), prophylaxis with 5-hydroxytryp-
tamine-3 antagonists and dexamethasone is recommend-
ed. Prophylaxis with corticosteroids alone is advised for 
low emetogenic drugs (e.g., 5-FU)  [56, 57] .

  Primary febrile neutropenia prophylaxis with granu-
locyte colony-stimulating factors (G-CSF) is not gener-
ally indicated for chemotherapy regimens usually em-
ployed in the treatment of NENs (risk of febrile neutro-
penia <20%). Secondary prophylaxis should follow the 
ASCO guidelines  [58] .

  Doxorubicin-induced cardiac toxicity may be pre-
vented by limiting the cumulative total lifetime dose to 
450–550 mg/m 2  (400 mg/m 2  in patients with cardiac risk 
factors). Cardiac function (LVEF) should be assessed be-
fore patients undergo treatment with doxorubicin and 
must be monitored throughout therapy, particularly with 
higher cumulative doses. Treatment should be discontin-
ued in case significant cardiac function deterioration is 
documented  [49, 50] .

  Cisplatin-induced renal toxicity may be prevented by 
intense hydration prior and after drug administration by 
decreasing renal and urinary concentration of the drug 
and its metabolites  [54] . Adequate hydration is also im-
portant to reduce the risk of STZ-induced renal toxicity. 
Carboplatin dose should be adjusted to GFR. 

  Oxaliplatin-induced acute laryngopharyngeal dyses-
thesia and sensory peripheral neuropathy may be mini-
mized by avoiding cold exposure and by increasing drug 
infusion time. If functional impairment persists until the 
next cycle, treatment with oxaliplatin should be delayed 
or discontinued  [55] .

  Fluoropyrimidines should not be given to patients 
with known complete absence of DPD activity. Patients 
with partial DPD deficiency must be treated with extreme 
caution and frequent monitoring with dose adjustments 
according to toxicity  [39] .

  Chemotherapy should be given with caution to high-
risk patients who have recently undergone surgery, have 
a history of high-dose irradiation of bone marrow-bear-
ing areas (pelvis, spine, ribs, etc.), have received prior my-
elosuppressive chemotherapeutic agents or peptide re-
ceptor radionuclide therapy, have a widespread involve-
ment of bone marrow by metastatic tumors, have reduced 
renal or liver function, or a poor nutritional state.

  Treatment cycles with myelosuppressive drugs should 
not begin if the neutrophil count is less than 1,500 cells/
mm 3  or the platelet count is less than 100,000 cells/mm 3 , 
unless caused by malignant disease.

  More frequent international normalized ratio (INR) 
monitoring or a switch to subcutaneous heparin is rec-
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ommended for patients on oral anticoagulants due to po-
tential interactions between oral anticoagulants and 
many antineoplastic agents.

  Viral hepatitis due to hepatitis B or C virus (HBV/
HCV) reactivation may occur during chemotherapy. 
Baseline serologies are recommended in all patients and 
experts in liver disease should be consulted if positive for 
adequate monitorization and management. Antiviral 
therapy should be started for HBsAg-positive/anti-HBc-
positive patients before or concurrently with cancer ther-
apy. Antivirals may be initiated in HBsAg-negative/
anti-HBc-positive patients if they are to receive cancer 
therapies associated with a high risk of reactivation; alter-
natively, they may be monitored with HBV DNA and al-
anine transferase levels and initiate on-demand antivirals 
if reactivation occurs.  [59] . 

  Live attenuated vaccines should be avoided but inacti-
vated vaccines may be used.

  Patients should be informed that there may be a poten-
tial risk in driving or using complex machinery after che-
motherapy administration due to confusion or lethargy.

  Management and Dose Adjustments for Most 
Common AEs 
  Nausea and Vomiting . The development of new anti-

emetic agents and prophylaxis regimens has dramatically 
reduced chemotherapy-induced emesis. If nausea and 
vomiting develop despite adequate adherence to prophy-
laxis guidelines, symptomatic and supportive measures 
(oral or parenteral) shall be administered to prevent de-
hydration, and intensification of antiemetic prophylaxis 
shall be implemented in subsequent cycles. No chemo-
therapy dose adjustments are generally required.

   Mucositis . Adequate oral hygiene and dental care is ad-
vised prior to initiation of therapy. Treatment of mucosi-
tis relies on symptom management and prevention of 
complications, which includes pain control, fluid and nu-
tritional support, and prophylaxis/treatment of second-
ary infections. In mild cases, pain can be controlled with 
locally applied products containing mucosal coating 
agents and lidocaine or doxepin. In severe or persistent 
cases, treatment with local or systemic corticosteroids 
and oral or parenteral analgesics may be considered. Sec-
ondary candidiasis is a common complication that is gen-
erally treated with topical antifungal therapy. In patients 
that develop grade  ≥ 2 mucositis, chemotherapy should 
be interrupted and the next cycle of therapy delayed until 
mucositis recovers to grade  ≤ 1. Dose should be reduced 
in subsequent cycles by 20–30% in patients that develop 
grade 3–4 mucositis. 

   Diarrhea . Early intervention is advised to prevent 
complications such as dehydration and electrolyte distur-
bances. General measures include an astringent diet, oral 
rehydration with fluids that contain water, salt, and sugar, 
and intensive loperamide therapy. Somatostatin ana-
logues and opium derivatives may be employed in severe 
or refractory cases. In patients that develop chemothera-
py-induced grade  ≥ 2 diarrhea (to be distinguished from 
hormone-related diarrhea in functioning NETs), chemo-
therapy should be interrupted and the next cycle of ther-
apy delayed until diarrhea recovers to grade  ≤ 1. Dose 
should be reduced in subsequent cycles by 20–30% in pa-
tients that develop grade 3–4 diarrhea. 

   Hand-Foot Syndrome . Supportive measures include 
frequent hydrating, emollient and keratolytic creams 
(e.g., 10% urea cream), high-potency topical corticoste-
roids, wound care for erosions and ulcerations to prevent 
infection, and pain control. Treatment interruption is ad-
vised in patients that develop grade  ≥ 2 hand-foot syn-
drome, with symptoms typically improving within 1–2 
weeks. Treatment may be reinitiated once it recovers to 
grade  ≤ 1, generally at reduced doses.

   Hematological Toxicity.  Supportive measures includ-
ing blood and platelet transfusions may be indicated in 
severe cases. Chemotherapy should be interrupted in case 
of grade  ≥ 2 toxicity, and the next cycle delayed until re-
covery to grade  ≤ 1. Dose in subsequent cycles should be 
reduced in case of grade 3–4 toxicity.

   Neutropenic Fever.  Early intervention with empiric 
broad-spectrum antibiotics is recommended even in the 
absence of clinical or microbiological documentation of 
infection. Specific antibiotic, antifungal or antiviral agents 
and adequate supportive measures shall be instituted as 
needed. G-CSF therapy may be considered in high-risk 
patients or severe episodes.   Chemotherapy should be in-
terrupted and the next cycle delayed until complete reso-
lution of the episode and neutrophil count recovery to 
grade  ≤ 1. Dose should be reduced by 20–30% and/or 
G-CSF support shall be considered in subsequent cycles. 

   Renal or Liver Toxicity . Management includes avoid-
ance of hepato- or nephrotoxic drugs, supportive mea-
sures, and symptomatic therapy. Chemotherapy should 
be interrupted in case of grade  ≥ 2 toxicity, and the next 
cycle delayed until recovery to grade  ≤ 1 or to baseline 
analytical levels. Dose reductions should be considered in 
subsequent cycles. 

   Neurotoxicity . Although several neuroprotective agents 
have been tested (e.g., calcium/magnesium, vitamin E, glu-
tathione, amifostine, xaliproden, or venlafaxine), no solid 
evidence supports their use for the prevention or treat-
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ment of platinum-induced neuropathy in routine clinical 
practice. Chemotherapy should be interrupted in case of 
persistent grade  ≥ 2 toxicity, and the next cycle delayed un-
til recovery to grade  ≤ 1. Dose in subsequent cycles should 
be reduced by 20–30% in case of grade 3–4 toxicity. Ap-
propriate analgesics for neuropathic pain may be required.

   Drug Extravasation . The degree of damage is depen-
dent on the type of drug, drug concentration, extravasa-
tion site, and duration of tissue exposure to drug damage. 
Extravasated drugs are classified according to their po-
tential for causing damage as “vesicant” (e.g., doxorubi-
cin), “irritant” (e.g., STZ, dacarbazine, etoposide, fluoro-
uracil, platinum compounds, irinotecan) and “nonvesi-
cant” (e.g., monoclonal antibodies)  [60] . Extravasated 
anthracyclines, antibiotics and alkylating agents should 
be localized (apply dry cold compresses for 20 min 4 times 
daily for 1–2 days) and neutralized with specific antidotes 
(e.g., topical dimethyl sulfoxide and dexrazoxane for an-
thracyclines). Extravasated taxanes, vinca alkaloids and 
platinum salts should be dispersed (apply dry warm com-
presses for 20 min 4 times daily for 1–2 days) and diluted 
(administer agents increasing resorption such as hyal-
uronidase for vinca alkaloids and taxanes). Local injec-
tion of dexamethasone or hydrocortisone may be admin-
istered to minimize tissue necrosis. Oral analgesics or an-
ti-inflammatory agents may also be used. Surgical 
debridement may be necessary in severe cases.

  Monitoring of AEs 

 Patients should be regularly followed during chemo-
therapy every 2–6 weeks (depending on treatment sched-
ule). Toxicity should be graded according to the universal 
Common Terminology Criteria for Adverse Events (CT-
CAE; latest update v5.0, currently under review)  [61] .

  Before starting chemotherapy, the following investiga-
tions are recommended:
  – Thorough physical examination and assessment of 

clinical condition and comorbidities. Baseline perfor-
mance status, body weight, height, and blood pressure 
should be recorded. 

 – Review of concomitant medication and assessment of 
potential drug interactions. 

 – Laboratory: blood cell count, glucose, electrolytes, re-
nal and liver function tests. 

 – HBV/HCV screening.  
 – ECG and LVEF for potentially cardiotoxic drugs.  

 During chemotherapy, the following monitoring in-
vestigations are recommended:

  – Assessment of clinical condition, performance status, 
and body weight at least every 4–6 weeks. 

 – Blood cell count, glucose, electrolytes, renal and liver 
function tests prior to each treatment cycle (more of-
ten if clinically required). 

 – Routine viral monitoring and treatment when indicat-
ed in patients with a history of, or at high risk of, HCV 
or HBV. 

 – Monitoring of cardiac function (ECG and echocar-
diography or MUGA scan) every 2–3 months for po-
tentially cardiotoxic drugs (more often if clinically in-
dicated). 

 Evaluation of Treatment Effect 

 Biochemical Response 
 Before starting chemotherapy, the following biomark-

ers should be measured:
  – Chromogranin A or neuron-specific enolase if chro-

mogranin A is within normal limits and/or in poorly 
differentiated neuroendocrine carcinomas. 

 – 5-hydroxyindolacetic acid urine excretion in 24 h (col-
lect urine on acetic acid or hydrochloric acid following 
local laboratory procedures) or in blood (serum or 
plasma) in patients with possible or definitive carci-
noid syndrome. 

 – Additional tumor markers depending on tumor type 
only if clinically indicated (i.e., gastrin, VIP, glucagon, 
and insulin). 
 During chemotherapy, assessment of the following 

biomarkers is recommended:
  – Elevated tumor markers on baseline assessment should 

be monitored throughout therapy every 3 months or 
in parallel with imaging assessments, or at any time if 
clinically indicated. 

 Tumor Response 
 Before starting chemotherapy, the following imaging 

procedures should be performed:
  – Conventional abdominal imaging – either multiphasic 

contrast-enhanced CT, including arterial and portal 
venous acquisition phases, or MRI – should be per-
formed within 4 weeks prior to initiation of chemo-
therapy. 

 – Thoracic imaging with a CT scan should be considered 
to be done at least once in every NEN, and should be 
definitively performed in patients in whom thoracic 
lesions have been identified by other imaging proce-
dures (e.g., chest X-ray or somatostatin receptor scin-
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tigraphy), in patients with rectal primaries, and in pa-
tients with poorly differentiated or grade 3 NENs. 
 During chemotherapy, the following imaging proce-

dures are recommended:
  – Abdominal imaging with the same technique as that 

performed at baseline, and thoracic CT scan if there 
are abnormal baseline findings, should be performed 
every 3 months while on chemotherapy or earlier if 
clinically indicated. Greater time intervals may be con-
sidered in individual patients with long-lasting disease 
stabilization. The use of RECIST 1.1 criteria to assess 
response and progression-free survival is recommend-
ed although not mandatory in patients not enrolled in 
clinical trials.  

 Drug Interactions 

 Drug interactions should be carefully checked in can-
cer patients before initiating chemotherapy due to the 
narrow therapeutic index of most antineoplastic agents, 
and the potential for these interactions to lead to ineffec-
tive treatment or to severe or lethal side effects. Here, we 
summarize the most common known drug interactions of 
cytotoxic agents usually employed in the management of 
NENs. For more comprehensive information, the reader 
is referred to the drug summary of product characteristics.

  Doxorubicin 
 Doxorubicin undergoes metabolism via CYP450 and 

is a substrate for the P-glycoprotein transporter. Con-
comitant administration of CYP450 inhibitors (e.g., ke-
toconazole, cimetidine, ritonavir, erythromycin, grape-
fruit juice, etc.) increases doxorubicin plasma concentra-
tions and may thereby increase toxicity, whereas 
coadministration of CYP450 inducers (e.g., rifampicin, 
corticoids, phenytoin, carbamazepine, barbiturates or 
herbal preparations containing St John’s Wort/ Hypericum 
perforatum ) reduces doxorubicin exposure and may de-
crease efficacy. Doxorubicin may reduce oral bioavail-
ability/absorption of digoxin and antiepileptic drugs (e.g., 
carbamazepine, phenytoin, and valproate). Coadminis-
tration of heparin and doxorubicin can increase the rate 
of doxorubicin clearance. In addition, precipitates may 
form and lead to a loss of efficacy of both drugs  [29, 62] . 

  Streptozocin 
 STZ’s metabolism and drug interactions have been 

barely studied in humans. STZ has been reported to pro-
long the elimination half-life of doxorubicin  [29] .

  Dacarbazine 
 Dacarbazine solution is chemically incompatible with 

heparin, hydrocortisone, L-cysteine, and sodium hydro-
gen carbonate. Dacarbazine is metabolized in the liver by 
CYP450 (CYP1A1, CYP1A2, and CYP2E1) to its active 
metabolites HMMTIC and MTIC. This has to be taken 
into account if other drugs are coadministered which are 
metabolized by the same hepatic enzymes (inducers of 
these enzymes could increase toxicity, and inhibitors 
could decrease efficacy)  [29, 62] .

  Temozolomide 
 TMZ does not undergo hepatic metabolism and exhib-

its low protein binding; it is therefore unlikely that it can 
affect the pharmacokinetics of other medicinal products. 
TMZ clearance is not altered by coadministration of 
dexamethasone, prochlorperazine, phenytoin, carbam-
azepine, ondansetron, H 2  receptor antagonists, or pheno-
barbital. Coadministration with valproic acid was associ-
ated with a small decrease in TMZ clearance  [29] . 

  Capecitabine and 5-FU 
 Various purines, pyrimidines, and antimetabolites 

(e.g., methotrexate, interferon, allopurinol, hydroxyurea, 
etc.) have shown biochemical modulation of fluorouracil 
in in vitro test systems  [29, 38] . A synergistic cytotoxic 
interaction with folinic acid modestly increases 5-FU ef-
ficacy, particularly in colon cancer, but it also leads to in-
creased toxicity. Pretreatment with cimetidine prior to 
intravenous fluorouracil decreases 5-FU clearance and 
increases 5-FU plasma concentrations. Increased phenyt-
oin plasma concentrations have been reported during 
concomitant use with fluoropyrimidines  [62] . Concomi-
tant use of allopurinol may decrease fluoropyrimidine ef-
ficacy. Marked elevations of prothrombin time and INR 
have been reported in some patients taking capecitabine 
or 5-FU concomitantly with warfarin. Caution should be 
taken when using capecitabine or fluorouracil in con-
junction with medications that inhibit DPD activity in-
cluding some common antiviral agents (sorivudine or 
brivudine). A 4-week waiting period is advised between 
the end of treatment with these antivirals and the start of 
fluoropyrimidine therapy  [63] .

  Platinum Compounds 
 Antioxidants such as sodium bisulfite might inactivate 

cisplatin before administration if present in intravenous 
fluids. Reduction of the blood lithium values has been re-
ported in some cases following treatment with cisplatin, 
bleomycin, and etoposide. Cisplatin and carboplatin may 
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reduce the serum levels of phenytoin when used concur-
rently, likely due to reduced phenytoin absorption and/
or increased metabolism. Phenytoin may also increase 
hepatic metabolism of platinum compounds, potentially 
decreasing their efficacy  [29, 62] .

  Etoposide 
 Etoposide injection contains ethanol, benzyl alcohol, 

and polysorbate, which may be toxic in infants and young 
children. Phenylbutazone and salicylates may displace et-
oposide from plasma protein binding and increase drug 
exposure. Cyclosporin and cisplatin may reduce etopo-
side clearance and thereby increase its toxicity. Concom-
itant phenytoin or phenobarbital therapy is associated 
with increased etoposide clearance and reduced efficacy. 
Concomitant warfarin therapy may result in increased 
INR values, so close monitoring is recommended in these 
patients  [29, 62] .

  Irinotecan 
 Concomitant administration of neuromuscular block-

ing agents should be done with caution. Irinotecan de-
creases phenytoin absorption. Concomitant administra-
tion of strong CYP450 3A4 (CYP3A4) inhibitors or in-
ducers may increase toxicity or reduce efficacy. The use 
of these drugs should therefore be avoided if possible 
while on irinotecan therapy, or irinotecan doses shall be 
reduced or increased accordingly  [29, 62] .

  Pregnancy and Lactation  

 Cytotoxic agents may be genotoxic and mutagenic, 
and can adversely affect human fertility or cause terato-
genesis. Therefore, they should not be administered to 
pregnant women or those who are breastfeeding. Men 
and women should use effective contraception during 
and up to 6 months after treatment. Cryopreservation of 
sperm and/or ovarian tissue may be offered to fertile pa-
tients with potentially curative disease.
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However, a recent randomized controlled trial, NETTER-1, 
has provided evidence that may establish  177 Lu-DOTA-oc-
treotate (LutaThera ® ) as the first widely approved agent. It 
also makes recommendations on what minimal patient, tu-
mour, and treatment outcome characteristics should be re-
ported for PRRT to facilitate robust comparisons between 
studies.  © 2017 S. Karger AG, Basel 
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 Abstract 

 The purpose of these guidelines is to assist physicians caring 
for patients with neuroendocrine neoplasia in considering 
eligibility criteria for peptide receptor radionuclide therapy 
(PRRT) and in defining the minimum requirements for PRRT. 
It is not these guidelines’ aim to give recommendations on 
the use of specific radiolabelled somatostatin analogues for 
PRRT as different analogues are being used, and their avail-
ability is governed by varying international regulations. 
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 In memoriam of Prof. Dik J. Kwekkeboom
Dik was a pioneer of PRRT and died tragically too soon to see this pa-
per, which is a testament to his life’s work, published. Dik was a kind 
and generous person who, with his colleagues at the Erasmus Medi-
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impact on the care of patients with neuroendocrine tumours. He will 
be missed by his many friends and colleagues but remembered for-
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 Introduction and Background 

 Based on the frequent expression of somatostatin re-
ceptors (SSTR) in gastroenteropancreatic (GEP) neuroen-
docrine neoplasia (NEN)  [1] , especially in well-differenti-
ated neuroendocrine tumour (NET), and the demon-
stration of the ability to image this expression using 
radiolabelled peptides  [2] , it was a logical extension of the 
theranostic paradigms developed for thyroid cancer and 
other malignancies treated with radionuclides to also le-
verage SSTR expression as a therapeutic target. The use of 
high-administered activities of SSTR-binding ligands is 
now commonly known as peptide receptor radionuclide 
therapy (PRRT). In many parts of the world, this use of 
radiolabelled somatostatin analogues is an established 
treatment modality for inoperable locoregional or distant 
metastatic GEP-NET. It is also an emerging therapy in oth-
er countries in both the developing and developed world 
that have previously had limited access to this form of ther-
apy. Over the past 2 decades, several different radiolabelled 

somatostatin analogues have been applied. The historical 
development of this therapy is discussed below. The ma-
jority of reported series using PRRT have come from single 
academic institutions. Industry-funded studies have been 
very limited and few multicentre trials have been per-
formed. Comparison of outcomes between trials has been 
complicated by the varying criteria by which patients were 
selected for treatment, the differing treatment regimens 
used and the application of inconsistent outcome mea-
sures. Nevertheless, there is a long and relatively large clin-
ical experience with PRRT and there has been a significant 
growth in clinical acceptance of this treatment modality 
throughout the world based on this experience.

  Despite the variation in reported series, there is a rela-
tively high degree of consistency in the reported response 
rates based on conventional morphologic imaging. Re-
sults of trials that have assessed response rates are tabu-
lated by principal radionuclide in  Table 1 . These response 
rates, particularly those obtained using β-emitting radio-
nuclides, generally compare quite favourably with those 

 Table 1.  Tumour responses in patients with gastroenteropancreatic neuroendocrine tumours, treated with different radiolabelled 
somatostatin analogues

Center Reference Ligand Patient,
n

 Tumour response

C R PR MR SD PD CR + PR

Studies using PRRT
Rotterdam Valkema et al., 2002 [8] [111In-DTPA0] octreotide 26 0 0 5 (19%) 11 (42%) 10 (38%) 0%
New Orleans Anthony et al., 2002 [9] [111In-DTPA0] octreotide 26 0 2 (8%) NA 21 (81%) 3 (12%) 8%
Milan Bodei et al., 2003 [17] [90Y-DOTA0,Tyr3] octreotide 21 0 6 (29%) NA 11 (52%) 4 (19%) 29%
Basel Waldherr et al., 2001 [13] [90Y-DOTA0,Tyr3] octreotide 74 3 (4%) 15 (20%) NA 48 (65%) 8 (11%) 24%
Basel Waldherr et al., 2002 [14] [90Y-DOTA0,Tyr3] octreotide 33 2 (6%) 9 (27%) NA 19 (57%) 3 (9%) 33%
Multicenter Valkema et al., 2006 [87] [90Y-DOTA0,Tyr3] octreotide 58 0 5 (9%) 7 (12%) 33 (61%) 10 (19%) 9%
Multicenter Bushnell, 2010 [19] [90Y-DOTA0,Tyr3] octreotide 90 0 4 (4%) NA 63 (70%) 11 (12%) 4%
Copenhagen Pfeifer, 2011 [88] [90Y-DOTA0,Tyr3] octreotide 53 2 (4%) 10 (19%) NA 34 (64%) 7 (13%) 23%
Warsaw Cwikla, 2010 [89] [90Y-DOTA0,Tyr3] octreotate 58 0 13 (23%) NA 44 (73%) 3 (5%) 23%
Warsaw Kunikowska et al., 2011 [84] [90Y-DOTA0,Tyr3] octreotate 25 0 5 (20%) NA 13 (52%) 7 (28%) 20%
Rotterdam Kwekkeboom et al., 2008 [25] [177Lu-DOTA0,Tyr3] octreotate 310 5 (2%) 86 (28%) 51 (16%) 107 (35%) 61 (20%) 29%
Gothenburg Sward et al., 2010 [90] [177Lu-DOTA0,Tyr3] octreotate 26 0 6 (38%) NA 8 (50%) 2 (13%) 38%
Lund Garkavij et al., 2010 [91] [177Lu-DOTA0,Tyr3] octreotate 12 0 2 (17%) 3 (25%) 5 (40%) 2 (17%) 17%
Milan Bodei et al., 2011 [92] [177Lu-DOTA0,Tyr3] octreotate 42 1 (2%) 12 (29%) 9 (21%) 11 (26%) 9 (21%) 31%
Bonn Ezziddin et al., 2014 [35] [177Lu-DOTA0,Tyr3] octreotatee 68 0 41 (60%) 8 (12%) 9 (13%) 10 (15%) 60%
Bonn Sabet et al., 2015 [36] [177Lu-DOTA0,Tyr3] octreotatef 61 0 8 (13%) 19 (31%) 29 (47.5%) 5 (8.2%) 13%
Meldola Sansovini et al., 2013 [37] [177Lu-DOTA0,Tyr3] octreotatee 26a 3 (12%) 7 (27%) NA 12 (46%) 4 (15% 30%
Meldola Paganelli et al., 2014 [93] [177Lu-DOTA0,Tyr3] octreotatef 25a 1 (4%) 0 NA 20 (80%) 4 (16%) 4%
Bad Berka Baum et al., 2016 [21] [177Lu-DOTA0,Tyr3] octreotide 43 9 (20.9%) 10 (23.3%) NA 12 (27.9%) 12 (27.9%) 41%
Multicentre Strosberg et al., 2017 [40] [177Lu-DOTA0,Tyr3] octreotide 101 1 (1%) 17 (17%) NA NA NA 18%

Studies using PRCRT
Fremantle Claringbold et al., 2011 [49] [177Lu-DOTA0,Tyr3] octreotate 33 0 8 (24%) NA 23 (70%) 2 (6%) 24%
Melbourne Kong et al., 2014 [50] [177Lu-DOTA0,Tyr3] octreotate 58b 0 17 (30%) 5 (9%) 16 (29%) 18 (32%) 30%
Melbourne Kashyap et al., 2015 [51] [177Lu-DOTA0,Tyr3] octreotatec 40 1 (2%) 11 (28%) NA 27 (68%) 1 (2%) 30%

Studies using a combination of [90Y-DOTA0,Tyr3] octreotate and [177Lu-DOTA0,Tyr3] octreotate
Warsaw Kunikowska et al., 2011 [84] Tandem 25 0 3 (12%) NA 16 (54%) 8 (32%) 12%
Melbourne Kong et al., 2016 [94] Sequentiald 19 0 8 (42%) 4 (21%) 7 (37%) 0 42%

 PRCRT, peptide receptor chemoradionuclide therapy; Tandem, co-administration of both radionuclides; Sequential, use of 90Y-PRRT followed by 177Lu-PRRT for subsequent cycles. 
a Full-dosage group (26 GBq). b Response assessment limited to patients with progression within 12 months of study entry. c Included only patients with at least one site of FDG-

avid disease. d All patients required at least one lesion >4 cm in diameter. e Included only patients with grade 1/2 pancreatic NET. f Included only patients with grade 1/2 small intestinal 
NET.
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obtained with chemotherapy and are generally substan-
tially higher than those achieved with targeted agents, in-
cluding everolimus and sunitinib, which have recently 
been approved in many countries based on the demon-
stration of a delay in disease progression compared to the 
control arm  [3, 4] . However, the potential for selection 
bias in the patients entering trials of different forms of 
therapy must be recognized. Similarly, both progression-
free survival (PFS) and overall survival (OS) data are very 
encouraging. Survival data from published studies are list-
ed in  Table 2 . However, the lack of a control population 
for comparison has limited assessment of the significance 
and degree of benefit in comparison with other than his-
torical controls. While it may be easy to criticize or lament 
the time that it has taken to perform rigorous prospective 
clinical trials using PRRT for this orphan disease, and par-
ticularly to perform randomized controlled trials, it needs 
to be recognized that most of these studies were performed 
without the financial backing of pharmaceutical compa-
nies or government sponsorship. Furthermore, they often 
involved compassionate use in patients who had exhaust-
ed all conventional forms of treatment and who may not 
have met eligibility criteria used for traditional pharma-
ceutical studies. Treating patients with advanced disease, 

who have failed other lines of therapy and have remained 
symptomatic or whose disease has continued to progress, 
is a staunch test of any therapy and the relatively high re-
sponse rates and excellent disease control rates are par-
ticularly impressive in this patient population. Accord-
ingly, there is a pressing need to define further where, 
within an integrated treatment pathway, this therapy 
should be instituted. Current guidelines place it as an op-
tion after other treatments have failed  [5] , which is appro-
priate in the context of current evidence, and since then it 
has been traditionally used as a salvage therapy. However, 
in the future, in certain situations, PRRT may well be con-
sidered earlier in the treatment pathway.

  The major focus of this guideline will be on the selec-
tion of patients for PRRT and discussion of the expected 
efficacy and side effects of  177 Lu-DOTA-octreotate since 
this is now the most widely available agent. Furthermore, 
this was the agent used in the NETTER-1 study, the only 
randomized controlled trial reported to date. According-
ly, this is the most likely agent to achieve regulatory ap-
proval and reimbursement in most jurisdictions in the 
near future. However, to put these recommendations in 
context, it is important to first understand the evolution 
of this therapy over the past 2–3 decades. 

 Table 2. Survival data in patients with gastroenteropancreatic neuroendocrine tumours, treated with different radiolabeled somatostatin 
analogues

Center Reference Ligand Patient, n PFS OS

Multicenter Valkema et al., 2006 [87] [90Y-DOTA0,Tyr3] octreotide 58 29 37
Multicenter Bushnell et al., 2010 [19] [90Y-DOTA0,Tyr3] octreotide 90 16 27
Copenhagen Pfeifer et al., 2011 [88] [90Y-DOTA0,Tyr3] octreotide 53 29
Warsaw Cwikla et al., 2010 [89] [90Y-DOTA0,Tyr3] octreotate 58 17 22
Basel Villard et al., 2012 [42] [90Y-DOTA0,Tyr3] octreotide 237 NA 47.5
Warsaw Kunikowska et al., 2011 [84] [90Y-DOTA0,Tyr3] octreotate 25 NA 26.2
Rotterdam Kwekkeboom et al., 2008 [25] [177Lu-DOTA0,Tyr3] octreotate 310 33 46
Milan Bodei et al., 2011 [92] [177Lu-DOTA0,Tyr3] octreotate 42 NA >36
Meldola Sansovini et al., 2013 [37] [177Lu-DOTA0,Tyr3] octreotatec 26 >30 >30
Meldola Paganelli et al., 2014 [93] [177Lu-DOTA0,Tyr3] octreotated 25 36 >60
Bonn Ezziddin et al., 2014 [35] [177Lu-DOTA0,Tyr3] octreotatec 68 34 53
Bonn Sabet et al., 2015 [36] [177Lu-DOTA0,Tyr3] octreotated 61 33 61
Melbourne Kong et al., 2014 [50] [177Lu-DOTA0,Tyr3] octreotate 68 NA >60
Melbourne Kashyap et al., 2014 [51] [177Lu-DOTA0,Tyr3] octreotatea 40 48 55a

Bad Berka Baum et al., 2016 [21] [177Lu-DOTA0,Tyr3] octreotide 43 30.3 34.7
Multicentre Strosberg et al., 2017 [40] [177Lu-DOTA0,Tyr3] octreotide 101 >20 NA
Warsaw Kunikowska et al., 2011 [84] [90Y+177Lu-DOTA0,Tyr3] octreotate 25 NA >34.6
Basel Villard et al., 2012 [42] [90Y+177Lu-DOTA0,Tyr3] octreotide 249 NA 66.1
Melbourne Kong et al., 2016 [94] [90Y+177Lu-DOTA0,Tyr3] octreotateb 26 33 >35

PFS, progression-free survival; OS, overall survival. a Overall survival updated in [60]. b Sequential use in patients with at least 1 lesion 
>4 cm. c Study limited to pancreatic NET. d Study limited to gastrointestinal NET.
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  Early Studies with [ 111 In-DTPA 0 , Tyr 3 ] Octreotide 

 The first institutional trials of PRRT were performed 
during the 1990s using high cumulative activities of 
[ 111 In-DTPA 0 , Tyr 3 ] octreotide in patients with metastat-
ic NETs  [6, 7] . This is the same agent that is used for di-
agnostic imaging and is marketed as OctreoScan ® . Early 
reports were encouraging  [8–10]  but also provided the 
first evidence of the potential for myelodysplastic syn-
drome (MDS) and leukaemia  [8] . This occurred in 3 of 6 
patients treated with very high cumulative activity. Al-
though these series reported favourable effects on symp-
tomatology, CT-assessed tumour regression was only 
rarely observed. This is not surprising given the short par-
ticle range of the Auger electrons of  111 In and consequent 
lack of crossfire effects. In an attempt to increase the ef-
fectiveness of this therapy, radiosensitizing chemothera-
py was added to this protocol with apparent enhance-
ment in symptomatic and scintigraphic responses  [11] . 
The cost and limited response rates of this therapy have, 
however, limited its ongoing use.

  Early Studies with [ 90 Y-DOTA 0 , Tyr3] Octreotide 

 Another radiolabelled somatostatin analogue that was 
developed for PRRT is [ 90 Y-DOTA 0 , Tyr 3 ] octreotide 
( 90 Y-DOTA-TOC; OctreoTher). Phase 1 and phase 2 
PRRT trials with this agent  [12–14]  demonstrated im-
proved rates of tumour regression but severe renal toxic-
ity was also noted in some patients to whom renoprotec-
tive amino acids were not administered. Nevertheless, 
other studies using amino acid infusion demonstrated 
less nephrotoxicity  [15–17] . Despite differences in the 
protocols applied, objective response rates in most of the 
studies with [ 90 Y-DOTA 0 , Tyr 3 ] octreotide were between 

10 and 30%, and were therefore substantially better than 
those obtained with [ 111 In-DTPA 0 , Tyr 3 ] octreotide. Sim-
ilar early studies  [18]  encouraged a large international 
study of OctreoTher, which was performed in the early 
2000s but only formally reported many years later  [19] . 
These reports and the largest single-centre study reported 
by the Basel group  [20]  established the effectiveness of 
this therapy but also confirmed concerns about its poten-
tial nephrotoxicity. Because the path length of β-particles 
from  90 Y is around 10 mm, re-uptake of peptides in the 
proximal convoluted tubules of the kidneys brings a 
greater percentage of glomeruli within range of particu-
late irradiation compared to  177 Lu with its β-particle 
length of 1–2 mm. This combined with a short physical 
half-life may account for the higher apparent risk of renal 
impairment observed with  90 Y than with  177 Lu (see be-
low). A recent study evaluated outcomes of 56 patients 
treated with [ 177 Lu-DOTA 0 , Tyr 3 ] octreotide, which is the 
same peptide used with  90 Y  [21] . There were no serious 
adverse events reported and, in particular, no nephrotox-
icity was observed, supporting the importance of the ra-
dionuclide for this outcome. 

  Studies with [ 177 Lu-DOTA 0 , Tyr 3 ] Octreotate 

 The somatostatin analogue [DOTA 0 , Tyr 3 ] octreotate 
differs from [DOTA 0 , Tyr 3 ] octreotide only in that the C-
terminal threoninol is replaced with threonine. However, 
Reubi et al.  [22]  reported a 9-fold increase in its affinity 
for the SSTR subtype 2. This higher affinity was also sup-
ported by findings of clinical studies  [23, 24] . Assessment 
of toxicity in a group of 504 patients treated up to an in-
tended cumulative activity of 27.8–29.6 GBq (750–800 
mCi), usually given as 4 cycles of treatment at 6–10 week-
ly intervals, revealed that, in the first 24 h, the most com-
mon symptoms were nausea (25%), vomiting (10%), and 
pain (10%)  [25] . In a subset of patients reported separate-
ly  [26] , 6 of 479 (1%) patients with very hormonally active 
NETs had a clinical crisis after administration due to 
massive release of bioactive substances. Although all 
these patients recovered with supportive care, this em-
phasizes the importance of careful selection, preparation 
and monitoring of patients receiving PRRT ( Table 3 ). 

  In the larger group, involving 510 patients  [25] , hae-
matological side effects (CTCAE grade 3 or 4) occurred 
after 3.6% of individual administrations but in 9.5% of 
patients receiving multiple cycles. Mild, reversible alope-
cia was reported by 62% of patients. More serious, de-
layed side effects occurred in 9 patients, including re-

 Table 3. Peptide receptor radionuclide therapy: acute and subacute 
side effects

Nausea after 25% of administrationsa

Vomiting after 10% of administrationsa

(Abdominal) pain after 10% of administrations
Temporary mild / G1 hair loss in 60% of patients after

[177Lu-DOTA0,Tyr3] octreotate
Grade 3/4 haematological toxicity in <15% of patients
Hormonal crises in <1% of patients

a May be reduced by appropriate pre-medication.
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duced kidney function in 2 patients, liver toxicity in 3 
patients and MDS in 4 patients, although other disease-
related factors may have been involved in some of these 
adverse outcomes. A recent summary of toxicity data in 
807 patients receiving PRRT with  177 Lu,  90 Y or regimens 
of both radionuclides confirmed the lower toxicity profile 
of  177 Lu compared to  90 Y analogues  [27] . Long-term fol-
low-up by other groups has similarly demonstrated low 
rates of nephrotoxicity  [28–30] . Effects of PRRT using 
this agent on endocrine function have been reported in a 
small study involving 79 patients, including 35 men and 
21 post-menopausal women with a follow-up period of 
1–2 years  [31] . Although small measurable changes were 
seen, these were not generally clinically significant and 
the authors’ conclusion was that PRRT should be regard-
ed as a safe treatment modality with respect to short- and 
long-term endocrine function. 

  In a large single institutional report of efficacy with 
this agent, tumour response was evaluated in 310 patients 
with GEP-NET  [25] . Complete response (CR) was found 
in 5 (2%) patients, partial response (PR) in 86 (28%), min-
imal response (MR) in 51 (16%), stable disease (SD) in 
107 (35%), and progressive disease (PD) in 61 (20%). 
Higher remission rates were positively correlated with 
high uptake during pre-therapy OctreoScan and a limited 
number of liver metastases. These data suggest that the 
intensity of uptake and burden of disease on diagnostic 
scans are predictors of radiation dose delivery to disease 
and may thereby influence the likelihood of response.

  Median time to progression was 40 months from the 
start of treatment in the 249 patients who either had SD 
or tumour regression (MR, PR, and CR), but these data 
excluded the 20% patients who progressed on treatment. 
Median OS was 46 months from the start of therapy. 
Comparing similar patient subgroups from different in-
terventional and observational studies, there seemed to 
be a survival benefit of 3.5–6 years. Importantly, since 
these therapies seldom lead to durable CRs and must 
therefore be considered palliative, quality of life has been 
shown to significantly improve following [ 177 Lu-DOTA 0 , 
Tyr 3 ] octreotate PRRT  [32] . A more recent study report-
ing outcomes from a prospective German registry report-
ed outcomes in 450 patients treated at 5 different centres, 
primarily with [ 177 Lu-DOTA 0 , Tyr 3 ] octreotate but in-
cluding some patients receiving either a combination of 
 177 Lu and  90 Y agents or the latter alone  [33] . PRRT was 
administered according to prior guidelines  [34] . For the 
entire population, PFS was 41 months and OS was 59 
months. In the 76 (17%) patients receiving [ 90 Y-DOTA 0 , 
Tyr 3 ] octreotide, both PFS and OS were decreased com-

pared to patients receiving  177 Lu alone or in combination 
with  90 Y agents. However, caution is required since the 
criteria by which patients were chosen for a particular 
therapy were not described. Response by RECIST 1.1 cri-
teria were available in 357 (79%) patients with 7% CR, 
28% PR, 59% SD, and 5% PD. Considering that patients 
were required to have PD prior to treatment, the disease 
control rate was thus 95%. As with other studies, severe 
adverse events were uncommon with grade 3 leucopenia 
and thrombocytopenia in 1.1 and 1.3% of patients, re-
spectively, and only a single episode of grade 4 thrombo-
cytopenia. There was only a single case of grade 3 and no 
grade 4 renal toxicity. No cases of MDS or leukaemia were 
reported although median follow-up was only 24.4 
months, which may be too short to capture this relatively 
late adverse outcome.

  Two relatively recent studies from the Bonn group em-
phasize that differential response rates occur in NET of 
differing primary origin. Although both studies included 
only patients with stage IV, WHO G1/2 NET, the re-
sponse rate was substantially higher in pancreatic NET 
 [35]  than in small intestinal NET  [36]  even though OS 
rates were similar in both series. It is also important to 
note that the NETTER-1 study described below only ap-
plied to midgut NET, including the jejunum, ileum, ap-
pendix, and right colon, for which there are currently lim-
ited approved targeted therapies. Nevertheless, retro-
spective analyses of outcome in pancreatic NET suggest 
similarly impressive survival  [35, 37] . The neoadjuvant 
use of PRRT in patients with unresectable or borderline 
resectable primary pancreatic tumours has also been sug-
gested  [38, 39] .

  NETTER-1: The First Randomized Controlled Trial of 

PRRT 

 The first results of the only reported randomized trial 
concerning the efficacy of PRRT have recently been re-
ported  [40] . The NETTER-1 trial involved a 1:   1 random-
ization of 229 patients with progressive metastatic small 
intestinal NET on 30 mg monthly Sandostatin LAR to 
either  177 Lu-DOTA-octreotate with continuing Sand-
ostatin LAR at 30 mg per month or to dose escalation of 
Sandostatin LAR to 60 mg monthly. The PRRT protocol 
involved 4 cycles of 7.4 GBq (200 mCi) of  177 Lu-DOTA-
octreotate at 8 weekly intervals. Most (77%) patients re-
ceived all planned cycles of treatment. For the PRRT arm, 
a median PFS was not reached compared to 8.4 months 
( p  < 0.001) for dose-escalated Sandostatin LAR. All pre-
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defined subanalysis groups had improved PFS with  177 Lu-
DOTA-octreotate compared to controls. Although the 
relatively short duration of follow-up at the time of pub-
lication limited assessment of OS in either group, interim 
analysis indicated that the estimated risk of death was 
60% lower in the  177 Lu-DOTA-octreotate group than in 
the control group (hazard ratio 0.40;  p  = 0.004). The ob-
jective response rate was 18 versus 3% ( p  < 0.0004). Grade 
3 or 4 neutropenia, thrombocytopenia, and lymphopenia 
occurred in 1, 2, and 9% of patients in the PRRT arm ver-
sus none in controls. One case of MDS was attributed to 
PRRT. 

  The most commonly reported acute side effects of 
PRRT were nausea and vomiting. These occurred primar-
ily during amino acid infusion given for renal protection 
and resolved with cessation of the infusion. In this trial, 
commercial amino acid solutions (Aminosyn II 10% 
[21.0 g of lysine and 20.4 g of arginine in 2 L of solution] 
or VAMIN-18 [18 g of lysine and 22.6 g of arginine in
2 L of solution]) were administered. These solutions are 
more concentrated than those used in most institutional 
trials, which typically include only lysine and arginine. 
Use of anti-emetic medication was not reported but is an 
effective means to reduce these side effects. 

  Although these results are entirely in keeping with oth-
er phase I–II institutional trials and retrospective analyses 
of single institutional experience, final analysis of the lon-
ger-term toxicity, quality of life, and patient outcome data 
are not yet available through peer-reviewed publication.

  Studies Combining Radionuclides and Utilizing 
Radiosensitizing Chemotherapy 
 The above trials and other institutional series detailed 

in  Table 1  suggest that treatment with radiolabelled so-
matostatin analogues is a promising therapeutic modality 
in the management of patients with inoperable or metas-
tasized NETs. However, there remains significant vari-
ability in the approach to delivering this therapy. While 
the NETTER-1 trial used a fixed administered activity of 
 177 Lu-DOTA-octreotate, others have used variable ad-
ministered activities, different radionuclides, routes of 
administration and intervals between treatments. Eligi-
bility criteria have also varied. 

  A variation in the treatment protocol has included the 
use of combinations of different radionuclides to opti-
mize delivery to lesions of different sizes. For example, 
 90 Y has theoretical advantages for lager lesions with more 
heterogeneous uptake due to its long β-particle path 
length whereas  177 Lu is better suited to smaller lesions 
 [41] . Accordingly, using these isotopes in combination 

might provide better radiation dose delivery across the 
range of lesion sizes that is often present in individual pa-
tients. Indeed, results of combination therapies are en-
couraging  [42, 43] . Similarly, although most PRRT have 
involved intravenous administration, liver-dominant 
disease may benefit from hepatic arterial administration 
 [44, 45]  but no prospective comparison studies are cur-
rently available. 

  While a standardized approach is likely to better meet 
the regulatory requirements for reimbursement, the need 
for a more individualized approach has also been argued 
 [46] . This includes the potential use of PRRT in combina-
tion with other therapies in a manner analogous to 
chemoradiation, which is now widely used in the treat-
ment of various solid tumours. 

  Studies combining PRRT with radiosensitizing che-
motherapy, which has been called peptide receptor 
chemoradionuclide therapy (PRCRT), have shown that 
this is feasible with minimal incremental toxicity. This 
approach has included studies with infusion of 5-fluoro-
uracil or administration of its oral pro-drug, capecitabine 
 [47–51] , and a further study using capecitabine and te-
mozolomide  [52] . A randomized controlled trial of the 
latter combination is currently underway in Australia, 
whereas the former is being tested in the Netherlands. 
While apparently safe and efficacious, there are currently 
no data confirming whether PRCRT is superior to PRRT 
and therefore current guidelines refer to patients being 
considered for PRRT. The rationale for combining che-
motherapy with PRRT is strongest for higher-grade NEN. 
In lower-grade NETs, which would be expected to have 
longer survival independent of therapeutic effects, the 
potential benefits of chemotherapy need to be balanced 
against the risks of inducing MDS or leukaemia, which 
may be more likely when an alkylating agent like temo-
zolomide is used  [53] . A recent report from France, where 
alkylating agents are widely used in chemotherapy regi-
mens, indicated that 20% of patients receiving PRRT as a 
salvage therapy developed MDS  [54]  but these data have 
been disputed by a more comprehensive review of the ex-
perience with PRRT from multiple international trials 
and reported case series  [55] . The overall risks of MDS 
and leukaemia appear to be low (<2%) with PRRT, as de-
scribed in a recent comprehensive review of the literature 
 [56] . Accordingly, a small increase in the risk of MDS by 
combining PRRT with an alkylating agent like temozolo-
mide could be best justified in patients with a poor prog-
nosis and a high likelihood of disease progression. The 
presence of increased glycolytic activity of  18 F-fluorode-
oxyglucose (FDG) tends to increase with tumour grade 
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and has been shown to predict poor survival in NEN  [57, 
58] . Indeed, it may be a more powerful prognostic mark-
er than conventional measures including the percentage 
of cells staining for Ki-67, a proliferation marker  [59] . In 
patients who retain SSTR expression but are FDG-avid, 
encouraging response rates and survival rates have been 
reported with PRCRT  [51, 60] . An ongoing random-
ized controlled trial in Australia is comparing PRCRT 
with CAPTEM (capecitabine plus temozolomide) with 
CAPTEM or PRRT depending on the primary site of
origin. 

  Recommendations to Improve Comparability Trials 

of PRRT 

 A major limitation posed in comparing the currently 
published trials is a lack of consistency in design and anal-
ysis of outcomes. To address these issues, it is important 
to recognize the heterogeneity that exists in the biology 
and, hence, outcomes of different types, primary sites of 
origin, and grades of tumour within the spectrum of 
NEN. For very-low-grade tumours, progression of even 
widely metastatic disease can be minimal over many 
years. As such, therapeutic interventions are relatively 
unlikely to significantly impact survival and measures 
such as PFS and OS are probably inappropriate end-
points. Furthermore, slowly dividing tumours are often 
highly resistant to radiation and objective response rates 
would therefore be expected to be low. Consequently, the 
rationale for treating such patients with PRRT, with its 
attendant cost and risks, needs to be critically balanced 
against observational or treatment regimens aimed at 
symptomatic control. In patients with uncontrolled 
symptoms related to hormonal secretion or direct me-
chanical effects of tumour, e.g., local pain, but without 
documented progression, amelioration or abrogation of 
symptoms and measures of quality of life are much more 
relevant endpoints by which to assess the utility of PRRT 
than are measures of survival or morphological response. 
Conversely, with intermediate-grade tumours, morpho-
logical progression poses risk to the function or integrity 
of involved organs as well as potentially exacerbating hor-
monal syndromes in functional tumours. In such cases, 
disease control rates and PFS rates are more important 
measures of treatment benefit but quality of life measures 
are also important. In high-grade tumours, OS becomes 
highly relevant since without disease control, death can 
rapidly ensue. Accordingly, trials must have clear specifi-
cation of either the range of grades of tumour that were 

included (preferably using pathological criteria detailed 
in the updated ENETS guidelines  [61] ) or else a definition 
of the period over which progression was observed and 
the method by which progression was established. To elu-
cidate the role in tumours arising in different sites, het-
erogeneity within trials should be defined by careful defi-
nition of the site of origin. Multi-institutional trials may 
be necessary to further define the role of PRRT in rarer 
forms of metastatic NET such as insulinoma, glucagono-
ma, VIPoma, and somatostatinoma.

  Given the importance of SSTR expression to the effi-
cacy of PRRT, the type of imaging performed in selecting 
patients should be stated. Given the technical differences 
between planar and SPECT/CT imaging of  111 In-octreo-
tide in terms of contrast resolution and lesion localization 
and, even more so, between conventional nuclear medi-
cine imaging and  68 Ga-based PET/CT studies, the degree 
of SSTR expression may not be comparable for studies 
requiring a “positive” scan for eligibility. It is, however, 
important that, whatever molecular imaging technique is 
used to select patients for treatment, the same methodol-
ogy should also be utilized to assess response. Further-
more, using a more sensitive scanning technique may er-
roneously suggest progression and therefore should not 
be used as the sole criterion for instituting treatment in 
otherwise stable patients unless treatment is indicated for 
symptomatic control. A more detailed discussion of the 
use of diagnostic techniques in staging and therapeutic 
monitoring of patients with NEN is given in the recently 
revised consensus imaging guidelines  [62] . How lesions 
that are identified on structural imaging but have low or 
absent apparent SSTR expression are handled should also 
be documented. If FDG PET/CT or biopsy is not per-
formed to characterize such lesions, there is a possibility 
that dedifferentiated disease might be overlooked. Be-
cause lesions that lack sufficient SSTR expression for vi-
sualization on diagnostic imaging are likely to receive 
minimal radiation and yet probably represent the major 
prognostic determinant of outcome, inclusion of patients 
with such lesions may lead to underestimation of the ef-
ficacy of PRRT compared to that in patients in whom all 
disease sites have a high target expression. With  68 Ga-
DOTA-octreotate (NETSPOT ® ) being recently approved 
by the Federal Drug Agency in the United States and 
 68 Ga-DOTA-octreotide being approved by the European 
Medicines Agency, high-quality SSTR imaging will be-
come more widely available and should become the stan-
dard of care in clinical trials. FDG PET/CT is also encour-
aged with comparison to the spatial distribution of each 
tracer when both are expressed  [63] .
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  While most groups have applied standard response 
criteria based on morphological imaging with CT or MRI, 
PRRT also lends itself to more sophisticated measures of 
response. These include the combination of serum bio-
markers and functional imaging. While the oncology 
community and regulators have become habituated to tu-
mour shrinkage or growth as indicators of response, we 
know that many lesions identified on functional imaging 
are overlooked or not detectable on anatomical imaging 
 [64] . Accordingly, new lesions as an indicator of progres-
sion or disappearance of prior lesions may be more sen-
sitively detected by SSTR imaging than by CT. While 
morphologic regression is clearly desirable, more patients 
can be demonstrated to have responded by reduction in 
the extent or number of lesions on SSTR imaging and the 
prognostic value of such response is similar  [50] . The 
availability of serum biomarkers like chromogranin A or 
other specific hormones also provides an important 
means to assess response. Since chromogranin A is not 
routinely elevated in all cases of metastatic NEN and can 
also be elevated in a range of other situations, including 
deterioration in cardiac or renal function, both of which 
can be complications of the underlying disease or its 
treatment  [65] , there is a need for improved biomarkers 
of response. The use of functional imaging and biomark-
ers to assess response to radionuclide therapy has a prec-
edent in thyroid cancer wherein radioiodine scanning 
and thyroglobulin measurement have long been consid-
ered the optimal means to assess the efficacy of  131 I ther-
apy of metastatic thyroid cancer. Because the timetable 
and type of response assessment can impact the apparent 
PFS of patients, follow-up strategies should be formalized 
and reported. 

  In patients treated for symptomatic disease rather than 
disease progression, symptomatic control rates and use of 
standard quality-of-life instruments are to be encouraged 
and the timing and durability of symptom control should 
also be reported.

  PRRT Requirements 

 Regulatory Aspects 
 Permission to perform PRRT should be obtained ac-

cording to local and national regulations. When there is 
no overarching approval for this therapy locally, Ethics 
Committee approval should be obtained and eligible pa-
tients should sign an informed consent form that ac-
knowledges the known risks of this therapy, particularly 
including the potential for nephrotoxicity, reversible hae-

matological toxicity, and the low but important long-
term complication of MDS or leukaemia. The production 
of the peptide should also meet local regulatory condi-
tions, which may include meeting good manufacturing 
practices criteria. Storage and dispensing should also be 
according to national legislation.

  Eligibility Criteria 
 Eligibility and clinical decision-making should be 

based on multidisciplinary discussion. Where treatment 
has a clear intent to palliate uncontrolled symptoms, con-
tra-indications may be waived. The most important in-
clusion criteria are listed in  Table 4 . Although most re-
ports have focussed on patients with lower-grade NET 
(ENETS grades 1 and 2), provided SSTR expression is ad-
equate, there is emerging evidence that this therapy may 
be effective in patients with higher-grade NET (grade 2) 
and NEC (grade 3) who have failed a trial of chemother-
apy or who are deemed unsuitable for this therapy. In 
particular, a recent study confined to patients with FDG-
avid disease demonstrated similar response rates to those 
in other studies and encouraging PFS  [51]  and OS  [60] . 
FDG avidity has been shown to increase with increasing 
tumour grade and to be associated with an adverse prog-
nosis with conventional therapy  [57–59] . The role of 
FDG PET/CT in selecting patients for PRRT is further 
discussed in the imaging guidelines  [62] . The concept of 
spatial concordance between lesions identified on SSTR 
imaging and those expressing the glycolytic phenotype in 
selecting patients for PRRT  [66]  is a fundamental prin-
ciple underpinning the theranostic paradigm  [67] . There 
is increasing recognition that the degree of differentiation 
on histopathological examination varies within the group 
of tumours with a Ki-67 >20%, i.e., grade 3 NEN, and that 

 Table 4. Peptide receptor radionuclide therapy: inclusion criteria

Inoperable/metastatic well-differentiated (grade 1/2) NET
Well-differentiated grade 3 NET may be considered (further
     data are required on response rates and survival in this

newly defined subgroup)
Sufficient tumour uptake on the diagnostic somatostatin

receptor scintigraphy
Sufficient bone marrow reserves (grades 1 – 2 haematological

toxicity usually accepted)
Creatinine clearance >50 mL/min
Karnofsky Performance Status >50
Expected survival >3 months
Signed informed consent
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this impacts prognosis  [68, 69] . A new classification of 
well-differentiated grade 3 NET is likely to be included in 
the revised World Health Organization grading system of 
NEN. As a feature of differentiation, SSTR expression 
may be complementary to pathology in differentiating 
well- from poorly differentiated grade 3 NEN. Recent ev-
idence suggests that SSTR PET imaging results are highly 
correlated with SSTR-2 expression on immunohisto-
chemistry but more accurate for predicting individual 
prognosis  [70] . 

  Contraindications 
 All contraindications must be considered in the con-

text of the other therapeutic options available, the pa-
tient’s life expectancy, and whether the intent of treat-
ment is symptom palliation or oncological control. Most 
are relative rather than absolute contraindications. Those 
that are generally considered absolute contraindications 
are marked by an asterisk.
  • Significant sites of active disease as determined by un-

equivocal, contrast-enhancing lesions on CT or MRI 
that lack SSTR expression, which can be confirmed by 
 18 F-FDG PET/CT if available (use of concomitant che-
motherapy may be an option in such cases) 

 • Pregnancy or ongoing lactation *  
 • Moderate to severe renal impairment (i.e., creatinine 

clearance <50 ml/min) (patients on dialysis can be 
treated with a significantly reduced administered ac-
tivity to account for lack of urinary excretion with di-
alysis delayed for 24 h after treatment, subject to con-
sultation with the managing nephrology team) 

 • Impaired haematological function, i.e., Hb <5 mmol/L 
(8 g/dL); platelets <75 × 10 9 /L; white blood cell count 
<2 × 10 9 /L 

 • Severe hepatic impairment, i.e., total bilirubin >3 × up-
per limit of normal or both an albumin <25 g/L and 
prothrombin time increased >1.5 × upper limit of nor-
mal, indicating biosynthetic liver failure *  

 • Severe cardiac impairment (New York Heart Associa-
tion grade III or IV) *  

 • Moderate to severe right heart valvular disease (valve 
replacement is strongly encouraged prior to PRRT; in 
such cases, please refer to the guidelines for the man-
agement of carcinoid heart disease) 

 • Inability to comprehend and consent to PRRT due to 
a psychiatric or another neurological disorder (e.g., 
dementia) without the support of a designated health 
advocate or legal guardian *  

 Laboratory Evaluations Required before Each Therapy 
Cycle 

 • Haematology: haemoglobin, white blood cell count 
plus differential, platelet number 

 • Kidney function: creatinine and urea with formal cre-
atinine clearance if abnormal 

 • Liver function: bilirubin, albumin, ALP, GGT, ALT, 
AST, INR 

 • Electrolytes: serum potassium and corrected serum 
calcium 

 • LDH 
 • Chromogranin A and other secretory products includ-

ing specific hormones, if elevated at baseline 

 Patient Preparation and Monitoring during PRRT 
 When clinically feasible, the most recent long-acting so-

matostatin analogue administration should be 4–6 weeks 
before PRRT  [34] . If necessary for symptom control, pa-
tients can continue supplementary short-acting formula-
tions up to 8 h before PRRT. For symptomatic control, pa-
tients on long-acting formulations may be co-administered 
short-acting formulations in the first 7–10 days after their 
long-acting formulation has been restarted if required.

  Infusion of amino acid solutions that contain lysine 
and arginine is essential to reduce kidney radiation-ab-
sorbed dose when performing PRRT  [71] . The duration 
of infusion recommended has varied from as low as
2–3 h in patients with normal renal function  [29]  to up to 
10 h  [34, 72] . However, the most commonly used regimen 
is that developed by the Erasmus Medical Center, which 
recommends 25 g lysine and 25 g arginine in 1 L saline 
infused over 4 h, starting 30 min before the administra-
tion of the radiopharmaceutical. Alternatively, other 
commercially available amino acid solutions can be used 
 [73] . The infusion of amino acids can be associated with 
hyperkalaemia so it may be prudent to correct high potas-
sium levels prior to treatment or to enhance potassium 
excretion from the kidneys in patients with levels in the 
upper end of the normal range by use of a loop diuretic 
during amino acid infusion  [74] . A detailed discussion of 
the mechanism of renal protection and the extensive re-
search that underpins the use of amino acids is beyond 
the scope of this review. Due to the variability in avail-
ability and composition of amino acid solutions, infusion 
protocols may need to be adapted according to local avail-
ability. The use of 5-HT 3  antagonists, such as granisetron 
as a premedication, is recommended to reduce nausea 
and vomiting, which are prominent symptoms when 
commercial amino acid solutions are used, as they were 
in the NETTER-1 trial  [75] . 



 Hicks    et al.
 

Neuroendocrinology 2017;105:295–309
DOI: 10.1159/000475526

304

  For PRRT with  90 Y-labelled analogues, it is possible to 
do “Bremsstrahlung” scintigraphy of the whole body and 
to perform SPECT images using this technique after ther-
apeutic administration. Although primarily used to eval-
uate radiation dose from  90 Y-microsphere therapy  [76] , it 
is also possible to assess dose delivered by doing post-
treatment PET/CT  [77] . While not widely available, it is 
also possible to perform prospective dosimetry by using 
PET/CT with  86 Y-labelled ligands  [78]  or by extrapolat-
ing from co-administered  111 In-DTPA-octreotide  [79] . 
When using  177 Lu-labelled analogues, individual dosim-
etry based on post-therapy planar scans and, if feasible, 
blood and urine collections is the most widely used meth-
od, but techniques for quantitative SPECT/CT have been 
developed  [80, 81]  and are now being provided by various 
vendors. 

  Written instructions should be given to patients re-
garding travel and contact with others after the therapy, 
according to national/international regulations.

  Blood cell counts should preferably be performed 2, 4, 
and 6 weeks after each therapy cycle. If radiosensitizing 
chemotherapy is used, additional assessment of blood 
counts at 1 week is recommended. In case of CTCAE tox-
icity grade 3 or 4, testing should be repeated every week 
until recovery is documented. If indicated clinically, 
blood product support should be performed according to 
national guidelines.

  Quality of life assessments at regular intervals are rec-
ommended.

  Treatment Scheme 
 There are no randomized clinical trials available 

comparing optimal administered activity per treatment 
cycle, optimal cycle interval, or optimal cumulative ad-
ministered activity for either  90 Y-labelled or for  177 Lu-
labelled somatostatin analogues. Therefore, no strict 
guidelines can be provided. The Basel group have used 
a weight-based administration for  90 Y (3.7 GBq/m 2  body 
surface area) with up to 10 cycles administered  [20] . The 
NETTER-1 trial used up to 4 cycles of a fixed adminis-
tered activity of 7.4 GBq (200 mCi) per cycle, which is 
based on the protocol developed at the Erasmus Medical 
Center  [82] . Variation from this administered activity 
based on tumour burden, extent of bone marrow in-
volvement, renal function, and body habitus may be ap-
propriate but must depend on local expertise and clini-
cal judgment  [46] . The potential role of prospective
radiation dosimetry requires further clarification. Simi-
larly, combination of different radionuclide therapy 
combinations based on lesion size and distribution will 

require further validation. Although there are theoreti-
cal advantages in combining  90 Y and  177 Lu with respect 
to delivering improved radiation delivery to larger and 
smaller deposits, respectively  [83] , and with different 
routes of administration, as discussed above, these can-
not yet be recommended as routine approaches. Never-
theless, there are data supporting this approach with a 
prospective trial demonstrating improved survival in 
patients receiving a tandem treatment of both agents 
compared to patients receiving only  90 Y-based PRRT 
 [84] . More recent data using  90 Y-DOTA-octreotate fol-
lowed by  177 Lu-DOTA-octreotate for patients with 
bulky disease demonstrated relatively high response 
rates and survival  [85] . In the large series of patients 
treated at Basel, the median survival of the subgroup of 
patients receiving both  90 Y and  177 Lu-DOTA-octreotide 
was more than 5 years  [42] . 

  Discontinuation of Treatment 
 PD during the treatment period, based either on imag-

ing studies or on the patient’s clinical condition, is pos-
sibly a reason to discontinue the treatment. However, it is 
important to recognize the possibility of a flare in symp-
toms due to release of preformed hormones or a rise in 
serum tumour markers due to cell death or damage, most 
evident with the first cycle  [26] . There is also a possibility 
of pseudo-progression on morphologic imaging. If this is 
suspected, confirmation of progression by functional im-
aging is recommended, particularly if hepatic density 
changes are apparent on non-contrast CT or there is vari-
ation in the imaging technique with respect to timing of 
intra-venous contrast. For example, the resolution of fat-
ty liver that can accompany abrogation of hormonal ef-
fects of functional pancreatic NET can make lesions ap-
pear more conspicuous on non-contrast CT and there-
fore simulate progression. Similarly, development of 
cystic necrosis or development of sclerosis at sites of pre-
viously occult bone metastases can also simulate progres-
sion. In these scenarios, improvement in molecular imag-
ing appearances of the lesions in question or the regres-
sion or stability on serial conventional imaging can allow 
ongoing therapy. Prolonged (i.e., more than 2–3 months) 
CTCAE grade 3 or 4 haematological, renal, or hepatic 
toxicity may be a reason to modify the cycle dose or to 
discontinue treatment, according to local protocols. Na-
tional Cancer Institute Common Terminology Criteria 
are recommended for reporting adverse events in clinical 
trials.
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  Follow-Up Monitoring 
 Please refer to the guidelines regarding follow-up of 

patients  [86] . However, as PFS is increasingly used as a 
measure of therapeutic efficacy in comparing therapies, 
the method and timing of follow-up imaging should ide-
ally be harmonized. Assessment by a combination of an-
atomical imaging, molecular imaging, and biomarker 
analysis at 3 and 12 months following completion of a 
course of PRRT could provide appropriate benchmarks 
for grade 1 NET but more frequent assessment is recom-
mended for patients with grade 2 and grade 3 tumours. 
The tempo of progression prior to treatment should also 
guide the frequency of follow-up evaluation. For patients 
with higher-grade or FDG-avid disease, evaluation every 
3 months may be appropriate until there is clear evidence 
of disease control.

  Conclusion 

 PRRT, irrespective of the radionuclide or peptide used, 
appears to be a highly effective therapy. Toxicity profiles 
are modest but can rarely include life-threatening events 
of which clinicians and their patients must be aware and 
remain vigilant to mitigate by careful selection, prepara-
tion, and follow-up. These recommendations should not 
be considered prescriptive but rather need to be adapted 
to the circumstances of individual patients and to local 
experience and conditions.
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mentation of patients with NEN should include the most rel-
evant data characterizing an individual patient from the first 
contact with his/her physician/hospital until his/her last pre-
sentation during follow-up. It is advocated that follow-up oc-
curs in specialized NEN centers with regular NEN tumor 
boards with expert panels. The follow-up should be in accor-
dance with the ENETS consensus guidelines from 2011 and 
2016, the present and coming WHO classification and ENETS/
UICC recommendations for TNM staging. The recommenda-
tions for follow-up in patients with thymic, bronchopulmo-
nary and gastroenteropancreatic NEN are given in Table 1. 
However, it should be stressed that evidence-based studies 
for follow-up are largely missing.  © 2017 S. Karger AG, Basel 
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 Abstract 

 ENETS consensus recommendations for the standards of care 
in neuroendocrine neoplasms (NEN) concerning follow-up 
and documentation are considered in this review. The docu-
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 Introduction 

 The documentation of patients with neuroendocrine 
neoplasms (NEN) should include the most relevant data 
characterizing an individual patient from the first con-
tact with his/her physician/hospital until his/her last pre-
sentation during follow-up. The documentation should 
be both simple but nevertheless as complete as possible 
and should include basic demographic details to identify 
a specific patient, family history, tumor histology and bi-
ology, course of the disease, tumor board evaluations, di-
agnostic tests, and therapeutic interventions. Additional 
data about biological samples, such as tumor specimens 
preserved in paraffin-embedded or fresh frozen samples 
and the patient’s samples like blood or serum, would be 
of high interest for current and future translational re-
search. This information is essential for treatment and 
follow-up strategies adjusted to the specific features of 
the tumor of the patient. Furthermore, standardized doc-
umentation acts as a key precondition to learn more 
about patients with specific tumor subtypes and regard-
ing the impact of treatment modalities on the course of 
the disease. In the present clinical setting, the timing of 
data collection and content of documented data vary 
considerably. Therefore, comparison of data from differ-
ent centers is frequently hampered by lack of data uni-
formity.

  During the ENETS Standards of Care Conference Ad-
visory Board meeting organized in Antibes, France in 
2015, a group of physicians with extensive experience in 
the clinical care of patients with gastroenteropancreatic 
(GEP), bronchopulmonary (BP) and thymic NEN met to 
write recommendations on the unified collection of data 
and suggested time intervals for follow-up investigations. 
These guidelines recognize the diversity of tumor sub-
types, the actual WHO and TNM classifications, the in-
dividual clinical course of the disease as well as the re-
source implications relevant to the growing costs of the 
European health care systems. Particular attention was 
paid to recommend only those investigations that would 
have a significant impact on further therapeutic strate-
gies.

  It is advocated that follow-up occurs in specialized 
NEN centers or at least in hospitals with close collabora-
tion with specialized NEN centers. It is of minor impor-
tance which specialty (e.g., oncology, gastroenterology, 
endocrinology, pulmonology or surgery) follows the pa-
tient as long as experienced NEN specialists are present. 
Regularly NEN tumor boards with expert panels are es-
sential for follow-up. Besides all new patients, patients 

with recurrence or progression as well as patients with 
other relevant problems during follow-up should be pre-
sented at the multidisciplinary tumor board.

  Documentation at Follow-Up Should Adhere to 

the Present WHO Classification and Recognize the 

ENETS Consensus Guidelines and Recommendations 

for TNM Staging 

 The panel agreed that the following categories best de-
fine the different tumor entities observed in the clinical 
setting. The categories follow the WHO 2010 classifica-
tion  [1]  as well as the ENETS consensus guidelines from 
2011  [2]  and 2016  [3]  and the recommendations for 
TNM staging  [4, 5]  in order to better compare data from 
different centers. We are aware that a revised WHO clas-
sification will be published within the next few years, also 
considering G3 neuroendocrine carcinomas (NEC G3, 
poorly differentiated) versus G3 neuroendocrine tumors 
(NET G3, well differentiated) as different entities based 
upon differentiation. This may refine the current classi-
fications, if an objective definition of differentiation is 
achieved. This subclassification may have an impact on 
treatment, but may not change the general follow-up 
procedures and recommendations. It should be stressed 
that evidence-based studies for follow-up are largely 
missing.

  In this article, we have revised the previous recom-
mendations  [6]  and introduced a new set-up, which we 
find easier to apply on the daily routine for follow-up on 
patients with GEP, BP and thymic NEN ( Table 1 ). For BP 
NEN, typical and atypical carcinoids as well as large-cell 
neuroendocrine carcinomas have been included as per 
ENETS guidelines  [7]  and Danish guidelines  [8] . Small-
cell lung cancer is not included in the article as it is be-
yond the scope of these recommendations and as it is 
dealt with in several other guidelines. We have included 
a suggested follow-up regime for thymic NEN, although 
evidence for follow-up in these tumor types is lacking.

  Firstly, the different NEN are divided according to the 
organ of the primary tumor, including cancer of un-
known primary. Secondly, the tumors are recorded ac-
cording to their grading (GEP NEN), differentiation (thy-
mic and BP NEN), status, and operative outcome, respec-
tively ( Table 1 ). Data on stage (TNM – including size of 
the primary but also tumor burden), tumor aggressive-
ness (stable vs. progressive disease), functionality, chro-
mogranin A (CgA) levels, and hereditary disease, which 
all may have an impact and thus may affect the follow-up 
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 Table 1. Tumor-specific recommendations for follow-up (in most cases life-long)

Organ Status F-U Every CgA Markersa Endoscopy CT/MRI/USb SRIc FDG-PET Comments

Bronchopulmonary
Typical resected yes 6 – 12 m yes 5-HIAAd

relevant tumor 
hormonesd

bronchoscopym

5 – 10 y
6 – 12 m 12–

36 me
EBUS may be required if 
recurrence is suspected

Typical residual tumor 
or metastases

yes 3 – 6 m yes 5-HIAAd

relevant tumor 
hormonesd

bronchoscopym

5 – 10 y
3 – 6 m 12–

36 me
12–
24 ml

EBUS may be required if 
progression  is suspected

Atypical resected yes 3 – 6 m yes 5-HIAAd

relevant tumor 
hormonesd

bronchoscopym

1 – 3 y
(3)–6 m 12–

24 me,f
12–
24 ml

EBUS may be required if 
recurrence is suspected

Atypical residual tumor 
or metastases

yes 3 m yes 5-HIAAd

relevant tumor 
hormonesd

bronchoscopym

1 – 3 y
3 – 6 m 12–

24 me,f
12–
24 ml

EBUS may be required if 
progression  is suspected

LCNEC
poorly diff.

resected/
nonresected

yes 2 – 3 m yesd NSEd

relevant tumor 
hormonesd

bronchoscopym

if symptoms
2 – 3 m 12–

24 me,f
12–
24 ml

bronchoscopy indicated if 
rebiopsy, argon-beam or 
bronchial stent is required;
EBUS may be required if 
recurrence or progression is 
suspected

Thymic
Typical resected/

residual tumor 
or metastases

yes 6 – 12 m yes relevant tumor 
hormonesd

6 – 12 m 12–
36 me,f

12–
36 me,f

Atypical resected/
residual tumor 
or metastases

yes 3 – 6 m yes relevant tumor 
hormonesd

3 – 6 m 12–
24 me,f

6–
24 me,f

Poorly diff. resected/
nonresected

yes 2 – 3 m yesd relevant tumor 
hormonesd

3 – 6 m 12–
24 me,6

6–
24 me,f

Esophagus
G1–G2 NET resected/

nonresected
yes 3 m yesd none 12 m 

or symptoms
3 – 6 m 12–

24 me
EUS may be required if 
recurrence or progression is 
suspected

G3 NEC resected/
nonresected

yes 3 m yesd none 12 m, 
or symptoms

2 – 3 m 12–
24 me,6

6–
24 ml

EUS may be required if 
recurrence or progression is 
suspected

Stomach
Type 1 
G1–G2 NET

resected/
nonresected

yes 6 – 12 m yesg gastring

B12 vitamin
12 m, 
or symptoms

noh noh no EUS may be required if 
recurrence or progression is 
suspected

Type 2
G1–G2

resected/
nonresected

yes 6 – 12 m yes gastrin
Ca2+, PTH

6 – 12 m, 
or symptoms

12 m 12–
24 me,f

no EUS may be required if 
recurrence or progression is 
suspected

Type 3
G1–G3 NEC/NET

resected/
nonresected

yes 2 – 3 m yesd none 6 – 12 m, 
or symptoms

2 – 6 m 12–
24 me,f

12–
24 ml

EUS may be required if 
recurrence or progression is 
suspected

Duodenum
Gastrinoma
G1–G2

resected yes 6 – 12 m yes gastrin,
Ca2+, PTH

12 m, 
or symptoms

12 m 12–
24 me

Gastric pH measurement or 
secretin test may be 
performed if symptoms 
recur; EUS may be required
if recurrence is suspected

Gastrinoma
G1-G2

nonresected yes 3 – 6 m yes gastrin, 
Ca2+, PTH

6 – 12 m, 
or symptoms

6 – 12 m 12–
24 me

EUS may be required if 
progression is suspected

Other
G1–G2 NETn

resected/
nonresected

yes 3 – 6 m yesd relevant tumor 
hormonesd

12 m, 
or symptoms

6 – 12 m 12–
24 me

EUS may be required if 
recurrence or progression is 
suspected

G3 NEC/NETn resected/
nonresected

yes 3 m yesd none 12 m, 
or symptoms

3 m 12–
24 me,f

12–
24 ml

EUS may be required if 
recurrence or progression is 
suspected
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Table 1 (continued)

Organ Status F-U Every CgA Markersa Endoscopy CT/MRI/USb SRIc FDG-PET Comments

Pancreas
Insulinoma
solitary
G1–G2 NETn

resected yes once
3 – 6 m

yesd fasting BS
insulin
C-peptide
pro-insulin

no no no fasting test performed if 
symptoms recur; EUS may
be required if recurrence is 
suspected

Insulinoma
localized or 
metastases
G1–G2 NETn

nonresected yes 3 – 6 m yesd fasting BS
insulin
C-peptide
pro-insulin

no 3 – 6 m 12 me EBUS may be required if 
progression is suspected

Gastrinoma
G1–G2

resected yes 3 – 6 m yes gastrin, B12, 
Ca2+, PTH

6 – 12 m 12–
24 me

gastric pH measurement or 
secretin test may be 
performed if symptoms 
recur; EUS may be required
if recurrence is suspected

Gastrinoma
G1–G2

nonresected yes 3 – 6 m yes gastrin, B12, 
Ca2+, PTH

3 – 6 m 12–
24 me

EUS may be required if 
progression is suspected

Functional
pNET
G1–G2
localized or 
metastasesn

resected/
nonresected

yes 3 – 6 m yes relevant tumor 
hormonesd

no 3 – 6 m 12–
24 me

EUS may be required if 
recurrence or progression is 
suspected

Nonfunctional 
pNET
G1–G2n

resected/
nonresected

yes 3 – 6 m yes none no 3 – 6 m 12–
24 me

EBUS may be required if 
recurrence or progression is 
suspected

pNET
G3 NEC/
NETn

resected/
nonresected

yes 3 m yesd if functioning 
relevant tumor 
hormonesi

no 2 – 3 m 12–
24 me,f

12–
24 ml

EBUS may be required if 
recurrence or progression is 
suspected

Small intestine
G1–G2 curatively resected yes 6 – 12 m yes 5-HIAA no 6 – 12 m 24 me

G1–G2 residual tumor or 
metastases

yes 3 – 6 m yes 5-HIAA no 3 – 6 m 12 me in patients with carcinoid 
syndrome: NT-pro-BNP and 
echocardiography at least 
yearly

G3 NEC/
NET

resected/
nonresected

yes 3 m yesd relevant tumor 
hormonesi

no 2 – 3 m 12–
24 me,f

12–
24 ml

in patients with carcinoid 
syndrome: NT-pro-BNP and 
echocardiography at least 
yearly

Appendix
G1–G2
<2 cmj

curatively resected no no no no no no no appendectomy

G1–G2
>2 cmk

curatively resected/
nonresected

yes 3 – 6 m yes 5-HIAAd no 3 – 12 m 24 me right hemicolectomy

G3 NEC/
NET

resected/
nonresected

yes 3 m yesd relevant tumor 
hormonesi

no 2 – 3 m 12–
24 me,f

12–
24 ml

in patients with carcinoid 
syndrome: NT-pro-BNP and 
echocardiography at least 
yearly

Colon
G1–G2 curatively resected yes 6 – 12 m yesd 5-HIAAd yes

12 – 24 m
6 – 12 m 24 me serotonin-producing tumors 

of the cecum or if 5-HIAA is 
elevated at diagnosis

G1–G2 residual tumor or 
metastases

yes 3 – 6 m yesd 5-HIAAd yes, if symptoms 3 – 6 m 12 me serotonin-producing tumors 
of the cecum or if 5-HIAA is 
elevated at diagnosis

G3 NEC/
NET

resected/
nonresected

yes 3 m yesd none yes, if symptoms 2 – 3 m 12–
24 me,f

12–
24 ml

Rectum
G1–G2
<1 cm

curatively resected yes once no none once and if 
symptoms

no no EUS may be required if 
recurrence is suspected

G1–G2
1 – 2 cm

curatively/
noncuratively 
resected

yes 12 m yesd none 12 m or if 
symptoms

3 – 12 m 12–
24 me

EUS may be required if 
recurrence or progression is 
suspected

G1–G2
>2 cm

curatively/
noncuratively 
resected

yes 3–
12 m

yesd none 6 – 12 m or if 
symptoms

3 – 12 m 12–
24 me

EUS may be required if 
recurrence or progression is 
suspected

G3
NEC/NET

curatively/
noncuratively 
resected

yes 3 m yesd none 6 – 12 m or if 
symptoms

3 m 12 me,f 12–
24 ml

EUS may be required if 
recurrence or progression is 
suspected
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intervals, are too comprehensive to be included in  Ta-
ble 1 , but are mentioned in  Table 2 .

  Functioning tumors (the specific secreted hormone be-
ing their tumor marker) should be followed up with hor-
mone analyses and imaging every 3–12 months depend-
ing on hormone-related symptoms and tumor aggressive-
ness. If recurrence or persistence is highly suspected, 
functional tests, for example fasting test for insulinomas 
and secretin test for gastrinomas, may be required. 

  Recommendations for Follow-Up Investigations 

 It is recommended that follow-up should be performed 
in specialized NEN centers to obtain specific biochemis-
try and high-quality imaging. 

  General Recommendations 
 Documentation of each patient should encompass:

  • Patient identification and basic demographic details 
 • General health score (Karnofsky status/WHO score/

ECOG performance status) 
 • Patient’s history: onset, extent, and severity of tumor-

specific symptoms, hormone-related syndromes, fam-
ily history, inherited syndromes, metachronous or 
synchronous malignancies 

 • Comorbidity including concomitant diseases, includ-
ing kidney and liver disease 

 • Plasma CgA and relevant hormone levels with refer-
ence to previous levels considering the current unspe-
cific medical treatment of the patient (e.g., proton 
pump inhibitors may induce elevation of plasma CgA 
and gastrin levels) 

 • Presence of carcinoid heart disease 
 • Availability of tumor and/or patient samples, includ-

ing characteristics of the samples and location 

 • Pathological diagnosis including TNM stage (ENETS 
and UICC) and WHO grade (mitotic count or pre-
ferred Ki-67 proliferation index) from resected tumor 
specimens or from biopsies from targeted organs 

 • Development of tumor and metastases and changes in 
tumor burden based on computerized tomography/
magnetic resonance imaging (CT/MRI) and soma-
tostatin receptor imaging (SRI); for SRI, up-take grade 
should be recorded 

 • Preceding and actual treatment(s) 
 • Consider referral to curative or debulking surgery 
 • Consider referral to medical treatment 
 • Consider referral to peptide receptor radionuclide 

treatment  
 • Consider referral to liver-directed interventional treat-

ment  
 • Consider referral to palliative unit for supportive care 

 If relevant from the above, the patient documentation 
should be presented at the multidisciplinary tumor board 
for further planning.

Table 1 (continued)

Organ Status F-U Every CgA Markersa Endoscopy CT/MRI/USb SRIc FDG-PET Comments

Cancer – unknown primary
G1–G2 noncuratively 

resected
yes 3 – 6 m yesd 5-HIAAd no 3 – 6 m 12 me

G3 NEC/
NET

noncuratively 
resected

yes 3 m yesd 5-HIAAd no 3 m 12 me,f 12–
24 ml

 LNEC, large-cell neuroendocrine carcinomas; NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma; pNET, pancreatic neuroendocrine tumor; F-U, follow-up; m, months; 
NSE, neuron-specific enolase; PTH, parathyroid hormone; BS, blood sugar; y, years; EBUS, endobronchial ultrasound; EUS, endoscopic ultrasound.

a Other tumor markers and hormones in blood and urine. b CT is preferred for routine control. c Somatostatin receptor imaging (68Ga-DOTA PET; octreotide scintigraphy). d Only 
if elevated at diagnosis. e Only if positive at diagnosis. f In G3 NEC or atypical pulmonary NET, 18FDG-PET may be used instead. g Are usually elevated, but have no implement on F-U. 
h Only if metastasized; for CT/MRI/US every 6 months, for SRI every 12 – 24 months. i Rarely functioning. j No metastases, no angioinvasion, mesoappendiceal invasion <3 mm. k Or 
metastases, angioinvasion, mesoappendiceal invasion >3 mm, localized at the base, uncertain resection margins. l FDG-PET-CT may be used instead of SRI if positive at diagnosis.
m Only if tumor is visible by bronchoscopy at diagnosis. n Hereditary diseases (MEN-1, VHL and neurofibromatosis type 1 is included).

 Table 2. Shorter intervals between follow-ups in patients with 
NEN

High-grade tumors
Large tumor burden (e.g., liver burden >30% and lung/

bone metastases)
Extensive disease
Aggressive behavior (progression within few months)
Severe (uncontrolled) endocrine symptoms
Weight loss and clinical aggravation
High chromogranin A levels >10 UNL

UNL, upper normal level.
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  General Comments 
 Tumor-specific follow-up investigations are mainly 

based on clinical symptoms, imaging procedures such as 
functional and cross-sectional imaging, and tumor mark-
ers. However, an expert physician who is in charge of an 
individual patient is able to judge the patient’s general 
health and even prognosis by a careful history and exam-
ination, assessment of weight loss, muscular mass and 
symptoms, for example heart function in cases of the car-
cinoid syndrome and possible carcinoid cardiac disease. 
However, these items are difficult to compare inter- and 
intraindividually and should be supported where possible 
by “objective” procedures such as imaging methods and 
serum/plasma tumor markers.

  Tumor Markers 
 Chromogranin A 
 At present, the most common and reliable tumor 

marker is plasma CgA for patients with G1 and G2 NEN. 
However, plasma CgA is generally normal in patients 
with nonfunctioning duodenal NEN, appendiceal NEN, 
small rectal NEN and insulinomas and is often normal in 
patients with localized G1 and G2 NEN and in patients 
with G3 NEN (some G3 NET can have increased CgA 
plasma levels). Plasma CgA may reflect tumor mass and 
changes in tumor burden but also secretory activity of the 
tumor  [9–13] . In addition, plasma CgA may be an indica-
tor for prognosis mainly in small intestinal NEN  [9, 11, 
14] . Furthermore, an increase in the CgA level has been 
suggested as the first indicator of recurrence  [15] . How-
ever, fluctuations in plasma CgA are frequently seen and 
in case of more than 25% increase from the previous lev-
el, determination of CgA should be repeated. If still in-
creased, imaging with CT/MRI or SRI is recommended. 
Plasma CgA may also be elevated without the presence of 
NEN, for example due to the use of proton pump inhibi-
tors, chronic atrophic gastritis, or decreased kidney and 
liver function  [16, 17] .

  In some clinical trials with new targeted agents, signifi-
cant reductions in CgA have been associated with better 
outcomes  [14] . However, variations in plasma CgA with-
out changes in imaging or symptoms compared to baseline 
levels should not be considered for treatment modifica-
tion. Since several assay kits exist, but with no internation-
al standard, caution is recommended when comparing 
values from kits of different manufacturers  [10] . Further-
more, each CgA kit has to be evaluated concerning sensi-
tivity and specificity. CgA levels and normal ranges differ 
in the literature and from laboratory to laboratory and 
from assay to assay because they are measured by different 

methods. Therefore, “cutoff levels” recommended for de-
cision-making should be applied with caution, and each 
institution has to define its own “cutoff levels.”

  Chromogranin B 
 Plasma chromogranin B (CgB) may be of value in the 

follow-up of BP and rectal NEN  [18] . However, the avail-
ability for CgB is limited.

  Neuron-Specific Enolase 
 Plasma neuron-specific enolase may act as an addi-

tional marker in patients with G3 NEN  [19]  and has been 
shown to be a prognostic marker in GEP NEN  [14, 20] . 

  5-Hydroxyindoleacetic Acid 
 Twenty-four-hour urine 5-hydroxyindoleacetic acid 

(5-HIAA) is an established marker for patients with sero-
tonin-producing small intestinal/appendiceal and BP 
NEN, in particular in the presence of the “carcinoid syn-
drome.” However, the sensitivity is less than that of plas-
ma CgA  [21] . Recently, analyses for serum 5-HIAA have 
been introduced  [22] . Urine 5-HIAA is influenced by a 
number of dietary factors, for example avocado, banana, 
tomato and others, and by drugs such as coumarin, 
paracetamol, phenacetin, aspirin and others.

  Serotonin 
 Measurement of serum serotonin is not recommended 

for follow-up  [23] .

  Gastrointestinal Hormones 
 In patients with functioning pancreaticoduodenal tu-

mors (insulinoma, gastrinoma, glucagonoma, VIPoma, 
somatostatinoma, etc.), the respective hormones are used 
as diagnostic markers. However, the prognostic value of 
change in hormone values is uncertain.

  NT-pro-Brain Natriuretic Peptide 
 Measurement of NT-pro-brain natriuretic peptide 

(NT-pro-BNP) once yearly or at least every 2nd year is 
recommended in the follow-up of patients with carcinoid 
syndrome to reveal development and to control carcinoid 
heart disease  [24] . It is supplemented by echocardiogra-
phy or eventually MRI of the heart  [25–27] .

  Imaging 
 For G1 and G2 neuroendocrine tumors, which are 

generally slow growing, follow-up imaging is usually be-
tween 6 and 12 months but some patients may require 
imaging evaluation earlier. Better determination of the 
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timing of morphological evaluation is required in studies 
either retrospectively or prospectively.

  Cross-Sectional Imaging  
 Current imaging procedures encompass CT, MRI, ab-

dominal ultrasound (US), with or without contrast en-
hancement, and SRI. Primarily CT is used because of its 
standardized imaging planes that facilitate comparison 
between examinations and since the tissue resolution is 
better in cases of extended tumor load. Additionally, MRI 
may be preferable in younger patients having several im-
aging procedures, to reduce radiation dose. In addition, 
MRI is superior to CT to evaluate liver metastases, pan-
creatic and rectal NEN. Abdominal US may, however, be 
used for follow-up if documentation allows one to com-
pare findings obtained during different follow-up visits. 
US is also valuable for the occasional patients in whom 
liver metastases are better visualized by US than by CT 
and for biopsy of new or rapidly growing lesions.

  Thoracoabdominal CT, including three-phase exami-
nation of the liver, is the preferred imaging for follow-up 
as it is widely available and has relatively low cost. How-
ever, in many centers, abdominal MRI is preferred and if 
resection of liver metastases is considered during follow-
up, it is generally recommended to perform MRI to reveal 
small liver metastases not visualized by CT  [28] . 

  Functional Imaging 
 Somatostatin receptor scintigraphy (SRS) with  111 In-

pentetreotide (octreotide scintigraphy), including planar 
imaging and SPECT, has been the mainstay for SRI al-
though most NEN centers currently perform PET-CT 
with  68 Ga-DOTA-conjugated peptide (e.g., TOC/NOC/
TATE) as this PET imaging technique is superior to SRS 
showing higher sensitivity, spatial resolution, identifica-
tion of more lesions, less radiation, and a shorter investi-
gation time  [29–32]  and is therefore preferred in follow-
up. Other PET tracers, such as  64 Cu-DOTATATE-
PET-CT  [30, 31] , 18 F-DOPA-PET-CT  [33–35]  and  11 C-
5-HTP-PET  [36]  as well as GLP-1 receptor imaging with 
 111 In-DTPA-exendin-4 SPECT-CT  [37] , may be used in 
follow-up if positive at baseline and if available at the cen-
ter. Currently, there are only limited data available of 
PET-based imaging for routine follow-up, and its signifi-
cance in this respect is currently not possible to define. 
However, PET may reveal metastases not seen on SRS or 
CT, particularly in bone and lymph nodes  [30, 31, 33–35] . 
Grade uptake at SRI as well as homogeneity of uptake 
should be specified  [38] , also to evaluate the eligibility for 
peptide receptor radionuclide treatment.

   18 FDG-PET-CT has a higher sensitivity than SRS in 
patients with G3 NEN and should instead be utilized for 
follow-up in this group of patients  [39] . Furthermore, 
 18 FDG-PET-CT is frequently positive in G2 NEN with a 
high Ki-67 index and in aggressive and rapidly growing 
NEN  [39, 40] . In addition,  18 FDG-PET is an important 
prognostic factor in NEN, as patients with a positive PET 
have a significantly poorer prognosis than patients with a 
negative one  [39, 41] . Additionally, evidence of different 
uptake in  18 FDG-PET and SRI in the same patient reflects 
the tumor heterogeneity and could have an impact in de-
cision-making criteria  [42] . However,  18 FDG-PET-CT is 
not commonly used for follow-up and in general only 
when SRI is negative, in patients with G3 NEN or in oth-
er selected subgroups of patients. 

  Endoscopy 
 Upper endoscopy should be utilized in the follow-up 

and control of gastric NEN and colonoscopy and sig-
moidoscopy should be used for the follow-up of patients 
with colorectal NEN. National follow-up strategies should 
be followed to early diagnose metachronously appearing 
secondary gastrointestinal malignancy. Follow-up bron-
choscopy for recurrence is indicated in patients with BP 
neuroendocrine tumors localized preoperatively by bron-
choscopy.

  Endoscopic ultrasonography, eventually with biopsy, 
of the stomach, duodenum, pancreas, and rectum could 
be useful for follow-up in selected patients (T and N stag-
ing) and also in patients with MEN-1. Capsule endoscopy 
(jejunum/ileum) is rarely indicated in the follow-up. En-
doscopic bronchial ultrasonography may be indicated in 
follow-up if biopsy of pathologic peribronchial lymph 
nodes is required.

  Histopathology 
 In patients with tumor or metastatic recurrence and/

or rapid or unexpected progression imaging-guided bi-
opsy should be considered to re-evaluate the Ki-67 pro-
liferation index. An increase may change the treatment 
strategy or may rule out secondary malignances. Biopsies 
should be taken from new or rapidly growing metastases.

  Echocardiography 
 “Carcinoid heart disease” with involvement of the tri-

cuspid and pulmonary valves is observed in up to 10–20% 
of patients with the carcinoid syndrome  [43] . In all pa-
tients with carcinoid syndrome and in patients with G1/
G2 GEP NEN or BP NEN with high 24-h urine, 5-HIAA 
level echocardiography should be performed at diagnosis 
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and thereafter annually or shorter if clinically indicated 
 [25–27] . The measurement of NT-pro-BNP should be 
performed as well  [24] . 

  Progression Rate 

 Progression disease rates within G1/G2 GEP NEN and 
BP NEN are not always well defined only using the grad-
ing system. Stable and slowly growing tumors should be 
differentiated from more aggressive tumors in follow-up 
schedules, i.e., patients with aggressive and rapidly grow-
ing tumors should have a follow-up with imaging every 3 
months while patients with stable or slowly growing tu-
mors may have imaging every 6–12 months ( Tables 1 ,  2 ). 
Efforts to quantify the rate of progression should be per-
formed. Furthermore, if stable disease is seen over longer 
time, the interval between follow-up visits and imaging 
may be further extended. Trying to define the progression 
rate and the influence in follow-up for metastatic disease, 
a proposed timeline for follow-up regarding tumor pro-
gression is given in  Figure 1 .

  Hereditary Diseases 

 Patients with hereditary diseases such as multiple en-
docrine neoplasia type 1 (MEN-1), von Hippel-Lindaus 
syndrome (VHL), or neurofibromatosis type 1 should be 
followed according to the organ of the primary tumor, for 
example the pancreas and duodenum. Guidelines for the 

follow-up of non-GEP disease or manifestations, for ex-
ample parathyroid or pituitary adenomas in MEN-1, 
brain and kidney manifestations in VHL and GIST in 
neurofibromatosis type 1, are not described in these rec-
ommendations as they are beyond the scope of this review 
and are dealt with in several other guidelines. 

  Tumor-Specific Recommendations 

 The recommended follow-up for NEN, including GEP 
NEN, BP (typical and atypical) carcinoids, large-cell neu-
roendocrine carcinomas as well as thymic NEN, is given 
in  Table 1 . The panel agrees that the level of evidence for 
follow-up recommendations is low. The recommenda-
tions are in accordance with those given in the WHO 
2010 classification of GEP NEN, the ENETS 2016 guide-
lines for GEP NEN  [3]  and the recent guidelines for BP 
NEN  [7] .

  Follow-up is life-long for most patients, with the ex-
ceptions mentioned in  Table 1 . The comprehensive  Ta-
ble 1  on follow-up is based on the organ of the primary 
tumor and is intended to give a simple overview or cata-
log for the clinician. Therefore, some of the schemes are 
repeated from one organ to the other. The panel did not 
distinguish in the follow-up between patients with G1 
and G2 GEP NEN, whereas patients with G3 GEP NEN 
were considered as a separate group. 

  In general, follow-up for resected or nonresected tu-
mors are placed in the same group, but the intervals be-
tween follow-ups are in general shorter in patients with 

Beginning of 
follow-up

3 months 6 months 9 months 12 months 15 months 18 months 21 months 24 months and
therea er 

Imaging and
biomarkers

Imaging and
biomarkers

Imaging and
biomarkers

Imaging and
biomarkers

Biomarkers Biomarkers

Imaging and
biomarkers

Imaging and
biomarkers

mont onth mon mont reaonth mon mon

  Fig. 1.  Proposed timeline schedule for the follow-up of patients with G1/G2 gastroenteropancreatic neuroendo-
crine neoplasms and bronchopulmonary (typical and atypical) carcinoids regarding tumor progression rate. Ini-
tial follow-up every 3 months with clinical assessment, imaging and biomarkers is suggested to define progression 
rate. If stable disease has been confirmed after 15 months, imaging control could be performed every 6–12 months 
and clinical and biomarker evaluation every 3–6 months. 
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residual tumor or metastases compared to patients with 
curatively resected tumor or metastases as well as in pa-
tients with aggressive disease ( Table 2 ). 

  The follow-up investigations that should be docu-
mented to visualize the specific course of the disease in an 
individual patient are summarized in  Tables 1  and  2  and 
in  Figure 1 . 
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symptoms vary by subtype.  Conclusions:  This review em-
phasises the need to develop a QoL measure for pNETs with 
specific items relevant to the different subtypes, due to the 
distinct symptoms reported. Following from this review, pa-
tient and healthcare professional interviews will be conduct-
ed in large cohorts across many different countries to collect 
more data on QoL issues specific to pNETs. This data will all 
be collated with the aim to create a QoL measure for pNETs. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Neuroendocrine tumours (NETs) are a heterogeneous 
group of highly vascular, rare neoplasms that arise from 
cells of the endocrine and nervous system. NETs account 
for only 0.5% of all malignancies with an incidence of be-
tween 3 and 5 per 100,000 population per year but with a 
high prevalence of 35 per 100,000 population because of 
slow tumour growth  [1] . NETs arising in the gastrointes-
tinal tract are the most common, accounting for two-
thirds of all NETs  [2] . Pancreatic NETs (pNET), specifi-
cally, have an incidence of  ≤ 1 case per 100,000 population 
per year and account for 1–2% of all pancreatic tumours 
 [3–5] .

 Keywords 

 Neuroendocrine tumour · Neuroendocrinology · Quality of 
life · Symptoms  

 Abstract 

  Purpose:  Pancreatic neuroendocrine tumours (pNETs) are 
rare neoplasms, in that they may only present symptoms of 
the hormone secreted, without any generic cancer issues. It 
is thus important to measure quality of life (QoL) in these pa-
tients by evaluating issues relevant and important to them, 
as opposed to general cancer issues. This paper systemati-
cally reviews papers addressing the symptoms and QoL im-
plications of pNETs, and evaluates each subtype separately, 
with the aim to create a list of QoL issues relevant to these 
patient groups.  Methods:  Medline, EMBASE, CINAHL, PsycIn-
fo, Web of Science, Scopus, OpenGrey, and the Cochrane Li-
brary were searched for publications (1990–2016) reporting 
symptoms and QoL issues in pNETs.  Results:  Following 
screening of 2,797 papers, 69 articles were eligible for data 
extraction. From these papers, 84 different symptoms or QoL 
issues were extracted: 21 for gastrinoma, 18 for glucagono-
ma, 50 for insulinoma, 10 for VIPoma and 15 for non-func-
tioning pNETs. No issues were reported for somatostatino-
ma, PPoma or ACTHoma. The most frequently reported 
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  The clinical presentation of a pNET is dependent on 
its functionality. pNETs can be classified as functioning 
(causing hormonal symptoms) or non-functioning  [1] . 
Functioning pNETs secrete a predominant hormone and 
therefore clinically present with a distinct hormonal syn-
drome. The main types of functioning pNETs are insuli-
noma, gastrinoma, glucagonoma, and VIPoma, with oth-
ers such as PPoma, somatostatinoma and ACTH secre-
tion being more rare  [6] , as demonstrated in  Table 1 . In 
contrast, non-functioning pNETs do not present clini-
cally with a hormonal syndrome, but often present with 
symptoms of local compression or metastatic disease  [7–
9] . As a result of these symptoms in both functioning and 
non-functioning tumours, one would expect a pNET to 
significantly impact a patient’s quality of life (QoL). Fur-
ther to this, surveillance studies have shown that survival 
times are generally better in pNETs than many other ma-
lignancies, thus patients live with the disease for longer 
 [10–12] , making QoL a crucial measure when consider-
ing the care for these patients. Despite this, however, little 
data has been reported on the QoL implications for these 
patients.

  QoL encompasses a multitude of facets including 
physical health, psychological state, social relationships, 
and personal beliefs  [14] . Thus, many aspects of a disease 
affect QoL so it is important to assess in patients living 
with disease, especially for prolonged periods. The 
EORTC QLQ-GINET21 module, designed to be used 
with the QLQ-C30 questionnaire, to assess QoL in pa-
tients with gastrointestinal NETs was fully validated and 
published in 2013 on behalf of the EORTC Quality of Life 
Group  [15] . Originally this research aimed to encompass 
QoL implications for NETs of gut and of pancreatic ori-
gin. However, due to the significant prognostic differenc-

es between NETs of gut and of pancreatic origin, there is 
consensus from patients and NET specialists that the 
QLQ-GINET21 is not comprehensive enough for pa-
tients with pNETs, and this module should be re-devel-
oped for this specific patient group. Furthermore, as there 
is a lack of extensive data available on QoL with pNET 
patients, it is likely that the issues they face have altered 
due to changes in disease presentation, symptoms and 
therapeutic advances in 10 years following the QLQ-
GINET21 module development  [16] . Additionally, not 
enough patients with functioning pNETs were recruited 
during the phase 3 module development of the QLQ-
GINET21 and therefore these patients (with the excep-
tion of gastrinoma) were excluded from the phase 4 vali-
dation study, meaning the QLQ-GINET21 is not validat-
ed for these patients, and further research needs to inves-
tigate the QoL issues specific to pNET patients.

  The current review aims to identify the QoL issues 
faced by patients with pNETs by reviewing the published 
literature.

  Method 

 Search Strategy and Eligibility Criteria 
 Medline, Embase, CINAHL, PsycInfo, Web of Science, Scopus, 

OpenGrey, and the Cochrane Library were searched for publica-
tions reporting QoL issues in pNET patients. The search extended 
from January 1990 to May 2016. Terms for pancreatic cancer, 
pNET, and QoL were searched, combined using Boolean logic 
rules. Pancreatic cancer was combined with the free-text term “en-
docrine” to help limit the results to pancreatic cancer of the endo-
crine system. The GINET21 and other relevant existing question-
naires were also searched, combined with the pancreatic cancer 
and pNET terms. To aid the search for literature on QoL in more 
rare pNETs (i.e. insulinomas, gastrinomas, and glucogonomas), 
known symptoms such as hypoglycaemia, duodenal ulceration 
and necrolytic migratory erythema were searched combined with 
QoL terms. See  Table 2  for all search terms applied.

  Primary or secondary publications documenting symptoms or 
QoL issues in patients with pNET were included, only excluding 
conference abstracts, book chapters, literature reviews, case re-
ports (with less than 3 cases reported), and animal/basic science 
studies. In the initial search phase, no language restrictions were 
implemented. 

  Results 

 Literature Search 
 The searches generated 4,723 “hits” in total ( Fig. 1 ). 

This reduced to 2,328 after removing duplicates ( n  = 
1,926) and case reports ( n  = 469). Titles and abstracts 

 Table 1.  Incidence of subtypes of pNETs [13]

Tumour Incidence per 
million per year

Insulinoma 1 – 2
Gastrinoma1 1 – 2
Glucagonoma 0.1
VIPoma 0.1
Somatostatinoma <0.1
ACTH secreting <0.1
Non-syndromic (including pancreatic

polypeptide) 1 – 2

 1 About half of cases arise in the duodenum.
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were screened against the eligibility criteria by 3 of the 
authors (M.T., J.K.R., and A.D.). Each reference was cod-
ed as “accept” or the reason for exclusion. A first round 
of screening identified 480 papers for inclusion (agree-
ment = 82.1%). Discussion between the 3 raters led to the 
criteria for inclusion being revised, after which a second 
round of title and abstract screening was conducted. This 
resulted in 228 papers being identified for inclusion 
(agreement = 91.1%). Papers selected by any of the 3 re-
viewers were included for full paper review ( n  = 228).

  Full paper screening resulted in a further 159 papers 
being excluded, including 31 conference abstracts, 1 edi-
torial, 21 review articles, 9 case reports, 15 with no men-
tion of QoL or symptoms, 29 on the wrong patient group, 

14 did not specify the type of pNET the patients had, and 
10 only referred to post-treatment issues. The 29 foreign 
language articles found were rejected since facilities were 
not available for full translation of all these papers. Thus, 
69 papers  [25–93]  were eligible for data extraction, of 
which most were retrospective in nature but there were 
also some prospective observational studies and quasi-
experimental trials.

  Issues Generation 
 A total of 69 papers were coded for QoL issues/symp-

toms. All coding for issues was carried out by the lead 
author (M.T.) using NVivo TM  Software  [94] . Coding in-
cluded: the type of pNET the patients had, the symptom 

 Table 2. Search terms applied

Concept 
(combined by 
AND)

Terms (combined by OR)

Pancreatic Pancreatic neoplasms (MeSH term)
cancer Pancreatic ductal carcinoma (MeSH term)

Pancreas cancer (Emtree term) 
Pancrea* cancer
Pancrea* carcinoma 
Pancrea* tumo?r
Metastatic pancrea* cancer
Pancreatic neuroendocrine tumo?r

Pancreatic pNET 
neuroendocrine Pancrea* NET
tumours Pancreas islet cell tumor (Emtree term)

Islet cell adenoma (MeSH term)
Islet cell carcinoma (MeSH term)
Endocrine tumo?r pancreas
Endocrine pancrea* tumo?r 
Gastro-enteropancreatic neuroendocrine 
tumo?r 
GEPNET
Functioning pancrea* endocrine tumo?r
Non-functioning pancrea* endocrine tumo?r
Metastatic NET
Gastrinoma (MeSH term)
Insulinoma (MeSH term)
Glucagonoma (MeSH term)
VIPoma (MeSH term)
Werner-Morrison syndrome
Zollinger-Ellison syndrome
Hypoglycemia (Emtree term, MeSH term)

Hypoglycaemia Hypoglyc*emia

Duodenal Duodenum ulcer (Emtree term)
ulceration Duoden* ulcer*

Concept 
(combined by 
AND)

Terms (combined by OR)

Necrolytic 
migratory 
erythema

Necrolytic migratory erythema

Health-related Quality of life (MeSH term)
quality of life QoL

Health related quality of life
HRQOL
Subjective health status
Patient reported outcome
Patient based outcome
Patient reported outcome measure
PROM 
Self-report
Side effect
Impairment
Complaint
Symptom

Existing GINET21 
questionnaires1 QLQ C30 

PAN26
LMC21
HCC18
BIL21
FACT-HEP
Norfolk QoL-NET

The asterisk indicates that alternative endings to the word were 
searched; e.g., Pancrea* cancer searched for both pancreas cancer 
and pancreatic cancer. The question marks in the middle of words 
allowed for different spellings of the same word to be searched; e.g., 
tumo?r searched for tumor and tumour. 1 See ref. [17 – 24].
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or QoL issue reported, and the percentage of patients re-
porting that symptom in each paper (<20; 20–50; 50–80; 
and >80%). All symptoms or QoL issues reported in the 
papers were coded.

  A total of 141 potential pNET QoL issues were extract-
ed from the literature. Duplicates, test results, and medi-
cal terms (as opposed to symptoms) were removed from 
the list following a review by M.T. and J.K.R., and the list 
was reduced to 84 issues. There were 21 issues reported 
for gastrinoma, 18 for glucagonoma, 50 for insulinoma, 
10 for VIPoma, and 15 for non-functioning pNETs. No 
issues were reported for somatostatinoma, PPoma or
ACTHoma. All reported issues are displayed in  Table 3 , 
listed by frequency with most frequently reported at the 
top of the list. Only two issues were common for all sub-
types: weight loss and abdominal pain. Weight loss was 
reported in 21 papers, and abdominal pain was reported 
in 29 papers.

  The 5 most frequently reported QoL issues for each of 
the subtypes are shown in  Table  4 . This data demon-
strates the variation in symptoms between subtypes. The 
numbers reported in  Table 4  are the number of papers in 
which the symptoms are reported for each subtype of 
pNET and (right hand column) the number of papers in 
which the symptoms were reported by more than 50% of 
patients. The symptoms were all reported by patients in 
some way, but since most papers are retrospective analy-
ses, the mode of patient reporting is not standardised.

  Of interest is that in gastrinoma the most prominent 
symptom is diarrhoea, whereas standard teaching would 
suggest that dyspepsia and symptoms from ulcers are 
most common  [95] . Similarly diarrhoea as a symptom of 
glucagonoma is not commonly mentioned, but is report-
ed in most of the papers in this study. However, it is not 
mentioned by more than 50% of the patients in any one 
study, with weight loss, abdominal pain, and rash being 
reported more commonly. The symptoms of insulinoma 
as above are similar to what would be expected from stan-
dard teaching  [95] . The top 3 symptoms of VIPoma are 
well known but flushing is not usually thought to be a 
prominent symptom  [95] . The abdominal pain of non-
functioning pNET may be expected  [96]  and although 
jaundice, vomiting, anorexia, and back pain were report-
ed in some papers, only abdominal pain was reported by 
more than 50% of patients.

  There were no specific symptoms reported for
PPoma, confirming the belief that there are often no 
symptoms caused by these tumours  [95] . For somatostat-
inomas, a number of symptoms are quoted by clinicians 
in the literature  [95] , but there are no papers giving re-
ports of these directly from patients. ACTH-secreting 
tumours are very rare and there are again no directly 
reported symptoms but these are well described since 
they are essentially the same as for (pituitary) Cushing 
syndrome.

Records identified through 
database search 

n = 4,723

Articles excluded n = 2,395
- Duplicates n = 1,926
- Case repots n = 469 

Titles and abstracts screened 
n = 2,328

Papers eligible for full 
paper review 
n = 228

Papers coded for 
QoL issues/symptoms 

n = 69

Articles excluded n = 2,100, 
agreement 91.9%

Articles excluded n = 159 
- 31 conference abstracts
- 1 editorial
- 21 reviews
- 9 case reports
- 15 no mention of QoL/symptoms
- 29 wrong patient group
- 29 foreign language
- 14 did not specify pNET type
- 10 only postop./side effects

  Fig. 1.  Flow chart of the paper selection 
process. 
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 Table 3. Symptoms/quality of life issues (listed from most frequently reported to least)

Gastrinoma Glucagonoma Insulinoma VIPoma NF pNET

Diarrhoea
Abdominal pain

Diarrhoea
Weight loss

Hypoglycaemia
Confusion

Weight loss
Diarrhoea

Abdominal pain
Jaundice

Heartburn
Nausea

Abdominal pain
NME

Sweating
Weight gain

Dehydration
Flushing

Anorexia
Vomiting

Vomiting
Duodenal ulceration

Nausea
Cheilitis

Syncope
Hunger

Abdominal pain
Backache

Back pain
Diarrhoea

GI bleeding
Peptic ulceration

IOM
Jaundice

Palpitations
Seizures

Coma
Skin rash

Dyspepsia
Fatigue

Weight loss
Dyspepsia

Peptic ulceration
Rash

Abnormal behaviour
Dizziness

Vomiting
Weakness

Weakness
Weight loss

Haematemesis
Painful swallowing

Vomiting
Anorexia

Tremors
Coma

Acute pancreatitis
Bowel habit change

Tarry stools
Appetite change

Conjunctivitis
GERD

Weakness
Convulsions

Lethargy
Nausea

Constipation
Dysphagia

Glossitis
Malaise

Headaches
Drowsiness

Pruritus

Epigastralgia
Jaundice

Pruritus
Reduction in taste

Amnesia
Paraesthesias

Limb oedema
Regurgitation
Weakness

Personality change
Visual disturbance
Abdominal pain
Anxiety
Blurred vision
Fainting
Weight loss
Diplopia
Irritability
Light-headedness
Nausea
Pallor
Speech disturbances
Vertigo
Aggressiveness
Altered mental states
Awake to eat at night
Cognitive dysfunction
CD
Fatigue
Giddiness
Hallucinations
Hysteria
Lack of coordination
Lethargy
Memory disorder
Nocturia
NAB
Peptic ulceration
Shortness of breath
Slow reactions
UAM

NME, necrolytic migratory erythema; IOM, inflammation of oral mucosa; CD, concentration disturbances; NAB, nocturnal abnormal 
behaviour; UAM, unable to awaken in morning; GERD, gastro-oesophageal reflux disease; NF pNET, non-functional pancreatic 
neuroendocrine tumour; GI, gastrointestinal.
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 Table 4. Five most frequently reported symptoms by pancreatic neuroendocrine tumour subtype

Symptom Papers reporting issue, n Papers where issue reported by >50% patients, n

Gastrinoma
Diarrhoea 16 Crona et al., 2016 [40]; Morocutti et al., 2006 [71]; 

Matthews et al., 2002 [68]; Waxman et al., 1991 [89]; 
Wilcox et al., 2011 [93]; Hirschowitz et al., 1996 [58]; 
Larkin et al., 1998 [66]; Wermers et al., 1996 [90]; Roy et 
al., 2000 [79]; Roy et al., 2001 [78]; Collen and Jensen, 1994 
[37]; Grozinsky-Glasberg et al., 2011 [54]; Hoffmann et al., 
2006 [60]; Smallfield et al., 2010 [80]; Benya et al., 1994 
[27]; Eriksson et al., 1990 [47]

8 Wermers et al., 1996 [90]; Roy et al., 2000 [79]; 
Roy et al., 2001 [78]; Collen and Jensen, 1994 
[38]; Grozinsky-Glasberg et al., 2011 [54]; 
Hoffmann et al., 2006 [60]; Smallfield et al., 
2010 [80]; Benya et al., 1994 [27]

Abdominal 
pain

9 Morocutti et al., 2006 [71]; Larkin et al., 1998 [66]; Wilcox 
et al., 2011 [93]; Wermers et al., 1996 [90]; Smallfield et al., 
2010 [80]; Roy et al., 2000 [79]; Roy et al., 2001 [78]; 
Hoffmann et al., 2006 [60]; Collen and Jensen, 1994 [37]

5 Smallfield et al., 2010 [80]; Roy et al., 2000 [79]; 
Roy et al., 2001 [78]; Hoffmann et al., 2006 
[60]; Collen and Jensen, 1994 [37]

Heartburn 9 Morocutti et al., 2006 [71]; Wilcox et al., 2011 [93]; Roy et 
al., 2001 [78]; Roy et al., 2000 [79]; Waxman et al., 1991 
[89]; Collen and Jensen, 1994 [37]; Benya et al., 1994 [27]; 
Hoffmann et al., 2006 [60]; Smallfield et al., 2010 [80]

4 Collen and Jensen, 1994 [37]; Benya et al., 1994 
[27]; Hoffmann et al., 2006 [60]; Smallfield et 
al., 2010 [80]

Nausea 9 Collen and Jensen, 1994 [37]; Waxman et al., 1991 [89]; 
Morocutti et al., 2006 [71];  Wermers et al., 1996 [90]; 
Benya et al., 1994 [27]; Roy et al., 2001 [78]; Roy et al., 2000 
[79]; Wilcox et al., 2011 [93]; Hoffmann et al., 2006 [60]

1 Hoffmann et al., 2006 [60]

Vomiting 9 Waxman et al., 1991 [89]; Collen and Jensen, 1994 [37]; 
Crona et al., 2016 [40]; Wilcox et al., 2011 [93]; Roy et al., 
2001 [78]; Benya et al., 1994 [27]; Roy et al., 2000 [79]; 
Smallfield et al., 2010 [80]; Wermers et al., 1996 [90]

0

Glucagonoma
Weight loss 6 Matthews et al., 2002 [68]; Crona et al., 2016 [40]; Chu et 

al., 2001 [35]; Wermers et al., 1996 [91]; Wermers et al., 
1996 [90]; Eldor et al., 2011 [45]

4 Chu et al., 2001 [35]; Wermers et al., 1996 [91]; 
Wermers et al., 1996 [90]; Eldor et al., 2011 
[45]

Diarrhoea 6 Tomassetti et al., 2000 [86]; Wermers et al., 1996 [90]; 
Wermers et al., 1996 [91]; Chu et al., 2001 [35]; Eldor et al., 
2011 [45]; Tomassetti et al., 1998 [87]

0

Abdominal 
pain

5 Eldor et al., 2011 [45]; Wermers et al., 1996 [91]; Wermers 
et al., 1996 [90]; Matthews et al., 2002 [68]; Chu et al., 2001 
[35]

2 Matthews et al., 2002 [68]; Chu et al., 2001 [35]

Necrolytic 
migratory 
erythema

4 Tomassetti et al., 2000 [86]; Chu et al., 2001 [35]; 
Echenique-Elizondo et al., 2004 [44]; Eldor et al., 2011 [45]

2 Echenique-Elizondo et al., 2004 [44]; Eldor et 
al., 2011 [45]

Nausea 3 Wermers et al., 1996 [90]; Wermers et al., 1996 [91]; Chu et 
al., 2001 [35]

0
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Table 4 (continued)

Symptom Papers reporting issue, n Papers where issue reported by >50% patients, n

Insulinoma
Hypo-
glycaemia

25 Wermers et al., 1996 [90]; Gillams et al., 2005 [52]; van den 
Akker et al., 2012 [88]; Toaiari et al., 2013 [85]; 
Placzkowski et al., 2009 [77]; Mitrakou et al., 1993 [70]; 
Gopal et al., 2010 [53]; Matthews et al., 2002 [68]; Komatsu 
et al., 2016 [64]; Jyotsna et al., 2006 [62]; Hoem et al., 2008 
[59]; Mazzaglia et al., 2007 [69]; Ayav et al., 2005 [25]; Fu et 
al., 2015 [50]; Fouda and Malabu, 2008 [49]; Ferrer-García 
et al., 2013 [48]; Hellman et al., 2000 [57]; Grygiel et al., 
2012 [55]; Crippa et al., 2012 [39]; Bonato et al., 2012 [32]; 
Bernard et al., 2013 [28]; Bartsch et al., 2000 [26]; 
Boukhman et al., 1998 [33]; Creutzfeldt et al., 1991 [38]; 
Eriksson et al., 1990 [47]

23 Gillams et al., 2005 [52]; van den Akker et al., 
2012 [88]; Toaiari et al., 2013 [85]; Placzkowski 
et al., 2009 [77]; Mitrakou et al., 1993 [70]; 
Gopal et al., 2010 [53]; Matthews et al., 2002 
[68]; Komatsu et al., 2016 [64]; Jyotsna et al., 
2006 [62]; Hoem et al., 2008 [59]; Mazzaglia et 
al., 2007 [69]; Ayav et al., 2005 [25]; Fu et al., 
2015 [50]; Fouda and Malabu, 2008 [49]; Ferrer-
García et al., 2013 [48]; Hellman et al., 2000 
[57]; Grygiel et al., 2012 [55]; Crippa et al., 2012 
[39]; Bonato et al., 2012 [32]; Bernard et al., 
2013 [28]; Bartsch et al., 2000 [26]; Boukhman 
et al., 1998 [33]; Creutzfeldt et al., 1991 [38]

Confusion 13 Besim et al., 2002 [29]; Bonato et al., 2012 [32]; Ferrer-
García et al., 2013 [48]; Tavčar et al., 2014 [84]; Boukhman 
et al., 1998 [33]; Ding et al., 2010 [41]; Komatsu et al., 2016 
[64]; Larijani and Aghakhani, 2005 [65]; Nikfarjam et al., 
2008 [72]; Chung et al., 2006 [36]; Dizon et al., 1999 [42]; 
Doherty et al., 1991 [43]; Eriksson et al., 1990 [47]

8 Tavčar et al., 2014 [84]; Boukhman et al., 1998 
[33]; Ding et al., 2010 [41]; Komatsu et al., 
2016 [64]; Larijani and Aghakhani, 2005 [65]; 
Nikfarjam et al., 2008 [72]; Chung et al., 2006 
[36]; Dizon et al., 1999 [42]

Sweating 12 Grygiel et al., 2012 [55]; Besim et al., 2002 [29]; Boukhman 
et al., 1998 [33]; Bonato et al., 2012 [32]; Jyotsna et al., 2006 
[62]; Nikfarjam et al., 2008 [72]; Tavčar et al., 2014 [84]; 
Karakoc et al., 2008 [63]; Dizon et al., 1999 [42]; Chung et 
al., 2006 [36]; Larijani and Aghakhani, 2005 [65]; Eriksson 
et al., 1990 [47]

5 Tavčar et al., 2014 [84]; Karakoc et al., 2008 
[63]; Dizon et al., 1999 [42]; Chung et al., 2006 
[36]; Larijani and Aghakhani, 2005 [65]

Weight gain 12 Grygiel et al., 2012 [55]; Fouda and Malabu, 2008 [49]; 
Karakoc et al., 2008 [63]; Komatsu et al., 2016 [64]; Crippa 
et al., 2012 [39]; Nikfarjam et al., 2008 [72]; Dizon et al., 
1999 [42]; Bonato et al., 2012 [32]; Boukhman et al., 1998 
[33]; Crona et al., 2016 [40]; Jyotsna et al., 2006 [62]; 
Doherty et al., 1991 [43]

5 Bonato et al., 2012 [32]; Boukhman et al., 1998 
[33]; Crona et al., 2016 [40]; Jyotsna et al., 2006 
[62]; Doherty et al., 1991 [43]

Syncope – 
temporary 
loss of 
consciousness

10 Nikfarjam et al., 2008 [72]; Bonato et al., 2012 [32]; Grygiel 
et al., 2012 [55]; Chung et al., 2006 [36]; Crona et al., 2016 
[40]; Dizon et al., 1999 [42]; Jyotsna et al., 2006 [62]; 
Karakoc et al., 2008 [63]; Tavčar et al., 2014 [84]; Besim et 
al., 2002 [29]

8 Grygiel et al., 2012 [55]; Chung et al., 2006 
[36]; Crona et al., 2016 [40]; Dizon et al., 1999 
[42]; Jyotsna et al., 2006 [62]; Karakoc et al., 
2008 [63]; Tavčar et al., 2014 [84]; Besim et al., 
2002 [29]

VIPoma
Diarrhoea 7 Song et al., 2009 [82]; Smith et al., 1998 [81]; Peng et al., 

2004 [75]; Nikou et al., 2005 [73]; Matthews et al., 2002 
[68]; Ghaferi et al., 2008 [51]; Bartsch et al., 2000 [26]

7 Song et al., 2009 [82]; Smith et al., 1998 [81]; 
Peng et al., 2004 [75]; Nikou et al., 2005 [73]; 
Matthews et al., 2002 [68]; Ghaferi et al., 2008 
[51]; Bartsch et al., 2000 [26]

Weight loss 5 Nikou et al., 2005 [73]; Ghaferi et al., 2008 [51]; Smith et 
al., 1998 [81]; Peng et al., 2004 [75]; Matthews et al., 2002 
[68]

3 Peng et al., 2004 [75]; Matthews et al., 2002 
[68]; Smith et al., 1998 [81]

Dehydration 3 Smith et al., 1998 [81]; Nikou et al., 2005 [73]; Peng et al., 
2004 [75]

2 Nikou et al., 2005 [73]; Peng et al., 2004 [75]

Flushing 3 Ghaferi et al., 2008 [51]; Smith et al., 1998 [81]; Peng et al., 
2004 [75]

0

Abdominal 
pain

1 Smith et al., 1998 [81] 0
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  Discussion 

 This is the first systematic review of the literature relat-
ing to symptoms and QoL issues in all types of pNETs for 
20 years  [97] . There are reviews investigating specific 
types of pNETs, such as insulinoma  [98] , glucagonoma 
 [99] , VIPoma  [51, 81] , and carcinoid pNETs  [100] , but 
not systematically reviewing the symptoms for all types. 
Much of the literature reviewed in this paper is a combi-
nation of clinical observation and repetition of anecdotal 
historical observation. There are few papers systemati-
cally asking patients to record and score their symptoms, 
or asking healthcare workers to score patient symptoms.

  It is clear that many pNETs are now being picked up 
incidentally on routine scans, in patients without any 
symptoms. Those that can be removed surgically and 
cured will not have tumour-related symptoms, but many 
will have widespread disease and will develop symptoms 
later. The aim of this review has been to formally docu-
ment what is known from the literature, with a view to 
developing more specific PROM/QoL outcome measures 
relating to the specific syndromes. We have used a sys-
tematic process to try to understand the most common 
PROMs in each of the pNET subtypes. 

  pNETs are unique tumours setting them apart from 
most cancers, in that the symptoms of the hormone se-
creted may be the only symptoms present, without any 
generic cancer issues. It is evident from our findings that 
each pNET subtype presents differently, with different 

critical symptoms, thus it is likely that using generalised 
cancer questions in these patients may miss specific issues 
that are important. The main problem with assessing is-
sues is that these tumours are rare and the subtypes of 
functioning tumours even more rare. It is therefore dif-
ficult to get a consensus of symptoms in so few patients. 
With the onset of global reach of patient networks and 
online reporting worldwide, it is now easier to collect 
symptom data and a reasonable attempt can be made to 
get PROM data from the rarer syndromes.

  As described, the mode of patient reporting is not of-
ten reported in the papers, so it is often not clear if patient 
views are being reported verbatim. There may well be a 
bias towards the clinician’s views of what is most impor-
tant  [101] . In addition, the rarity of some of these syn-
dromes prevents large datasets and by necessity involves 
recall of symptoms from a small number of patients. The 
observed symptoms of the functional syndromes are 
slightly different to standard teaching hence this study 
provides evidence as to which symptoms should be mea-
sured in trials of novel therapies.

  The next stage from this data will be to do patient and 
healthcare professional interviews in large cohorts in many 
different languages across multiple countries to get their 
views on symptoms in pNET. The aim is to use the findings 
from this literature review, alongside the patient and 
healthcare workers interview data to create a list of QoL is-
sues relevant and important to these patient groups, and 
from this create a QoL measure specific to pNET patients. 

Table 4 (continued)

Symptom Papers reporting issue, n Papers where issue reported by >50% patients, n

Non-functioning
Abdominal 
pain

10 Bilchik et al., 1997 [31]; Fu et al., 2015 [50];  Butturini et al., 
2006 [34]; Eriguchi et al., 1999 [46]; Gullo et al., 2003 [56]; 
Liang et al., 2004 [67]; Phan et al., 1998 [76]; White et al., 
1994 [92]; Tomassetti et al., 2000 [86]; Hung et al., 2007 
[61]

6 Eriguchi et al., 1999 [46]; Gullo et al., 2003 
[56]; Liang et al., 2004 [67]; Phan et al., 1998 
[76]; White et al., 1994 [92]; Tomassetti et al., 
2000 [86]

Jaundice 7 Nikou et al., 2008 [74]; Liang et al., 2004 [67]; Gullo et al., 
2003 [56]; Butturini et al., 2006 [34]; Phan et al., 1998 [76]; 
White et al., 1994 [92]; Hung et al., 2007 [61]

0

Anorexia 3 Gullo et al., 2003 [56]; Phan et al., 1998 [76]; Butturini et 
al., 2006 [34]

0

Vomiting 3 Butturini et al., 2006 [34]; Liang et al., 2004 [67]; Phan et 
al., 1998 [76]

0

Back pain 3 Eriguchi et al., 1999 [46]; Liang et al., 2004 [67]; Hung et 
al., 2007 [61]

0
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