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Abstract

Neuroendocrine neoplasms are a heterogeneous group of gastrointestinal and lung tumors. 

Their diverse clinical manifestations, variable locations, and heterogeneity present notable 

diagnostic challenges. This article delves into the imaging modalities vital for their detection 

and characterization. Computed tomography is essential for initial assessment and staging. At the 

same time, magnetic resonance imaging (MRI) is particularly adept for liver, pancreatic, osseous, 

and rectal imaging, offering superior soft tissue contrast. The article also highlights the limitations 

of these imaging techniques, such as MRI’s inability to effectively evaluate the cortical bone and 

the questioned cost-effectiveness of computed tomography and MRI for detecting specific gastric 

lesions. By emphasizing the strengths and weaknesses of these imaging techniques, the review 

offers insights into optimizing their utilization for improved diagnosis, staging, and therapeutic 

management of neuroendocrine neoplasms.

Keywords

neuroendocrine neoplasms; carcinoid tumors; CT; MR

Neuroendocrine neoplasms (NENs) represent a complex and diverse group of tumors 

that have garnered increasing attention within the medical community.1 Originating from 

neuroendocrine cells, these tumors can manifest across various anatomical sites, particularly 

in the gastrointestinal tract and lungs. Their clinical manifestations and heterogeneous 

histological appearance render their diagnosis and management challenging. As these 
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neoplasms can vary in size, location, and behavior, the need for accurate and comprehensive 

imaging techniques is paramount.1

In the ever-evolving field of medical imaging, multiple techniques have been developed and 

refined to address the unique challenges posed by NENs. Modalities such as computed 

tomography (CT) and magnetic resonance imaging (MRI) have become cornerstones 

in the diagnostic pathway, each offering distinct advantages.2 For instance, while CT 

provides rapid, high-resolution imaging suitable for initial assessments and staging, MRI 

offers unparalleled soft tissue contrast, making it particularly adept at imaging specific 

NEN locations. Metabolic imaging, such as positron emission tomography/CT (PET/CT), 

improves the sensitivity and specificity of NENs detection.2

The importance of understanding the capabilities and constraints of imaging techniques 

cannot be overstated. Misinterpretation or overreliance on a single modality can lead to 

diagnostic pitfalls, potentially impacting therapeutic decisions and patient outcomes.3 As 

such, this article aims to provide a comprehensive review of the imaging modalities pertinent 

to NENs. By delving into their strengths, weaknesses, and tailored protocols, we aim to 

equip healthcare professionals with the knowledge necessary to optimize their use.4,5

In the subsequent sections, readers will be introduced to the nuances of imaging techniques, 

their applications in specific clinical scenarios, and the potential challenges and pitfalls to be 

wary of. The goal is to foster a deeper understanding of the role of imaging in the context of 

NENs, promoting informed decision making and advancing patient care.

IMAGING

Although histopathological confirmation represents the gold standard for diagnosing NENs, 

imaging is critically important in diagnosing, staging, assessing response to therapy, and 

localization of the organ of origin in the case of tumors of unknown primary.2 Morphologic 

imaging, such as CT, MRI, and endoscopic ultrasound (EUS), are used for tumor detection, 

diagnosis, staging, and restaging. Some CT and MR techniques, for example, perfusion 

and diffusion-weighted imaging (DWI), can also evaluate functional features, including 

cellular density and blood flow. Because of the large variability of the organ of origin, 

stage at presentation, and biological heterogeneity of NENs, a single radiological modality 

is unlikely to be completely effective in detecting and characterizing all these tumors. 

Metabolic imaging such as PET/CT improves the sensitivity and specificity of NEN 

detection to 80%–90%5 and is described in a separate article in this journal. The small size 

and variable locations of NENs hamper the detection of primary tumors by CT and MRI.6 

However, these techniques are typically used for the initial diagnostic workup of NENs and 

restaging. CT and MRI performances are strongly influenced by the acquisition protocols, 

which should be tailored according to the specific clinical questions, for example, suspected 

small bowel NEN (SB-NEN) versus suspected primary gastric NEN (gNEN) or pancreatic 

NEN (pNEN).

Both CT and MRI utilize the concept of multiphase or dynamic contrast imaging. However, 

MRI has a higher sensitivity than CT.7 MRI is typically superior to CT in imaging the 
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liver and pancreas due to the improved soft tissue contrast.8 Another benefit of MRI is that 

ionizing radiation is not utilized. However, MRI is often less accessible and more expensive 

than CT. As a result, it is not commonly used as a standard imaging method for all NENs but 

is instead employed for specific types of NENs, including pNENs and rectal NENs (rNENs). 

It is also used as a problem-solving method when CT is inadequate.

EUS, combining high-resolution morphologic information with the ability to obtain tissue 

samples, is the preferred imaging technique for diagnosing pNENs and for locally assessing 

gNENs, duodenal NENs (dNENs), rNENs, and pNENs.9,10 However, EUS highly relies 

on the operator’s expertise, making it a technically demanding procedure, besides being 

invasive and costly. All the protocols are summarized in Table 1.

Pancreatic Neuroendocrine Neoplasms

Clinically, pNENs can be categorized as functioning or nonfunctioning, depending on 

their association with a specific clinical syndrome caused by hormone overproduction.11 

Nonfunctioning pNENs may be asymptomatic in the early stages, allowing for greater 

tumor growth and larger tumors at diagnosis.12 On the other hand, functioning pNENs 

are usually smaller at diagnosis, in the range of 1–2 cm in diameter.13 Nonfunctioning 

pNENs, comprising 60%–80% of cases, often present as large pancreatic masses with a 

heterogeneous enhancement pattern due to necrosis and hemorrhage.14,15 CT is the preferred 

initial imaging modality for evaluating patients suspected of having.

pNENs with a protocol includes upper abdomen precontrast, arterial, and pancreatic phase 

images as well as chest, abdomen, and pelvis venous phase scans.16 The CT detection rate 

of pNENs ranges from 69% to 94%, and the sensitivity varies from 63% to 96%.14,17–19 

Because of the hypervascular nature of pNENs, the arterial phase is more advantageous 

and shows higher sensitivity (83%–88%) compared to the venous phase (11%–76%), 

particularly for small tumors such as insulinomas.13,20 Insulinomas exhibit homogeneously 

increased density in both the arterial and pancreatic phases, while gastrinomas typically 

have less vascularity and may show more intense delayed enhancement due to fibrosis.14 

The presence of ductal involvement in pNENs is associated with higher-grade tumors21; CT 

demonstrated a sensitivity of 88.8% and specificity of 92.8% in detecting main pancreatic 

duct involvement, whereas MRI exhibited a sensitivity of 100% and specificity of 95.2%.22 

However, CT might be superior to MRI in evaluating the extent of vascular invasion.22

Dual-energy CT (DECT) has the potential to enhance the visibility of pNENs by 

highlighting subtle differences in attenuation between the tumors and the surrounding 

background. DECT enables the preoperative detection of insulinomas with a high sensitivity 

compared with conventional CT (95.7% vs 68.8%).23 DECT with monoenergetic low keV 

(55 keV) images improves the detection of pNENs.24

The MRI protocol for NENs usually consists of T1-weighted (T1W) dual gradient echo 

(GE), T2-weighted (T2W) fast spin echo, dynamic three-dimensional (3D) T1W GE 

acquired before and after injecting a gadolinium chelate that encompasses arterial, venous, 

and delayed (>5 minutes) phases, as well as DWI sequences and magnetic resonance 

cholangiopancreatography (MRCP) images.21 The application of fat suppression on T1W 
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and T2W images is beneficial for enhancing the intrinsic contrast between the pancreatic 

tumor and the surrounding normal pancreatic tissue21; pNENs typically show low signal 

intensity on T1W images and mildly high signal intensity on T2W images. Arterial phase 

images are the most effective for detecting the hypervascularity of pNENs (Fig. 1).25 For 

nonhypervascular tumors, DWI and T1W fat-saturated images provide the highest detection 

yield.26 Precontrast T1W fat-saturated sequences can also be helpful in overcoming the 

imaging pitfall of some tumors that might be isointense with the background parenchyma 

after contrast injection, rendering them undetectable on the postcontrast images. MRI has a 

75%–95% sensitivity in detecting pNENs, with lower performance rates in cases degraded 

by respiratory motion.8,27–30 Tumor size also impacts its sensitivity, being 60%–95% for 

lesions >2.5 cm versus 34% for lesions <1.5 cm.31

EUS is especially well-suited for detecting small pancreatic lesions, such as insulinomas 

and gastrinomas, with detection rates ranging from 79% to 94%.32,33 Although EUS is 

typically used alongside other imaging modalities, in addition to confirming the size and 

morphologic features of pNENs, it can also allow tissue sampling (Fig. 2).34 EUS showed 

a higher sensitivity than CT (91.7% vs 63.3%), particularly for insulinomas (84.2% vs 

31.6%) and successfully detected 20 out of 22 CT-negative tumors in a study.35 Another 

advantage of EUS is its ability to evaluate peripancreatic abnormalities, such as lymph 

nodes and vessels.25 However, EUS may overestimate the size of pNENs ≤2 cm, while MRI 

provides more accurate measurements.36 EUS heavily relies on the expertise and skill of the 

endosonographer and is an invasive procedure.37

Cystic pNENs are a rare subtype, usually nonfunctioning, with a better prognosis than 

solid pNENs.38 The increased utilization of cross-sectional imaging has led to a rise in the 

detection of cystic pNENs.39 Typically, cystic changes are seen in large lesions. However, 

significant cystic transformation can occur in small pNENs as well.15 Cystic pNENs are 

hard to differentiate from other cystic lesions such as mucinous cystic neoplasms, serous 

cystadenomas, side branch intraductal papillary mucinous neoplasm, or necrotic tumors 

on cross-sectional imaging.40,41 An enhancing rim is highly suggestive of cystic pNENs 

(Fig. 3) and was seen in 85% of cystic pNENs and is best appreciated in arterial phase 

imaging.41 MRI outperforms CT in detecting tumor hypervascularity, especially peripheral 

rim enhancement.22 The following features help in the differential diagnosis of cystic 

pancreatic lesions.

Intraductal papillary mucinous neoplasm typically lacks wall enhancement and shows 

pancreatic duct communication (Fig. 4).42 Multiple thin enhancing internal septa, 

microcystic internal structure with lobulations, and central calcification help distinguish 

serous cystadenomas.43 Mucinous cystic neoplasms (Fig. 5) are difficult to differentiate 

from conventional imaging but may have a slightly lobulated contour, contain internal septa, 

and lack DOTA uptake in PET—a feature that is observed even in cystic pNENs (Fig. 6).

Gastroduodenal Neuroendocrine Neoplasms

The initial identification of gNENs is typically done through EUS, which plays a crucial 

role in their evaluation.44 EUS is frequently conducted to assess the depth of invasion 

presence of adjacent lymph node metastases and to help plan the treatment strategy in 
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gNENs >1 cm.45 This technique has a sensitivity of 94% in detecting candidates suitable for 

endoscopic resection.46 Type 1 and 2 gNENs present as small single or multiple markedly 

arterially enhancing, well-defined, polypoid lesions/type 3 gNENs appear as a single, large, 

and variably enhancing mass, indistinguishable from other more common types of gastric 

malignancies.47

Duodenal gastrinomas comprise 50%–60% of all dNENs, mostly occur within the 

gastrinoma triangle (70%–85% of cases), and are characteristically small with 77% of them 

being <1 cm.48 The gastrinoma triangle is bounded superiorly by the confluence of the 

cystic and common bile ducts, inferiorly by the junction of the second and third portions 

of the duodenum, and medially by the junction of the neck and body of the pancreas. The 

majority of duodenal gastrinomas are solitary, but 10%–25% of cases occur in patients 

with MEN-1, often presenting as multiple tumors and some of them can be as small as <5 

mm.49 CT scans with thin slices in both arterial and venous phases, along with multiplanar 

coronal and sagittal reconstructions can effectively detect these lesions.49 Although the 

ability of EUS to detect small duodenal tumors is controversial, it demonstrated higher 

sensitivity in detection of duodenal gastrinomas compared with CT and MRI (79%, 69%, 

and 61%, respectively).50 Most dNENs are found in the first and second portion of the 

duodenum and are small at the time of diagnosis. Therefore, their detection is challenging 

for anatomical imaging techniques as well as for EUS (sensitivity <50%).7,51 They mostly 

appear as well-defined, hypoechoic, rounded masses with a “salt and pepper” appearance 

at EUS.52 Ampullary NENs are rare, but given the potential to cause biliary and pancreatic 

duct obstruction, they can rise to clinical attention very early and be diagnosed even when 

extremely small (Fig. 7).53

EUS is crucial in identifying loco-regional lymph node metastases54 and is commonly used 

for diagnosing gastroduodenal NENs. The role of CT, once the primary site is established, 

is to identify regional and distant metastases, aiding in disease staging.13 CT protocol is 

based on upper abdominal arterial phase imaging and chest, abdomen, and pelvis portal 

venous phase scans. Water or other neutral oral contrast should be administered shortly 

before scanning to ensure optimal distension of the stomach and duodenum.44

Although the cost-effectiveness of CT and MRI is questionable when detecting small type 

1 and 2 gastric lesions, their significance for disease staging is highlighted in advanced 

neoplasms and type 3 gNENs.55 On the other hand, dNENs pose significant diagnostic 

challenges, given their small size at clinical presentation.

Small Bowel Neuroendocrine Neoplasms

The distal ileum is the most common site of SB-NENs, which tend to occur in the distal 

100 cm of the ileum.56 Generally, jejunoileal NENs are thought to have more malignant 

potential, with regional or distant metastases often observed even with small lesions.57 

Primary tumors in the small bowel can lead to complications such as bowel obstruction or 

fibrosis. Diagnosing SB-NENs is difficult using morphologic imaging studies. Mesenteric 

lymph node metastases with accentuated desmoplastic reaction are the most common 

imaging findings in such patients (Fig. 8).58 However, larger lesions may be visualized 

on CT, especially if they result in complications such as obstruction.59 To optimize 
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the visualization of these lesions, a contrast-enhanced CTenterography protocol with 

negative oral contrast and spasmolytic agents is recommended (Fig. 9).60 CTenterography 

demonstrated a sensitivity and specificity of 85% and 97% in detecting primary NENs in the 

small bowel.60,61 MRI is less commonly used but SB-NENs typically appear hypointense 

on T1W, hyperintense on T2W images, with enhancement and diffusion restriction.62 An 

entero-MRI protocol that includes negative oral and intravenous contrast agents in these 

settings may facilitate primary NEN detection (Fig. 10).

Colorectal Neuroendocrine Neoplasms

NENs of the rectum are typically small and localized at the time of diagnosis; on the other 

hand, colonic NENs are aggressive, poorly differentiated, large, and typically metastatic at 

initial presentation.56 CT can be of limited value for assessing rNENs given their small 

size, but EUS can accurately detect and delineate the tumor from the surrounding tissues 

and assess the depth of invasion.63 The reported sensitivity of EUS for evaluation of tumor 

depth ranges from 76% to 93%.64 As a result, EUS has become a crucial examination 

for precise localization and delineation of rNENs, tissue sampling, and local staging.56 

MRI of rNENs is useful for assessing local spread and determining surgical resectability.65 

MRI acquisition protocols for rNENs are analogous to high-resolution rectal cancer MRI 

acquisition protocols. CT and MRI stage colorectal NENs by detecting regional and distant 

metastases and evaluating infiltration into adjacent organs in locally advanced tumors.13,66

Lung

Lung NENs (LuNENs) are categorized as central (70% of tumors) or peripheral, based on 

their origin relative to the bronchial tree.67 Diffuse idiopathic pulmonary neuroendocrine 

cell hyperplasia (DIPNECH) can be recognized as a precursor for LuNENs, particularly 

peripheral LuNENs.68 DIPNECH has nonspecific clinical presentation such as cough 

and asthma-like symptoms; therefore, it might be initially misdiagnosed. CT findings in 

DIPNECH are represented by multiple pulmonary nodules, small airways obstruction with 

bronchial wall thickening, inspiratory mosaic attenuation, and expiratory air trapping (Fig. 

11).68 Mosaic attenuation has been the predominant observation in DIPNECH on CT and 

is highly suggestive of DIPNECH in conjunction with multiple small nodules.69 When 

mosaic attenuation is not visible on CT, it is crucial to perform additional expiration CT 

scans to detect air trapping, which serves as an indirect sign of small airway obstruction in 

DIPNECH.69 Small pulmonary nodules are also frequently observed, and given the close 

association between DIPNECH and LuNENs, any nodule ≥5 mm in the setting of DIPNECH 

should raise suspicion for the presence of LuNENs.70 NENs arising from DIPNECH exhibit 

similar behavior to those without DIPNECH.71

LuNENs are separated into the following four categories: typical carcinoid tumor (TC), 

atypical carcinoid tumor (AC), large-cell neuroendocrine carcinoma (LCNEC), and small-

cell lung carcinoma (SCLC).72

Carcinoids are slow-growing and well-differentiated tumors, whereas LCNEC and SCLC are 

highly aggressive and poorly differentiated tumors (Figs. 12–13).73 Most TCs are centrally 

located, whereas ACs tend to be larger in size and are frequently found peripherally, 
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however they share similar imaging characteristics.74 LCNECs tend to present as large 

peripheral masses, whereas SCLCs are large central or mediastinal masses with involvement 

of the hilum in up to 85% of cases.74 CT is the preferred imaging modality for assessing 

lung lesions and is the recommended diagnostic tool for centrally located LuNENs; thus, 

it should be the first-line imaging in patients with LuNENs.67 Peripheral LuNENs appear 

as round or ovoid solitary nodules with smooth or lobulated borders and high attenuation 

on contrast-enhanced CT.75 Both TC and AC can be associated with hilar or mediastinal 

lymphadenopathy, which is well appreciated on CT.74 Moreover, LuNENs tend to be 

vascular and may show significant enhancement.76 They usually show a nonspecific low 

or intermediate-signal intensity on T1W images and high-signal intensity on T2W images.77 

Although the utilization of MRI for identifying LuNENs is limited, mediastinal MRI can be 

advantageous in cases of inconclusive CT.78

Neuroendocrine Neoplasms of Unknown Primary

In about 13% of NEN patients, the primary site is initially unknown79 and the algorithm for 

their workup depends on the clinical scenario. However, in most of such cases, the organ of 

origin is the intestine or the lungs.79 CT is the most commonly used modality for identifying 

an unknown primary tumor site.80

Although the location of tumor affects the detection capability of CT, its mean sensitivity is 

73%.14,18,19

Investigation of the small bowel is essential as it is the most common primary site of NENs; 

nuclear medicine methods and CTenterography can be employed in these settings.81 When 

conventional imaging methods fail to identify the primary site of NENs, DOTA PET/CT 

can be successfully used and has shown a sensitivity of 60.78% in revealing the elusive 

primary site.81 Neoplasms with unknown primaries carry a poorer prognosis, so identifying 

the primary site is important to appropriately tailor management of such patients.82

Metastases

The most common sites of metastases in NENs are the liver (19.7%), distant lymph nodes 

(16.9%), lungs (15.7%), bones (12.6%), central nervous system (8.6%), and peritoneum 

(8.2%).83 SB-NENs are the most common to metastasize, with the liver being the primary 

target.82 On the other hand, appendiceal NENs, rNENs, and gNENs have lower metastatic 

potential.56 MRI is the best conventional study to detect liver metastases in NENs.84 

MRI acquisition of the liver commonly includes fat-suppressed T2W, DWI, and dynamic 

contrast-enhanced T1Wimages.85 Liver metastases are usually hypervascular but may show 

different patterns of gadolinium enhancement; hence, it is essential to perform multiphase 

contrast-enhanced MRI.86 The sensitivity of DWI (71.6%) is higher than T2W (55.6%) 

and dynamic contrast-enhanced T1W (47.5%–48.1%) in identifying liver metastases from 

NENs.87 Utilizing hepatobiliary contrast agents improve NEN metastases detection and 

facilitates reproducibility of measurement of metastatic liver lesions on follow-up imaging.88 

CT, on the other hand, showed mean sensitivity of 75% and 82% in the detection of 

extrahepatic and hepatic metastases, respectively. Preliminary data point out improved 

performances with DECT (Fig. 14).14,18,19
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Patterns of lymph node involvement are influenced by the location of the primary 

lesion. Regional lymph nodes are the most frequent metastatic sites in pancreatic and SB-

NENs.89,90 Moreover, lymph node metastases have been reported in 11%–50% of dNENs.47 

EUS can efficiently assess the regional lymph nodes in rNENs with a sensitivity of 61%–

88%.64,91 Additionally, EUS is an excellent modality for visualization and sampling of 

upper abdominal lymph nodes.92 CT has a relatively low sensitivity of 27% for detecting 

lymph node metastases.93 Whole-body MRI has a 73% sensitivity for lymph node detection 

compared with 100% of PET/CT.94

Bone metastases occur in up to one-third of patients with liver metastases and should 

be sought in all patients.94 Bone metastases in NENs are associated with poor prognosis 

and appear predominantly osteoblastic (up to 83%).95,96 MRI is the most sensitive (95%) 

modality for the evaluation of osseous metastatic diseases with a sensitivity up to 100%.95,97 

Bone lesions are hyperintense on T2W and short tau inversion recovery (STIR) sequences, 

demonstrating avid enhancement.74 One limitation of MRI is that it cannot effectively 

evaluate the cortical bone, given its short T2 relaxation time. Consequently, bones with 

low marrow volume, such as the ribs, are more effectively assessed by CT.98 CT provides 

exceptional resolution to visualize cortical and trabecular bone which aids in the detection 

of osteolytic and osteosclerotic metastases.98 However, radiographic characteristics of early 

osseous metastases are usually subtle, and these lesions may be easily missed on CT (Fig. 

15). Notably, bone metastases may remain abnormal on CT after treatment.95 CT showed 

a sensitivity of 58% compared with 92% of PET for detecting bone metastases in NENs.95 

Therefore, guidelines recommend the use of SSTR PET for the detection of metastatic 

osseous lesions in NENs.99

The lung is also a common site for metastases in NENs, and a dedicated chest CT is the 

best imaging modality for their evaluation.92 CT can assess the extent of metastases and 

determine the involvement of mediastinal lymph nodes.100 MRI can be a useful tool for 

evaluating the neural foramen or brachial plexus involvement in case of any suspicious 

clinical or CT findings.100

CONCLUSION

In diagnosing and characterizing NENs, imaging techniques are indispensable tools. Despite 

the inherent challenges posed by NENs’ diverse manifestations and locations, modalities 

like CT and MRI have showcased their efficacy. CT is instrumental for initial assessments 

and comprehensive staging, whereas MRI excels in delineating details of liver, pancreatic, 

and osseous structures. However, it is paramount to acknowledge the limitations of these 

tools, from MRI’s constraints in assessing cortical bone to the debated cost-effectiveness 

in detecting certain lesions. Embracing the strengths and weaknesses of these imaging 

techniques will pave the way for tailored protocols, optimizing diagnosis, staging, and 

therapeutic strategies for NENs. As the medical field continues to evolve, it remains crucial 

to refine these modalities for more precise and effective patient care.
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FIGURE 1. 
Axial non-CE T1w fat-saturated (A), arterial phase T1w fat-saturated (B), and T2w SSFSE 

fat-saturated images. On non-CE T1w fat-saturated images (A), NETs (arrow) tend to be 

hypointense, compared to a healthy pancreas. In arterial phase imaging (B), they usually 

enhance more avidly than normal background parenchyma. They also present hyperintense 

on T2w imaging (C).
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FIGURE 2. 
Axial T2w fat-saturated SSFSE (A), T1w arterial phase (B), and EUS (C and D) images. 

A 6-mm pancreatic tail grade 2 NET (arrow), given its high T2w signal intensity (A), is 

easily detected; lesion enhancement (B) rules out cystic entities. EUS, due to its superior 

resolution, better visualizes the NET, which presents as a well-circumscribed hypoechoic 

lesion (C) and also allows for definitive diagnosis through tissue sampling (arrowhead) (D).
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FIGURE 3. 
Axial T1w portal venous phase (A) and coronal T2w SSFSE (B) images. A cystic lesion 

(arrow) in the pancreatic tail demonstrates a thick, smooth, and uniform rind of peripheral 

enhancement (A). There are no internal septa nor communication with the pancreatic duct 

(B). These features favor a cystic pancreatic NET, as subsequently confirmed by tissue 

sampling.
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FIGURE 4. 
Coronal T2w SSFSE (A) and MRCP (B) images. Cystic lesion in the pancreatic head 

communicates with the pancreatic duct (arrow). Duct communication excludes a cystic NET 

and is diagnostic of the pancreas’s side branch intraductal papillary mucinous neoplasm.
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FIGURE 5. 
Axial T1w portal venous phase (A) and coronal T2w SSFSE (B) images. A cystic lesion 

(arrow) in the pancreatic body demonstrates a thick rind of peripheral enhancement and does 

not communicate with the pancreatic duct. However, this cystic lesion presents a lobulated 

contour and contains enhancing internal septa; these features are more in favor of other 

etiologies, including mucinous cystic neoplasm, as subsequently pathologically confirmed, 

rather than of NETs.
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FIGURE 6. 
Coronal arterial phase CE-CT (A), fused DOTATE PET/CT (B), and coronal DOTATATE 

PET (C). Primary cystic pancreatic NET (arrowhead) demonstrates marked DOTATATE 

uptake in its walls. A focal hepatic lesion (arrow) displays marked arterial enhancement and 

radiotracer avidity, as per NET metastasis.

Hesami et al. Page 19

J Comput Assist Tomogr. Author manuscript; available in PMC 2024 July 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 7. 
Axial T1w arterial phase (A) and coronal MRCP (B) images. Despite even severe biliary 

duct dilation (black arrow), diagnosis of ampullary NETs (arrow) might be challenging, 

especially if of small size. However, arterial phase imaging can facilitate detection.
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FIGURE 8. 
Coronal CE-CT (A and B). Small bowel NETs (arrow) tend to occur in the last 100 cm of 

the distal ileum and present as focal wall thickening. Bowel distention with oral contrast 

facilitates detection. Associated mesenteric lymphadenopathy and desmoplastic reaction 

(arrowhead) tend to occur close to the primary tumor, can harbor calcifications, and can 

tether bowel loops.
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FIGURE 9. 
CT-enterography with (A) and without (B) intravenous contrast. Distal ileum is distended 

by fluid and contains a large and markedly enhancing polypoid NEN (arrow). The lesion, 

which immediately stands out after contrast injection, would be extremely hard to diagnose 

on non-CE CT image (B). Usage of oral and intravenous contrast facilitates detection of 

SB-NENs.
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FIGURE 10. 
Coronal T1w fat-saturated (A), T2w SSFSE fat-saturated (B), and T1w fat-saturated CE 

(C) images. In MRI, similarly to CT, usage of oral and intravenous contrast helps detection 

of NENs (arrows). These tumors would be very challenging to appreciate in the case of 

collapsed bowel loops and absence of intravenous contrast.
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FIGURE 11. 
Coronal CT image. Multiple bilateral pulmonary nodules (arrows) and mosaic attenuation. 

Wedge resection of the left upper and lower lobes demonstrates carcinoid tumors and 

tumorlets, and neuroendocrine cell hyperplasia within airway epithelium in keeping with 

DIPNECH.
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FIGURE 12. 
Axial CT (A) and DOTATATE PET (B) images. There is an endobronchial nodule in the 

bronchus intermedius (arrow), which demonstrates marked DOTATATE PET uptake (arrow). 

This was confirmed to be a typical carcinoid on resection.
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FIGURE 13. 
Axial CT (A) and FDG PET (B) were imaged. There is a dominant nodule in the right 

middle lobe (arrow) and subcarinal adenopathy (arrowhead), which, along with another right 

lung nodule (white short arrow), demonstrates marked FDG activity. This was confirmed to 

be an atypical carcinoid on biopsy.
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FIGURE 14. 
Monochromatic (A) and nonmonochromatic (B) CE-CT images. Monochromatic images 

increase the conspicuity of contrast enhancement among anatomic structures and tissues, 

facilitating the detection of hypervascular NEN metastases (arrows) to the liver, which could 

have otherwise blended with similar attenuation background hepatic parenchyma as in B.
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FIGURE 15. 
Sagittal CT (A) and STIR (B) images. NEN metastases to the bones (arrow) tend to present 

sclerotic as in A. MRI outperforms CT in detecting additional early metastases (arrowhead), 

which otherwise could be completely undetected on CT.
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