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Abstract
Contrast-enhanced computed tomography (CT) of the neck-thorax-abdomen and pelvis, including

three-phase examination of the liver, constitutes the basic imaging for primary NET diagnosis, staging,
surveillance and therapy monitoring. CT characterization of lymph nodes is difficult because of
inadequate size criteria (short axis diameter), and bone metastases are often missed. Contrast-

enhanced magnetic resonance imaging (MRI) including diffusion-weighted imaging is preferred for

M

examination of the liver, pancreas, brain and bone. MRl may miss small lung metastases. MRl is less
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well suited than CT for examination of extended body areas, because of the longer examination
procedure. Ultrasonography (US) frequently provides the initial diagnosis of liver metastases and
contrast-enhanced US is excellent to characterize liver lesions that remain equivocal on CT/MRI. US
is the method of choice to guide the biopsy needle for the histopathological NET diagnosis. 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 additionally allows for biopsy. Intraoperative
US facilitates lesion detection in the pancreas and liver. Somatostatin receptor imaging should be a
part of the tumor staging, preoperative imaging and re-staging, for which ®*Ga-DOTA-somatostatin
analog-PET/CT is recommended, which is vastly superior to somatostatin receptor scintigraphy, and
facilitates diagnosis of most types of NET lesions, for example lymph node metastases, bone
metastases, liver metastases, peritoneal lesions and primary small-intestinal NETs."®FDG-PET/CT is
better suited for G3 and high G2 NETs, which generally have higher glucose metabolism and less

somatostatin receptor expression than low grade NETSs.

Introduction
The vast majority of neuroendocrine tumors (NETs) are well differentiated and slow-growing with only

a minority showing a clinically aggressive behavior. NETs can produce a variety of metabolically active
substances (hormones and amines) leading to distinct clinical syndromes (functioning tumors).
However, the majority are non-functioning and present either with locally advanced disease, giving
rise to site-specific symptoms, or distant metastases, mainly to the liver.

These various distinct features in tumor growth, secretory capacity and anatomical localisation are
reflected in the wide variation in clinical presentation of different NETs. Consequently, the need for
diagnostic procedures and the choice of imaging methods varies considerably depending on the
patient’s tumor status at presentation. The various imaging aspects to consider in the choice of
radiological 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, therapy

monitoring and detection of recurrent disease.

M

Materials and Methods
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This is an update of the first ENETS Consensus Guidelines for the Standards of Care in

" In-Pentetreotide

NeuroendocrineTumors: Radiological Examinations [1] and Receptor Imaging with
[2] and a fusion of the two papers into one publication comprising radiological and nuclear medicine
imaging. This reflects the rapidly increasing and complementary role of hybrid imaging techniques whereby
computed tomography (CT) is performed together with nuclear medicine procedures. Current positron
emission tomography (PET) and Single Photon Computed Emission Tomography (SPECT) systems
generally include a CT scanner, which allow a fully diagnostic CT to be acquried and fused as PET/CT or
SPECT/CT images.

The participants of the ENETS scientific advisory board working group, which also included members
of the European Association of Nuclear Medicine (EANM) and the European Society of Radiology
(ECR), considered the use of radiological and nuclear medicine imaging methods for the various NET
imaging applications in relation to published literature on imaging efficacy together 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 optimise 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. While imaging sensitivity, which is calculated with reference 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 imaging 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 current standards of imaging. Thus, non-
spiral (helical) CT studies, trials on CT without adequate contrast enhancement, and MRI studies that
utilized low field strength (<0.5 T) were excluded as well as studies using stand-alone SPECT and

stand-alone PET (non-hybrid imaging).

M

Results
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Spiral (helical) CT has been the standard technique for many years and modern multidetector CT
(MDCT) scanners are now available in the radiology departments. By utilising a large number of
parallel detector rows and an 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 reconstructed images (MPR) with
isotropic resolution. The thin images also allow reconstruction in three-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 several 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 (DECT), whereby either two X-ray tubes are used simultaneously at different tube potential
(typically 80kV and 140kV) or one X-ray tube switches between two different tube tensions during
scanning. The X-ray attenuation of a tissue depends on the tube tension during scanning. The
attenuation difference at the high and low tube tension, respectively, is larger for a high attenuating
tissue than for a low attenuation tissue. A low X-ray tube tension may be applied to better utilize iodine
(with high attenuation) based contrast media, either to yield better contrast-enhancement at the same
contrast medium dose and/or achieve the same contrast-enhancement at a lower dose. Simultaneous
high and low X-ray tube tension at scanning during intravenous contrast-enhancement also allows for
post processing whereby the contrast medium may be subtracted to achieve “virtual pre-contrast

images”. DECT 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 NETSs is presented in Table 1. The number of dedicated spiral CT and
MDCT studies is limited; therefore CT imaging results from comparative somatostatin receptor imaging
trials (scintigraphy and PET) are included in the present data. The sensitivity and specificity for CT to

detect patients with NET ranges 61-93% and 71-100%, respectively; and the lesion based sensitivity

M

and specificity, ranges 77-85% and 71-85%, respectively [3-6]. For CT diagnosis of a pancreatic NET
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[10] and 96% in another including patients with von Hippel-Lindau disease [11]. CT sensitivity for NET
liver metastases ranges 75-100% [3,12-15] and specificity 83-100% [10,12,14,15].

Notably, one study used a different methodology and compared thin slice histopathology after
hemihepatectomy correlated with the imaging results; the group reported a CT detection rate of 21%
for the 1-70 mm liver metastases [16]. Interestingly, the results for MRI and contrast-enhanced 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 micro-metastases below the
level of detection by the current imaging techniques. Thus, any report of diagnostic accuracy is highly

dependent on the compartor used.

For lymph node metastases CT shows 60-70% sensitivity 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 sensitivity for bone metastases is varying 46-80% but the specificity is high 98-100%

[3,18-19].

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

respectively [21].

Hard- and Software Requirements

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

The software needed for image reconstruction and for multiplanar reconstructed images (MPRs) and

M

3D maximum intensity projections (MIPs) are generally supplied with the CT scanner. Specialised
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images may need additional software programs. Most image workstation software, including those in
most current picture archiving and communication systems (PACS) currently allow for reformatting the
original £1 mm images in any slice thickness, usually 2-3 mm, in the transverse, coronal and sagital

planes.

Patient Information
For optimal patient cooperation and examination results, the patient should be well informed and
properly prepared. Patients should receive information accordingly to local protocols and practices and

these should also refect 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 hours 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) contrast medium (CM)
administration the patients initially may experience a feeling of warmth and occasionally the sensation
of urinary urgency. A previous history of renal impairment or i.v. CM-related adverse reactions should
be checked, whether the reaction was systemic or localized and regarding the CM responsible.

Fluids but no solid food is 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 non-ionic and
low-osmolar CM, another imaging technique should be considered (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 non-ionic and low-osmolar CM may not cause similar side effects. However, the patient

should be pretreated with oral cortison and antihistamine given 12 and 2 hours before contrast

M

medium injection [22] and medical reusucitation personel must be available should anaphylaxis occur.
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i.v. drug administration is preferred. 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.
Further 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 interpreted with caution; in such
cases creatinine clearance can be used instead (normally >40ml/min). A serum creatinine =130 umol/|
puts patients at risk of renal impairment. In such cases hydration with at least 1 litre of fluid before and
after CM injection is advised. When serum creatinine is 2180 umol/l or creatinine clearance
<30ml/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 creatinine, 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 CT examination. Twenty ml of CM (300—400 mgl/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 an iodine-based
CM. This is best achieved by 150-200 ml of oral water a few minutes before the CT examination.
Administration of an anti-peristaltic agent (e.g. butylscopolamine 20 mg i.v.) to reduce bowel motility is

optional.

For abdominal CT of the small bowel, CT enteroclysis, distension of the bowel requires a larger fluid
volume, approximately 2000 ml. The patient can either drink this during the hour preceeding the
examination (hyperosmolar fluid such as mannitol, with a 50% concentration is optimal) or,
alternatively the fluid (warm tap water) can be administered through a naso-gastro-jejunal tube. By

using a dedicated (150 ml/min rate) power injector, optimal filling of the whole small bowel may be

M

achieved during enteroclysis. CT enteroclysis is performed during i.v. contrast-enhancement, aiming
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CT of the colon is performed similarly as examination for suspected colonic carcinoma, using a CT
colonography technique, with cleaning the bowel and insufflating air or CO2 and requires i.v. contrast-

enhancement.

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 diabetes (including 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 requirements are taken into consideration and that bolus-tracking technique is available,
various examination protocols usually result in equally good examinations. Consequently, 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 neck <1-mm slice thickness and a pitch of 1.25-1.5is
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 preferably be
reformatted in 2-3 mm MPRs in the transverse, coronal and sagittal planes using a 30-50% overlap.
In patients with adequate renal function, i.v. CM is administered. For i.v. contrast-enhancement of the
abdomen, 1.5-2 ml/kg body weight (maximum 180 ml) 300-350 mg/ml non-ionic low- or iso-osmolar
contrast material should be used at 25 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 40-80 ml injection of physiological saline can be administered
immediately after the CM injection. This assures that the whole CM volume is utilized for contrast-

enhancement purposes and it decreases the otherwise undesirably high CM concentration in the

M

brachiocephalic vein and the superior vena cava, which can obscure nodal disease in the
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CT angiography and examination of the liver and pancreas is preferably performed using bolus-
tracking technique (see below). When this is not available, the approximate examination start for CT
angiography is 15-25 s, the late arterial phase (also called the portal-venous inflow phase) 25-30 s
and the venous phase (also called portal, or portal-venous phase) 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 diagnosis, 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 generally not as advantageous for pancreatic neuroendocrine tumor (pNET)

imaging.

For proper examination of the liver, a sufficient amount of iodine, optimally 0.75mg per kg body weight,
needs to be injected in order to achieve adequate enhancement of the normal liver in the venous
contrast-enhancement phase to optimise delineation of the poorly vascularised 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-vascularised liver
metastases in the late arterial phase and to achieve adequate enhancement of the pancreas and renal
parenchyma. Importantly, a high CM injection rate allows a better separation over time between the

various contrast-enhancement phases.

When the thorax and/or the neck is examined together with the abdomen, the amount of CM and the
injection rates are adjusted compared to what is required to perform 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 decreased. MDCT of the neck also requires a somewhat lower CM
injection rate: approximately 1.5-2 ml/kg body weight of CM 300-350 mg/ml is recommended to be
injected at 2.5 ml/s and using a 40-s scanning delay. For CT examination of the thorax, even less CM
and a lower injection 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.

M
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For CT of the liver, a so-called triple-phase examination 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 contrast-enhancement phase and only when the initial imaging work-up
has shown better delineation of the liver metastases in the non-enhanced examination and/or in the
late arterial phase one or both of these phases are added. This routine is, however, insufficient since
there is a risk that new well-vascularized metastases may escape detection. Also, fatty infiltration of
the liver, which may be induced by medical therapy, can significantly change the imaging
prerequisites. Liver metastases initially diagnosed during the venous phase may no longer be visible
at follow-up, but show up in the non-enhanced examination and/or the late arterial contrast-
enhancement phase. A triple-phase CT examination also reduces the risk of misinterpreting areas of
normal parenchyma as metastases in a fatty infiltrated liver. In order to decrease the radiation dose to
the patient, the possibility of using dual energy CT to produce virtual pre-contrast 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 supplied together with the CT scanner.
This allows for monitoring of the aortic enhancement during contrast medium administration 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 abdominal 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—15-s scan delay. In combined CT examinations of
the abdomen and thorax, including triple-phase CT of the liver, the order that scanning of these body
regions is performed depends on how the bolus-tracking technique is applied. Initially non-enhanced
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 coordinated 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

M

phase.
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As discussed above, for CT enteroclysis, a naso-jejunal tube can be placed under fluoroscopy
guidance downstream to the Treitz ligament. Unless already confirmed by fluoroscopy, pre-contrast
CT examination is performed to check the correct position of the tube. Approximately, 2000 ml of
warmed 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
scanner. 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 decreased in small size patients. This results in a higher radiation dose to
large- compared to small-size patients. Automated radiation dose modulation software is currently
routinely supplied with the CT scanner, whereby the tube current is adjusted automatically along the
scan length depending on the body size (low in neck and higher in abdomen) and tissue composition
(low in thorax and higher in the abdomen). Recently automated 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 inaccurate diagnosis poses a signifant risk to patients and efforts to reduce

radiation exposure should never lead to suboptimal imaging protocols.

An examination in a MDCT scanner <1 mm slice thickness (‘one run’) of a patient of 70 kg results in an
approximate radiation dose of 6 mSv for the whole abdomen and 4 mSv for the upper abdomen (liver)
from the diaphragm to the iliac crest. An optimal MDCT examination of the abdomen comprising three-
phase CT of the liver and examination of the pelvis in this 70-kg patient thus results in a 14 mSv
radiation dose. Corresponding figures for MDCT of the thorax is 3.5 mSv and of the neck is 4.5 mSv.
The radiation dose the patient decreases with the use of modern automated radiation dose modulation

software (mA and kV).

M
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Gastric, duodenal, rectal and colonic NETs are often diagnosed by endoscopy and 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 multicentric, <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 irregular and more diffusely delineated margin that may ulcerate. These tumors can also extend

into the peri-gastric fat.

Duodenal NETSs are usually small contrast-enhancing tumors and in the case of gastrinomas, as part
of MEN | syndrome, may be multiple. For CT diagnosis of the primary tumor it is important to distend
the duodenum with water and to perform the examination during i.v. contrast-enhancement since this
will facilitate detection of the usually markedly contrast-enhancing tumor which is depicted against the

low attenuating water in the bowel lumen (Figure 1).

Functional pNETSs, such as insulinoma, and incidental non-functioning pNETSs are typically small and
sharply delineated. They can be multiple in patients with the MEN-1 syndrome. These tumors tend to
be best visualised as evenly contrast-enhancing tumors in the portal-venous inflow phase (at
approximately 30s) rather than in the pancreatic

contrast-enhancement phase (at approximately 40s after CM injection start) (Figure 2). In the venous
contrast-enhancement phase, pNETs usually exhibit higher attenuation than the surrounding normal

pancreas.

Other functional pNETSs (solitary gastrinoma, VIPoma, glucagonoma) and non-functioning pNETs are

usually larger (Figure 3) and may have calcifications that are best depicted in the non-contrast-

M

enhanced examination. Larger pNETs may be well or not so well vascularised and often comprise
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areas of necrosis and the contrast-enhancement usually shows an irregular pattern. CT also
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delineates the position of the tumor in relation to the pancreatic and common bile duct, evaluates
possible vascular encasement (Figure 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-growing
pNET occluding the pancreatic duct, this is dilated proximal to the occlusion and the surrounding
pancreatic 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 small intestinal NETs (SI-NETs) may be diagnosed by endoscopy including 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. Consequently,
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 sulphate solution) the usually high attenuating SI-
NET is more likely to escape detection than when the lesion is surrounded by a low attenuating CM

such as water, similarly to what was previously discussed regarding diagnosis of duodenal tumors.

Frequently, SI-NETs present due to associated mesenteric metastases. These can induce an intense
desmoplastic reaction causing contraction and tethering of the adjacent bowel loop resulting in partial
or complete intestinal obstruction. Vascular encasement of the superior mesenteric artery and vein
may compromise bowel circulation. At CT, this is reflected as an irregular soft tissue mass, typically
with one or more areas of calcifications (Figure 5), surrounded by radiating streaks in the mesenteric
fat (Figure 5) resembling spokes in a wheel. The superior mesenteric artery and/or vein or
branches/tributaries of these vessels may be encased by the tumor. In this situation, surgical resection
of the primary tumour and associated mesenteric lymph nodes can lead to vascular compromise of the
small bowel, leading to short-bowel syndrome if recognized intra-operatively, or ischemic
complications in the post-operative period if not. A preoperative imaging report should therefore
include a description of the number of arterial branches from the superior mesenteric artery and
tributaries to the superior mesenteric vein, respectively, above the mesenteric metastasis. A

classification of mesenteric lymph nodes into five stages according to their proximity to the trunk

M

and/or branches of the superior mesenteric artery has also been proposed to facilitate the surgical
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For NETSs of the colon and the rectum, the role of CT is not to detect the primary tumor or to
appreciate its invasion of the rectal wall and the surrounding mesorectum, which is usually performed
better by MRI or EUS. Colonic NETs are generally diagnosed by colonoscopy and fluoroscopy, and
CT is therefore utilised to stage rectal and colonic NETs by detecting regional and distant metastases

and, in case of locally advanced tumors, to visualise 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 vascularised and best depicted during i.v. contrast-
enhancement in the late arterial phase where they show up as high attenuating (bright) lesions in the
non-enhanced (dark) normal liver (Figure 6). However, poorly vascularized NET liver metastases are
also frequent. These are best depicted in the venous contrast-enhancement phase as low attenuating
(dark) areas relative to the normal contrast-enhanced high attenuating (bright) liver parenchyma
(Figure 7). Larger metastases are fairly often visible in the pre-contrast 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 pre-contrast examination NET liver metastases are

generally low attenuating relative to the normal liver.

Viewing of the CT examination should always be performed using window settings optimised for
image reading of soft tissues, lung and bone, sequentially. For liver and 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-enhanced images to optimize lesion detection.

The CT appearance of NET lymph node metastases is similar to those from other malignant tumors,
although a marked contrast enhancement may be seen. However, some particular anatomical sites
should be kept in mind during image reading. In addition to the mesentery and the retroperitoneum,
lymph node metastases from SI-NETs can often be found ventrally in the lower thorax adjacent to the
thoracic wall and to the heart (Figure 8), in the mediastinum and supraclavicular. Also, retrocrural

lymph node metastases are not infrequent (Figure 9). When evaluating the CT examination for lymph

M

node metastases, in anatomical regions where these may be surrounded by fat, it is often helpful to
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adjust the window setting by increasing the window width to facilitate lesion detection. Also, the use of
MPRs is advantageous for depiction of small lymph node metastases. Peritoneal carcinomatosis is
fairly frequent and, most often found in the ventral aspect of the abdomen as irregular web like bands
and/or as nodular lesions (Figure 9). Ovarian metastases are occasionally found (Figure 10).

NET bone metastases are often sclerotic (blastic), (Figure 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 rather 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 Tumours) and in recent years
also RECIST 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 comparing the results of
different trials. Measurable lesions should exceed 1 cm largest diameter. Necrotic or confluent lesions
should not be measured. Bone metastases, pleural fluid, ascites, peritoneal carcinomatosis and
leptomeningeal disease also represent non-measurable lesions. 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, e.g. necrosis, should be reported.
One of the important updates in RECIST 1.1 is that the short-axis of lymph nodes 21.5 cm is
measured. The contrast-enhancement phase in which the lesions are best depicted should be
reported. In order to accurately communicate the diagnostic information, liaison between radiologists
and clinicians is essential.

In clinical trials, in the case of liver metastases, the liver tumor burden is sometimes also separately
reported as the proportion of total liver volume, for example < 10%, 10-25%, 25-50%, > 50%. This
adds important prognostic information and can influence decisions regarding debulking surgery and

locoablative therapies. There are several manual and computer software based methods to facilitate
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the quantification of liver tumor load at CT. These methods generally rely on sufficient difference in
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attenuation /contrast-enhancement between the metastases and the normal liver, respectively, and

some patients are therefore difficult to assess. These methods are still investigational.

Magnetic Resonance Imaging

For imaging of the abdomen, bone and brain, MRI is generally better than CT and is therefore
preferred if available, although it may also be complimentary to CT. The image contrast in MRl is
generally better with MRI than CT and the use of a number of MRI sequences facilitates tissue
characterization and hence diagnosis. The use of hepatocyte-specific CM makes MRI advantageous
compared to CT for liver imaging. Because MRI does not expose the patient to radiation, the uptake
and excretion of iv 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 previously mainly
used as a problem-solving tool when CT failed. This has changed over the last few years and MRl is

more frequently applied as first line imaging.

Hard- and Software Requirements

The currently available scanners have high field-strengths, generally between 1.5 T 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 image 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, technologist
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 artifacts. The use of fat-suppressed
sequences is recommended to increase the tissue contrast. For MRI of the pancreas, MR
cholangiopancreatography (MRCP, at least 2D coronal radiated thick slices sequences) is
advantageous to visualize the pancreatic duct.

Diffusion-weighted imaging (DWI) is an MRI technique 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, including NETs. No contrast administration is needed to obtain DW-MRI.

M
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Dynamic contrast enhanced MRI (DCE-MRI) and perfusion imaging are non-invasive 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 DCE techniques enable the calculation of combined physiological processes
e.g. blood flow, blood volume, and vessel permeability. These quantitative techniques are still

investigational for 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 protocols 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-specific versus extracellular CM [11,30-37].

MRI including diffusion-weighted imaging (DWI), which will be described below, yield additional tumor
findings [38-39] but comparisons between DWI-MRI studies are hampered by the use of different sets
of b-values.

Mean and range diagnostic accuracy results based on the number of patients and studies for NETs

are presented 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
performing MRI, with some being relative and others absolute contraindications. Patients should be
asked about any previous metal implant procedures so that the material can be checked against a list
of implants, available at MRI departments, that precludes an MRI examination. These
contraindications are even more important with 3T 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-minute examination. If the patient is claustrophobic, administration of an anxiolytic

M

agent may be necessary. During the examination, the patient should be provided with ear protection
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to be administered i.v. access is obtained and before some examinations, e.g. of the small bowel, the
patient needs to be at the department an hour in advance of imaging to achieve filling of the bowel.
Before MRI of the pancreas, the patient must be fasting for 6 hours. Shortly before starting the
examination, distension of the stomach and duodenum with paramagnetic agent such as
frozen/thawed blueberries or pineapple juice, is advantageous to decrease image artefacts related
with water that may impair the image quality, especially of MRCP.

The patient’s history should be checked for diabetes and renal impairment and pregnancy. The risk for
nephrogenic 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 Gd-contrast-enhancement is considered, and injection should not be performed if GFR< 30
ml/min. Intravenous Gd-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. l.v.
administration of an anti-peristaltic drug, e.g. butylscopolamine 20 mg or glucagon 1 mg (if
butylscopolamine is not available) is recomended to optimise MRI of the abdomen. Short breath-hold
or repiratory-triggered sequences are recommended when ‘moving targets’ such as liver, pancreas
and bowel are examined.

The field of view and sequences chosen thus depend on the imaging needs. Some recommendations

are provided as follows:

1. Anatomical/morphological sequences:
Transverse T2 (either respiratory-gated or breath-hold for upper 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, SPIR). Transverse T1, without and with fat saturation and out-of-phase (the
Dixon technique is advised, which will provide in-phase, out-of-phase, water-only and fat-

only images).

M
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Diffusion-weighted MRI (DW-MRI) is based on the diffusion of water molecules that may
be restricted by cell membranes. In hyper-cellular tissues, such as tumors, this is
consequently reflected at MRI by a signal decrease in the apparent diffusion coefficient
(ADC) images. DW-MRI is now routinely used for all abdominal studies. The acquisitions
are performed using different so called b-values in the range 0-1000 s/mm? out of which
usually three are chosen, typically one low (b0 or 50), one intermediate (e.g. b400) and
one high (e.g. b600, 800 or 1000). Although DWI primarily provides information about
tumor cell density, the low-b-value images also depict the anatomy quite well and offer
better image quality, fewer artefacts and better sensitivity for lesion detection than fat-
suppressed T2-weighted imaging [34].

A high b-value DWI provides better image contrast, minimizing the perfusion effect and
yielding greater tissue diffusivity and a lower T, shine-through effect. For DWI-MRI of the
pancreas b800 or b1000 are usually applied and b600 is the minimum for liver imaging.
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 diffusion-weighted 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 established. 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 accompanying ADC map is sufficient for analysis of the presence or absence of

restricted diffusion in a lesion.

3. Dynamic contrast enhancement:

Transverse dynamic Gd contrast-enhanced MRI is suitable for almost all body parts
(except some bone examinations) with acquisition at 30, 70 and 120 seconds and at 3-5

minutes after injection start. 3D acquisitions are recommended and allow for reconstruction
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in various anatomical planes; typically transverse, coronal and sagittal images. The
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that of iodine CM used for CT, remains the standard for i.v. contrast-enhanced MRI.
Hepatocyte-specific i.v. CM for characterization of liver lesions is optional but increasingly
used. Gd-DTPA or Gd-EOB-DTPA immediately after injection act as extracellular contrast
agents but are not eliminated with glomerular filtration. Instead they accumulate 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 non-hepatocellular origin (metastases), 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 -weighted thick-
slice (25 mm) sequences with two ranges including the pancreatobiliary junction (6 slices)
and the pancreatic body (3 slices), respectively, is 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 coronal images are acquired including T2, T1 without and with fat
saturation and T1 with fat saturation post Gd-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 WB-MRI constitutes a compromise between examination time
and image detail. Whole-body MRI (WB-MRI) examination protocols encompassing the
neck-thorax-abdomen (and brain when needed), with acquisition of DWI and i.v. contrast-

enhanced images of the liver and pancreas, which are recommended, can now be

M

performed in a total study time of 1h or less. While image quality of WB-MRI has
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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] and also together with PET in PET/MRI hybrid scanners [44-

45]. The use of WB-MRI including DWI is increasing, also for NET imaging.

Image Findings

At MR, a typical NET appears as a low signal intensity (dark) lesion in T1 - and an intermediate to
high signal intensity (bright) lesion in T2 -weighted images (Figure 12a & b). The MRI appearances of
NETSs are similar to those of CT concerning tumor delineation, contrast-enhancement characteristics
and various morphologic patterns (Figure 12c). Although spatial resolution is frequently poorer with

MRI than CT, the much better soft tissue contrast of MRI facilitates the detection of small NETs.

PNETs

Detection of small pNETSs is favorable with MRI (Figure 12 and 13), particularly with T, water selected
and T, SPIR thin slices. PNETs are not typically associated with main pancreatic duct stenosis and
upstream dilatation at MRCP. Concerning vascular behavior of NET, the most vascularised NETs
have the lowest malignant potential and the best prognosis [46-48] (Figure 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 pNETSs (figures 1 and 2). A correlation between the ADC
and tumor grade has been shown (Table 3) [49-50]. The image patterns of unequivocally malignant

lesions are quite different [51].

Solid-appearing serous cystic neoplasms, intra-pancreatic accessory spleen and pancreatic
metastasis may be considered as differential diagnoses when imaging appearances suggest a pNET.
Similar to pNETSs, the majority of solid-appearing serous cystic neoplasms appear hypervascular on
imaging. However, the latter differ significantly on MR showing high signal intensity and cystic
component on T,-weighted images. All serous cystadenomas show a non-restrictive pattern on the
ADC map, while NETs show diffusion restriction [52].

A second differential diagnosis is an intra-pancreatic accessory spleen in the pancreatic tail. Typically,
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the signal intensity of the intra-pancreatic accessory spleen varies between MRI sequences in parallel
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with that of the spleen. Compared with the spleen, the accessory spleen has been shown to be iso-
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intense more frequently than small pNETs on T,-weighted images, arterial, portal and late phase
images and DWI [53]. The ADC is usually lower in an accessory spleen than in a pNET [54]. A third

differential diagnosis is an intrapancreatic metastasis from an unrelated (e.g. renal) cancer [55].

Liver metastases

Depiction of small liver metastases on MRl is facilitated by using multiple sequences including DW-
MRI and dynamic i.v. contrast-enhancement [16,40,41] (Figures 14 and15). Lesions that are equivocal
or contradictory at CT and US may better be characterized by MRI (Figure 15). NET liver metastases
generally show high signal intensity on T, -weighted images. The contrast-enhancement kinetics on
MRI obtained with extra-cellular Gd-based CM are similar to those with iodine-based CM for CT.
Hypervascular metastases thus regularly (60-70 %) show heterogeneous intense Gd-contrast-
enhancement 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] (Figure 15).

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

The high signal intensity of NET liver metastases on T, -weighted images make their distinction from
cavernous haemangioma difficult. However, these are generally easily identified based on their typical
contrast-enhancement pattern (similar to that on CT). Thus, in the arterial dominant contrast-
enhancement phase a haemangioma typically displays globular peripheral skip enhancement. The
contrast-enhancement will over time gradually extend towards the lesion center and fill the entire
lesion making the haemangioma 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 from the metastasis, or isointense. Furthermore, the haemangioma 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

M

Because normal lymph nodes are of high cellularity it is difficult to apply DW-MRI to detect metastatic
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lymph nodes. There are no specific data concerning the diagnostic performance of MRI in detecting
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NET nodal metastases. 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 are frequently multiple
but small volume sites of disease which are challenging to identify against the adjacent soft tissues,
such as the bowel serosa. MRI may be helpful in problem solving if CT is 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 utilise RECIST, based on one-dimensional lesion
measurements. There is, however, an increasing demand for evaluating other parameters than tumor

size in order to earlier assess the treatment effect of the current generally costly NET therapies, many

of which result in stabilization rather than tumor shrinkage. Dynamic contrast-enhanced 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.
Templates for standardised reports and examination protocols are published as additional data on

line.

Ultrasound

Sensitivity, Specificity and Detection Rates

Ultrasound (US) is known to be an operator-sensitive modality leading to wide variation regarding
sensitivity and specificity of the reported series. The US-, Endoscopic US (EUS), intraoperative 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 Table 3.

M
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For pNET diagnosis, a mean 39% (range 17—-79%) detection rate 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 86% (range 82-93%)
sensitivity and 92% (range 86-95%) specificity 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 92% (range 74-96%) detection rate
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 on 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 metastases exclusively from NETs are scarce.
However, in one study including 131 patients with various NETs, US exhibited 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 haemangiomas

were easier to characterize by CEUS than by pre-contrast US [94].

Hard- and Software Requirements

The possibility of using different transducers with appropriate ultrasound frequencies is important. The
deeper 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
transducer, the frequency in one single transducer may be adjusted according to the different needs
during the examination. By 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.

M
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The patient needs to be informed that the examination generally lasts 15-30 min, unless CEUS, which
lasts longer, 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 perform and tends to be unreliable as abdominal
organs cannot 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, converted into a CT-
guided procedure if necessary. The referring 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 provided regarding previous insertion of cardiac valve
prosthesis since the use of i.v. CM for US in these patients presently is not accurate (bubbles are
broken by such prosthesis), and recent cardiac angina is a contraindication due to the risk of acute
cardiac insufficiency. Please see also pertinent parts in the corresponding paragraph regarding CT

and MRI.

Examination Technique

As opposed to CT, which allows fast and detailed examination 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, although 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 frequencies (about <3 MHz) better

penetrates tissues, but high frequencies (approx. >5 MHz) allow for higher spatial resolution. The

M

advantage and drawback of the high and low frequencies must be considered during the examination
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and used accordingly for 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 examination couch and

perform US while the patient is standing up or during a Valsalva manoeuvre. 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, colour-coded Doppler) are valuable in order to evaluate the tumor

vascularity and are helpful in distinguishing vascular from non-vascular 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 considered for localisation of NET liver metastases
and pNETSs. By CEUS, liver metastases in the 2- to 3-mm range may be readily detected and
previously equivocal tumor findings at unenhanced US, or CT, may be characterised. 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 enhancement.

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

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

Image Findings

Abdominal ultrasound and CT are complementary radiological methods used to diagnose pNET, liver
metastases, 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 pancreatic 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 echogenic wall

thickening or polypoid

M
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tumor, which is well vascularised. A large locally advanced intestinal NET infiltrating 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 pancreatic duct and the common bile
duct should be determined as well as any encasement or invasion of the splenic vein and the superior

mesenteric artery and vein.

Mesenteric metastases from a SI-NET and mesenteric 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 a SI-NET, cannot be detected by US.

NET liver metastases cannot be differentiated from any other type of liver metastases. Small (<1 cm)
metastases generally appear as low echogenic rounded lesions, whereas large (>1 cm) metastases
usually are highly echogenic with a low echogenic halo and may have central low echogenic necrosis.
These lesions often appear hypervascular 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 appear 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 RECIST is measured
regularly in the transaxial CT and MRI images. By US these tumors are instead measured in
undefined anatomical imaging planes, usually the one in which the lesions appears largest. Also, it is
generally difficult to assess the overall tumor load in patients with extensive disease by US. For
example, tumor assessment in a patient in whom the normal liver is almost entirely replaced by

metastases is generally unreliable by US. Therefore, US is not employed for initial diagnosis or

M

therapy monitoring in clinical trials (except to evaluate superficial tumor lesions as an adjunct to
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diagnosis and characterisation 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 & 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
®Ga-labeled somatostatin analogs (i.e. 68Ga-DOTA-TOC/TATE/NOC), generally reveal several
additional metastases compared to conventional radiological methods (CT/MRI) [6,96,97]. Secondly,
demonstration of sufficient somatostatin receptor expression in the tumors makes the patient eligible

for peptide receptor radiotherapy (PRRT).

Somatostatin is a regulatory peptide widely distributed in the human body, particularly in the central
and peripheral nervous system, in the endocrine glands, in the immune system and in the
gastrointestinal tract. In all these tissues, somatostatin action is mediated through membrane-bound
receptors, of which five subclasses have been cloned (sst1—sst5) [96]. 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
commercially available synthetic octapeptide octreotide [99]. Somatostatin receptors are expressed in
several normal human tissues, including 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 particularly in gatroenteropancreatic NETSs,
broncho-pulmonary carcinoids, pituitary adenoma, pheochromocytoma, paraganglioma,
neuroblastoma, medullary thyroid cancer and small cell lung carcinoma [104]. Tumors of the nervous
system including meningioma and medulloblastoma also very often express a high density of
somatostatin receptors. Additionally, tumors not known to classically originate from endocrine or
neural cells, such as lymphoma, breast cancer, renal cell cancer, hepatocellular cancer, prostate

cancer, sarcoma and gastric cancer can express somatostatin receptors. In the majority of these

M

tumors, the sst2 receptor subtype is predominantly expressed both when studied with receptor
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autoradiography or at the gene expression level, although low amounts of other somatostatin receptor
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subtypes may be concomitantly present [105,106]. The expression of somatostatin receptors is not a
tumor-specific characteristic and selected non-tumoral lesions may express somatostatin receptors for
instance, active granulomas in sarcoidosis and inflamed joints in active rheumatoid arthritis [107].

With increasing proliferation (Ki-67) cellular somatostatin receptor expression generally decreases and
consequently, so does tumor uptake on somatostatin receptor imaging [108,109]. The situation is
usually the reverse for metabolic imaging by "®FDG-PET/CT with lesions generally becoming more
"®*FDG avid with increasing proliferation. For visualization of higher grade NETSs, and especially
neuroendocrine cancers (NECs), '®FDG-PET/CT may therefore be preferred if lesion detection is
required. Studies on patients undergoing both somatostatin receptor imaging and ®FDG-PET/CT
show the methods to be complementary and increase the sensitivity [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 NETSs also are "°FDG avid and,
consequently tumor uptake of '®FDG has been shown of value to predict prognosis [111,112].

The mainstay for somatostatin receptor imaging has for long been SRS using "’

In-pentetreotide
(Octreoscan™). However, PET/CT with ®Ga-labeled somatostatin analogs (®*Ga-SSA) has replaced
SRS as the method of choice in an increasing number of centers because of greater diagnostic
accuracy and lower radiation dose. 8Ga-SSA-PET/CT also offers better patient convenience since
imaging may be performed 60 minutes after injection compared to SRS, which is performed 24h after
injection of ""In-pentetreotide. Additionally, image acquisition times are shorter, increasing patient

comfort. Imaging after injection of "

Tc-labeled somatostatin analogs may similarly be performed the
same day [113] but the preparation has limited availability in many European countries.

Apart from visualizing the somatostatin receptors, nuclear medicine procedures allows for in-vivo
imaging of other biological processes, some of which have been proposed for NETs [114]. One of
these clinically available tracers for PET/CT is "®F_.DOPA. This agent has been reported to provide
high image quality and to be superior to Octreoscan and FDG-PET/CT, especially for SI-NETs [115].
However, "®F-DOPA-PET/CT does not provide information on receptor expression and there are some
practical disadvantages compared to 8Ga-SSA-PET/CT, such as high cost and higher radiation dose

to the patient. Also, in head-to-head comparisons with ®8Ga-SSA-PET/CT fewer tumors were detected

by PET/CT with '®F-DOPA than with ®®Ga-SSA although the patient-based results were similar

M

[116,117]. For insulinoma, particularly the benign variant with often low somatostatin receptor
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expression, agents that bind to the glugagon-like peptide receptor-1 (GLP-1) have recently been

shown to be highly sensitive [118].

Sensitivity, Specificity and Detection Rates
According to recent studies the sensitivity of ' '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 ®®Ga-DOTA-SSAs show small variations in comparative
trials [123,124]. Four recent meta-analyses, with overlapping studies, on PET and PET/CT with ®Ga-
DOTA-SSAs have for NET detection shown mean sensitivities and specificities ranging 88-93% and
88-95%, respectively, detailed in Table 5 [125-128]. As discussed above, ®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 ¥FDG-

PET/CT for NET detection ranges 37-72% [109-111,129,130].

Hard- and Software Requirements
A gamma camera usually utilizes two sets of gamma detectors in front of and behind the patient,
respectivel. 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
detectors are rotated stepwise around the patient to produce single photon emission computed
tomography (SPECT) images. Usually SPECT includes either the abdomen or the thorax, but
sometimes both, depending on the imaging needs and hardware features. Recent gamma
cameras also include a CT unit by which a fully diagnostic CT may be performed (SPECT/CT). The
introduction 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 recommended. SRS is

generally performed 24h after "'

In-pentetreotide injection and includes planar imaging (anterior and
posterior views) and SPECT/CT. Early acquisition at 4h post injection may also be performed but has
been abandoned in many departments due to the resulting inconvenience for patients and because it

seldom obviates the need for delayed imaging. Similarly, 48h images were previously acquired in

M

order not to confuse bowel radioactivity with tumor lesions, but with SPECT/CT hybrid imaging,this is
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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). Usually 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/these
overviews the respective fields of views for the CT and PET examinations are indicated. Because of
the 15-20 cm detector ring coverage the bed of the scanner is moved stepwise through the
gantry and the PET acquisition is performed 2-3 minutes per “bed position” to generally

include 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 standard diagnostic CT examination during i.v.
contrast-enhancement, CT is acquired while the patient continues tidal breathing, because deep
inspiration will result in misregistration with PET and may introduce unacceptable 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 non-contrast component of a subsequent contrast-enhanced study focussed on the
pancreas or liver as indicated the clinical setting and findings on PET. When performed as a stand-
alone investigation, acquisition of a fully diagnostic CT is preferred unless contraindicated (kidney
impairment, intolerance to contrast medium) or recently 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 CT section), applying scan parameters to minimize patient radiation exposure.
The diagnostic i.v. contrast-enhanced CT is regularly not used for attenuation correction because high
intravascular (and sometimes intestinal) concentrations of CM may cause artefacts in the
reconstructed 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 acceptable for attenuation correction and refrain from a separate CT-AC [131].

M

The PET/CT images are regularly reconstructed in the transverse, coronal and sagittal planes and
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also as PET/CT fusion images in these planes. Image reading requires a computer software that
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generally is supplied by the gamma camera or PET/CT vendor. Some of these computer 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 PACS workstation software.

Patient Information, Preparation and Precautions
The question of either stopping or continuing somatostatin analog medication before
somatostatin receptor imaging is currently under debate. There are published data showing
increased tumor uptake and decreased normal tissue uptake of ®%Ga-DOTATOC by i.v.
injection of octreotide in connection with PET/CT [132]. The quality of
®GaDOTATOC-PET/CT was also found to be unaffected by somatostatin analog
medication before the examination [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 somatostatin 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 adviced before SRS, especially when the abdomen is the area of
interest, and may be administered the evening before 111In-pentetreotide injection and the evening
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 "*FDG-
PET/CT at least 4h and optimally 6h fasting period is recommended. The feasibility of the
examination procedure in patients on hemodialysis (with imaging after dialysis) should be discussed
with local nephrologists and radiation protection experts.
Precautions needs 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 ''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 medicine investigations
in pregnant or breastfeeding women apply.

Information Provided by the Clinician

M

A relevant history of the type of suspected or known primary tumor, its hormonal activity, the results of
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chemo- therapy, radiation 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 function (serum-

creatinine) and history of previous contrast medium related adverse events is required.

Examination Technique and Image Acquisition
The recommended administered activity of 111In-pentetreotide (OctreoScan™) is 185-222 MBq (56
mCi) in adults and 5 MBqg/kg (0.14 mCi/kg) in children. The amount of pentetreotide injected is 10-20
Mg and is not expected to have a clinically significant pharmacological effect. Before the administration
of ""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 preparation.

Planar scintigraphy images are acquired using a large-field-of-view gamma camera fitted with a
medium-energy collimator. Symmetrical 20% energy windows are centered over both photopeaks of
"In (173 and 247 keV) and the data from both windows are added. Planar localized 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 images of the head and neck, including lateral views, are

suggested unless SPECT/CT is available.

SPECT/CT imaging of the appropriate regions, as indicated based on the clinical history, should be
per formed preferably with a multi-detector gamma camera 24h after injection. Although imaging
systems may vary, an example of potentially useful acquisition parameters for a multi-detector system
are the following: 3° angular sampling, 128 x128 matrix, 360° rotation, 20-30 s/stop. The SPECT/CT
acquisition usually takes approximately 35-45 minutes and about twice this time when both abdomen

and thorax are included.

®Ga-DOTA-TOC/TATE/NOC is administered i.v. (approximately 2MBqg/kg BW) as a bolus and

M

PET/CT examination is performed 60 minutes after injection. The highest NET uptake of ®Ga-
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imaging time point is approximately 60 minutes post injection when allowing for a compromise
between lesion uptake and statistical quality, which decreases fairly rapidly due to the short half-life of
Ga. Logistic issues posed by this short half-life has led some departments to use a 30-minute uptake

interval in order to increase the patient throughput from each tracer synthesis.

Approximately 4 MBg/kg body weight of '®FDG is administered as a bolus and PET/CT is performed
after 60 minutes. This activity may vary in case of obese patients or in anticipation of delayed imaging.
Blood glucose level must be measured prior to administering ¥FDG. Although efforts should be made
to decrease blood glucose to a physiological level, hyperglycaemia should not represent an absolute
contraindication for performing the study [131]. In particular, for clinical studies: If plasma glucose level
is <11 mmol/L (or 200 mg/dL) the "®FDG-PET/CT study can be performed.
If plasma glucose level is 211 mmol/L (or >200 mg/dL) the "®FDG-PET/CT study should be
rescheduled. The following recommendations apply to patients with diabetes mellitus:
* Type Il diabetes mellitus (controlled by oral medication)

-The "®*FDG-PET/CT study should preferably be performed 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 hours subsequent to the procedure if
intravenous contrast is administered.

* Type | diabetes mellitus and insulin-dependent type |l diabetes mellitus: Ideally, an attempt should be

made to achieve normal blood-glucose values prior to "®FDG-PET/CT, in consultation with the patient

and his/her attending medical doctor. There are three options for scheduling the "®FDG-PET/CT study:
(1) 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 normal amount of insulin. Thereafter
the patient should not consume any more food or fluids, apart from the prescribed amount of
water.
(2) It can be scheduled for early morning. The presence of long acting insulin administered the
evening before should not interfere with the '*FDG-PET/CT study and blood-glucose will likely still

be under control. The patient should eat a normal breakfast after the ®FDG-PET/CT study and

°M

inject the normal amount of insulin.
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should be scheduled early in the morning. The insulin pump is kept on the "night setting" until after

the "®FDG-PET/CT study. The patient can have breakfast after the '*FDG-PET/CT study.

As previously stated, a diagnostic i.v. contrast-enhanced CT examination is recommended together
with PET/CT and filling of the bowel is therefore started 1h before examination during which the
patients drinks 800ml of tap water. Patients should void immediately before PET/CT. PET acquisition
(both ®Ga-DOTA-TOC/TATE/NOC and 18FDG) is performed in 3D and generally includes from the
base of the skull to the proximal thighs and 3 minutes acquisition per bed position. The PET/CT
examination time is approximately 20 minutes including diagnostic i.v. contrast-enhanced CT using

similar protocols as for stand alone CT.

Radiation Dose
111In-pentetreo’[ide 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.

Ga-DOTATOC-SSAs are excreted through the kidneys. The radiation dose from *Ga-
DOTATOC/TATE to a 70 kg patient is approximately 2.9 mSv (effective dose for 68Ga-
DOTATOC/TATE =0.021 mSv/MBq), [124,134]. The coefficient for effective dose from "®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 CT section). When a recent diagnostic CT/MRI

already is available, a low radiation dose CT examination is sufficient for attenuation correction and

anatomical correlation of the PET and SPECT findings, with an approximate 2 mSv effective 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 filtration. High activity

M

concentrations are found in the urinary collective system and in the urinary bladder. The bowel is

3/31/2017 4:33:43 P

usually visualized to varying degrees. Hepatobiliary clearance of ""In-petetreotid into the bowel also
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occurs, necessitating the use of laxatives in order to facilitate 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 listed in Table 6.

Accumulation of ®Ga-DOTA-SSAs is similar to that of ''In-pentetreotide but also with high
physiological accumulation 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 pancreas [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.

®FDG is accumulates in the brain with a vey high uptake and is excreted by the kidneys with high
radioactivity concentrations in kidney pelvices, ureters and urinary bladder. Physiological uptake is
seen in the lymphoid tissue of the pharynx, larynx, and variably in the myocardium, stomach,
segments of bowel, activated muscle and brown fat (both typically in the neck). °FDG is also
accumulated in areas of inflammation and infection, 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 anatomic images (CT/MRI).
Knowledge of normal tissue accumulation patterns of " n-pentetreotide, ®*Ga-DOTA-SSAs and

®FDG is important for study interpretation.

In the imaging report it is recommended to start with a procedure description stating the timing of

M

imaging relative to radiopharmaceutical administration, areas imaged and for SRS whether SPECT
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was performed and, if so, its timing and body areas included.
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Study limitations may sometimes be stated. For example some tumors may lack somatostatin
receptors or the appropriate receptor subtypes and, therefore, escape detection, typically benign
insulinomas. Small lesions detected at morphological imaging (CT/MRI) may not appear receptor
positive because of the limited spatial resolution 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-backgrund ratio).
Functional image findings should be reported in correlation to those of the concomitantly performed

CT, and vice versa.

Summary

CT constitutes the basic radiological method for primary NET diagnosis, staging, and surveillance after
surgery and for therapy monitoring. CT is vastly available and provides fast and detailed contrast-
enhanced imaging of extended body areas (neck-thorax-abdomen-pelvis). Because of inadequate
morphological criteria (short 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 brain is
inferior to that of MRI.

Dynamic contrast-enhanced MRI of the liver and pancreas is therefore preferred, for example in the
initial staging and for the preoperative imaging work-up. MRl is also preferred for imaging of
metastases to brain and bone. MRl is less well suited for examination of extended body areas,
because of the comparably longer examination procedure. Recent whole-body MRI protocols include
dynamic contrast-enhanced examination of the liver and diffusion-weighted imaging but. In order not
to exceed one-hour examination time, the image detail of the whole-body MRI is generally not as high
as with dedicated MRI protocols for examination of more limited parts of the body. MRI may miss
small lung metastases.

US frequently provides the initial diagnosis of liver metastases and contrast-enhanced US 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 histopathological NET diagnosis of abdominal lesions. US
cannot visualize lesions in the thorax, brain or bone. CT guided biopsy is therefore used for NET

lesions in the thorax and in bone. EUS is the most sensitive method to diagnose pancreatic NETs and

M

also allows biopsy. Inraoperative US facilitates lesion detection/localization in the pancreas and liver.
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Somatostatin receptor imaging by ®8Ga-DOTA-somatostatin analog-PET/CT provide high sensitivity for
imaging of most types of NET lesions and should always be a part of the tumor staging, preoperative
imaging and re-staging. SRS should be performed when PET/CT is not available but is considerably
less sensitive. Bone metastases that are often missed on CT are much better visualized by ®Ga-
DOTA-somatostatin analog-PET/CT and lymph node metastases, that are not possible to characterize
on CT/MRI, may be diagnosed. Visualization of mall peritoneal lesions and primary small-intestinal
NETSs is facilitated by ®*Ga-DOTA-somatostatin analog-PET/CT. "°FDG is better suited for PET/CT of
G3 and high G2 NETSs, which generally have higher glucose metabolism and less SSTR expression

than the low grade NETSs. Findings of DG 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 relevant clinical questions. These may include suitability for surgery, choice of therapy,
response to treatment or evaluation 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 provided 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 of expression of particularly
cell characteristics. Whichever test is chosen, attention to detail in study acquisition 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,

regulations and experience.
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Figure 1. A. Transverse i.v. contrast-enhanced CT in the arterial phase showing a duodenal NET
contrast-enhancing NET (arrow) surrounded by water in the duodenum. B. This tumor was also

depicted by ®*Ga-DOTATOC-PET/CT shown in the PET/CT-fusion image.
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Figure 2. Transverse i.v. contrast-enhanced CT in the arterial phase showing a hypervascular

pancreatic NET (arrow) in the uncinate process of the pancreas.

Figure 3. Transverse i.v. contrast-enhanced CT in the arterial phase showing a hypervascular

pancreatic NET (glucagonoma) in the pancreatic head.
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Figure 4. Transverse i.v. contrast-enhanced CT in the arterial phase showing a hypovascular
pancreatic NET (arrow) in the pancreatic body. There is tumor encasement of the spleenic and main

hepatic artery (arrows).

Figure 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 reaction

with stranding of the surrounding mesenteric fat.
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Figure 6. Transverse i.v. contrast-enhanced CT in the arterial phase showing hypervascular (bright)

liver metastases.

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

metastases.
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Figure 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).

Figure 9. Transverse i.v. contrast-enhanced CT in the arterial phase showing a retrocrural lymph node
metastasis from a small intestinal NET (long arrow) and peritoneal carcinomatosis, in this patient a
nodular type with several small rounded tumor deposits in the ventral part of the abdomen (short

arrows). There is also a hypervascular (bright) liver metastasis.
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Figure 10. Transverse i.v. contrast-enhanced CT in the venous phase showing bilateral ovarian

metastases (arrows) from a small intestinal NET.

Figure 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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Figure 12. Poorly differentiated pancreatic NET in the head. A. Transverse T2-weighted MRI showing
the pNET slightly hyperintense (arrow). B The pNET is markedly hypointense in the T1-weighted MRI.
C. Transverse T1weighted gadolinium contrast-enhanced MRI in the arterial phase. D. Transverse
diffusion-weighted MRI (DW MRI) b 800 showing the high signal of the pNET (arrows). E. DW MR,
attenuation diffusion cartography (ADC), showing a very low signal, measured at a value of 1, the

lesion was grade 3, poorly differentiated.
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Figure 13. Benign G1 pNET.A. Transverse T1-weighted pre-contrast MRI, showing a hypointense
rounded well-delineated tumor in the tail of the pancreas.. B. Transverse T1-weighted i.v. gadolinium
contrast-enhanced MRI in the arterial phase, showing a slight peripheral contrast-enhancement of the
tumor (arrow). C. DW MRI, b 800 showing the pNET slightly hyperintense (arrow). D. DW MR,
apparent diffusion coefficient (ADC) map, showing an intermediate ADC value of 1,54, in favor of a

benign lesion.
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Figure 14. NET liver metastases. A & B. Transverse T1-weighted gadolinium contrast-enhanced MRI
in the arterial (A) and venous (B) phase, showing 3 liver metastases. C. DW MRI (b 800), showing 3

more hyperintense liver metastases (arrows).
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Figure 15. Typical liver metastasis. A. l.v. contrast-enhanced MDCT in the arterial phase showing a
slight enhancement in the metastasis. B & C. Transverse T1-weighted (B) and T1-weighted
gadolinium contrast-enhanced T1-weighted MRI in the arterial phase (C) showing an hypointense
metastasis with rim enhancement. D & E. Transverse DW MRI (b 600), showing a hyperintense

metastasis (white arrow), with a very low ADC appearing as a dark area (black arrow).
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Figure 16. ®8Ga-DOTATOC-PET/CT A. Transverse i.v. contrast-enhanced CT in the arterial phase
showing a hypervascular pancreatic NET in the ventral aspect of the pancreatic body. B. ®Ga-

DOTATOC-PET/CT fusion image showing a high tracer uptake in the tumor.
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Figure 17. ®*Ga-DOTATOC-PET/CT A. Transverse i.v. contrast-enhanced CT in the arterial phase
showing hypervascular livermetastases from a pancreatic NET. B. ®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 are also apparent as in the

physiological tracer accumulation in the left adrenal (short arrow).
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Figure 18. ®*Ga-DOTATOC-PET/CT Maximum Intensity Projection (MIP) 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 diagnosed at CT.

Figure 19. Somatostatin receptor scintography; transversal SPECT/CT fusion image 24h after injection

of OctreoScan™ showing a high tracer uptake in the pancreatioc NET in the tip of the pancreatic tail.
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Table 1. Data in the literature on the sensitivity, specificity and detection rate for NET diagnosis by
CT.

Table 1. CT diagnosis of NETs

Type of NET Sensitivity Specificity Detection Patients/ Reference
mean (range) mean (range) rate Studies
mean
(range)
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 70% (60-100)  96% (87—100) 451/6  3,12-15,17
soft tissue metastases
Bone metastases 61% (46-80) 99% (98-100) 337/3 3, 18,19
CT enteroclysis for 50% 25% 8/1 20
SI-NETs 85% 97% 2919/1 21

@0ut of 219 patients included in the study there were 19 subjects with SI-NETs.

Table 2. Data in the literature on the sensitivity, specificity and detection rate for NET diagnosis by

MRI.

Table 2. MRI diagnosis of NETs

Type of NET Sensitivity Specificity Detection rate  Patients/ Reference
mean (range) mean (range) mean (range)  Studies

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
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Table 3. Data in the literature on the sensitivity, specificity and detection rate for NET diagnosis by

US, EUS, I0US and CEUS.

Table 3. US, EUS, IOUS and CEUS diagnosis of NET's

Type of NET Sensitivit  Specificity Detection Number of Reference
and US y mean mean (range)  rate mean patients/studie
method (range) (range) s
pNETs
UsS 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
10US 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
UsS 18% 25/1 66
EUS 63% 59/2 66
72
Liver metastases
UsS 88% 95% 131/1 12
CEUS 82% 48/1 92

Table 4. Data in the literature on the detection rate for NET diagnosis by SRS using pentetreotide.

®Detection rate Tumor type Reference
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 Hurthle 39-41
cell carcinoma)
Pheochromocytoma 45

°Detection rate is patient- and lesion-based.
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Table 5. 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

Table 5. *Ga-DOTA-somatostatin analog-PETCT diagnosis of NETs

Type of NET Sensitivity Specificity Detection rate Patients/ Reference
mean (range) mean (range) mean (range) Studies

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

NETs all types 92% (64-100) 2078/21 126
95% (83-100) 1776/8

NETs all types 88% (70-100) 2105/22 127

NETs all types 93% (72-100) 567/16 128
90% (67-100) 325/6

Duodenopancreatic NET's 92% 83% 19/1 126

Gastrinomas 68% 21/1 126

CNET CUP 52% (36-60) 93/3 126

Bone metastases 97-100% 92-100% 95/2 126
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Table 6. Pitfalls and causes of potential misinterpretation of positive results at SRS using
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
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