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Scope and objectives

Cross-sectional imaging of:

1. Bronchial carcinoid tumors 
2. Pancreatic neuroendocrine tumors 
3. Gastrointestinal neuroendocrine tumors 
4. Metastatic disease and treatment response
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Key imaging questions in NETs

WHERE IS THE PRIMARY TUMOR? 

WHAT IS THE EXTENT OF DISEASE? 

WHICH FINDINGS AFFECT TREATMENT PLANNING? 

IS THE DISEASE RESPONDING OR PROGRESSING?
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1. Pulmonary Neuroendocrine Proliferations and Neoplasms

Well-differentiated NETs
• Typical carcinoid

<2 mitoses/2 mm², no necrosis 
• Atypical carcinoid

2–10 mitoses/2 mm² and/or focal necrosis 
Poorly differentiated NECs
• Large-cell neuroendocrine carcinoma 
• Small-cell lung carcinoma

Baudin E. European Society of Neuroendocrine Tumors (ENETS) 2025 guidance paper for lung and thymic carcinoids. J Neuroendocrinol. 
2026
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1. Pulmonary Neuroendocrine Proliferations and Neoplasms

Pulmonary carcinoids: rare but malignant

1–2% of primary lung cancers: typical carcinoid represents approximately 85–90% of cases 

Despite their generally indolent course, pulmonary carcinoids have nodal and distant metastatic potential 

Atypical carcinoids show a substantially higher risk of nodal involvement and a less favorable prognosis than typical 
carcinoids
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1. Pulmonary Neuroendocrine Proliferations and Neoplasms

Imaging findings:
• Central or endobronchial location is common 
• Well-defined round, ovoid or lobulated nodule 
• Marked, usually homogeneous enhancement 
• Calcifications may occur 
• Distal atelectasis, air trapping, mucoid impaction or post-obstructive 

pneumonia
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Typical bronchial carcinoid

LUL ATELECTASIS



10

Typical bronchial carcinoid

LUL ATELECTASIS WITH CENTRAL CARCINOID



11

Typical bronchial carcinoid

SOLITARY LUNG NODULE LOCATED CENTRALLY AT THE LEVELOF SEGMENTAL BRONCHI 
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Typical bronchial carcinoid

68Ga-DOTATOC PET-CT      18F-FDG PET-CT
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1. Pulmonary Neuroendocrine Proliferations and Neoplasms

Which radiological examinations for proper TNM staging?

• Multiphase contrast-enhanced CT (with late arterial and portal phases)
• Liver magnetic resonance imaging (MRI) can be useful for liver metastasis detection in the case of 

suspicion on initial assessment or before liver-directed therapy 

Baudin E. European Society of Neuroendocrine Tumors (ENETS) 2025 guidance paper for lung and thymic carcinoids. J Neuroendocrinol. 
2026
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1. Pulmonary Neuroendocrine Proliferations and Neoplasms

Can CT morphology predict histology?

Features favoring a carcinoid:
• Endobronchial or bronchocentric location 
• Intense contrast enhancement 
• Smooth or mildly lobulated margins 
• Calcifications 
• Slow growth and limited nodal disease 
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1. Pulmonary Neuroendocrine Proliferations and Neoplasms

Features suggesting a more aggressive histology:
• Larger size 
• Irregular margins 
• Heterogeneous enhancement or necrosis 
• Bulky lymphadenopathy 
• Distant metastatic disease
• Atypical carcinoid tends to be larger and more peripheral

 → CT findings are suggestive, but substantial overlap remains
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1. Pulmonary Neuroendocrine Proliferations and Neoplasms

DIPNECH (diffuse idiopathic neuroendocrine cell 
hyperplasia)

Neuroendocrine proliferation with multiple carcinoid tumors 
( 5 mm) and ≥ tumorlets (<5 mm).

Usually radiologically suspected in middle-aged or older 
women (50-70 years) with nonproductive chronic cough 
and/or dyspnea with an obstructive functional pattern.

Patients are usually managed conservatively; long-term 
follow-up is recommended to exclude nodule growth.

Benson RE. Spectrum of pulmonary neuroendocrine proliferations and neoplasms. Radiographics. 2013

NECH VS  TUMORLET VS  CARCINOID
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1. Pulmonary Neuroendocrine Proliferations and Neoplasms

CT findings:
• Multiple bilateral small pulmonary nodules 
• Peribronchiolar distribution 
• Mosaic attenuation and expiratory air trapping 
• Bronchial wall thickening 
• Possible dominant carcinoid tumor 

NECH VS  TUMORLET VS  CARCINOID
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DIPNECH

MULTIPLE SOLID MICRONODULES AND NODULES WITH MOSAIC ATTENUATION PATTERN
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DIPNECH

MULTIPLE SOLID MICRONODULES AND NODULES WITH MOSAIC ATTENUATION PATTERN
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2. Pancreatic Neuroendocrine Tumors

Many small panNENs are diagnosed incidentally during imaging performed for an unrelated diagnosis.

What are the goals of imaging in panNENs?
I. Tumor detection and localization 
II. Lesion characterization and assessment of aggressive features 
III. Local staging and evaluation of resectability 
IV. Detection of metastases and assessment of disease burden

Khanna L. Pancreatic Neuroendocrine Neoplasms: 2020 Update on Pathologic and Imaging Findings and Classification. Radiographics. 2020
Kos-Kudła B. ENETS 2023 guidance paper for nonfunctioning pancreatic neuroendocrine tumours. J Neuroendocrinol. 2023
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Which radiological examinations for proper TNM staging?
• Transabdominal US (also with contrast injection, CEUS) and endoscopic US
• Multiphase contrast-enhanced CT (with late arterial and portal phases)
• Dynamic contrast-enhanced MRI, including diffusion-weighted imaging (DWI) 

and MR cholangio-pancreatography (MRCP)

CT or MRI?
Multiphase CT is generally the first-line examination for staging and assessment of 
resectability. 
MRI provides additional value for small or equivocal pancreatic lesions, ductal 
anatomy and liver staging.

Khanna L. Pancreatic Neuroendocrine Neoplasms: 2020 Update on Pathologic and Imaging Findings and Classification. Radiographics. 2020
Kos-Kudła B. ENETS 2023 guidance paper for nonfunctioning pancreatic neuroendocrine tumours. J Neuroendocrinol. 2023

2. Pancreatic Neuroendocrine Tumors
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2. Pancreatic Neuroendocrine Tumors

CT vs MRI

Advantages:
Widely available and fast 
High spatial resolution 
Comprehensive thoracoabdominal staging 
Accurate assessment of vascular involvement and 
resectability 
Good detection of calcifications and hemorrhage 
Reproducible for longitudinal size assessment 

Khanna L. Pancreatic Neuroendocrine Neoplasms: 2020 Update on Pathologic and Imaging Findings and Classification. Radiographics. 2020
Kos-Kudła B. ENETS 2023 guidance paper for nonfunctioning pancreatic neuroendocrine tumours. J Neuroendocrinol. 2023

Limitations:
Ionizing radiation (long-term surveillance)
Iodinated contrast medium 
Lower sensitivity for small liver metastases 
Small or poorly enhancing PanNENs may remain 
occult 
Detection strongly depends on correct arterial-phase 
timing
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2. Pancreatic Neuroendocrine Tumors

MRI vs CT

Advantages:
Superior soft-tissue contrast 
DWI improves detection of small pancreatic lesions and 
metastases 
MRCP defines the relationship with the main pancreatic 
duct 
Higher sensitivity for small liver metastases
No ionizing radiation

Khanna L. Pancreatic Neuroendocrine Neoplasms: 2020 Update on Pathologic and Imaging Findings and Classification. Radiographics. 2020
Kos-Kudła B. ENETS 2023 guidance paper for nonfunctioning pancreatic neuroendocrine tumours. J Neuroendocrinol. 2023

Limitations:
Longer examination time and greater sensitivity to 
motion 
Lower availability and higher cost 
Less suitable for comprehensive thoracic staging 
Dynamic arterial phases may suffer from timing or 
respiratory artefacts 
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2. Pancreatic Neuroendocrine Tumors 

Imaging findings

Typical appearance:
• Well-defined, round or oval pancreatic mass 
• Marked enhancement during the arterial or pancreatic phase 
• Persistent enhancement or slow washout in later phases 
• T1 hypointensity and mild-to-moderate T2 hyperintensity 
• High signal on DWI with reduced ADC 
• Hypervascular liver and nodal metastases 

Khanna L. Pancreatic Neuroendocrine Neoplasms: 2020 Update on Pathologic and Imaging Findings and Classification. Radiographics. 2020
Kos-Kudła B. ENETS 2023 guidance paper for nonfunctioning pancreatic neuroendocrine tumours. J Neuroendocrinol. 2023
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2. Pancreatic Neuroendocrine Tumors 

Atypical or aggressive features:
• Large size and irregular margins 
• Heterogeneous or reduced arterial enhancement 
• Necrosis, cystic degeneration, hemorrhage or calcifications 
• Pancreatic or biliary duct dilatation 
• Vascular invasion or tumor thrombus 
• Nodal and distant metastases 

 → The classical hypervascular appearance is common, but not universal.

Khanna L. Pancreatic Neuroendocrine Neoplasms: 2020 Update on Pathologic and Imaging Findings and Classification. Radiographics. 2020
Kos-Kudła B. ENETS 2023 guidance paper for nonfunctioning pancreatic neuroendocrine tumours. J Neuroendocrinol. 2023
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Pancreatic Neuroendocrine Tumors

INCIDENTAL PANCREATIC NET
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Pancreatic Neuroendocrine Tumors

INCIDENTAL PANCREATIC NET WITH CYSTIC APPEARENCE
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Pancreatic Neuroendocrine Tumors

PANCREATIC NET G2 (KI-67: 18%)
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Pancreatic Neuroendocrine Tumors

PANCREATIC NET G2 (KI-67: 18%): PET-CT WITH 18F-FDG AND 68GA-DOTATOC
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2. Pancreatic Neuroendocrine Tumors 

Can imaging predict tumor grade?

Large, heterogeneous and hypoenhancing tumors should raise concern for higher-grade disease.

Khanna L. Pancreatic Neuroendocrine Neoplasms: 2020 Update on Pathologic and Imaging Findings and Classification. Radiographics. 2020

VS
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3. Gastrointestinal Neuroendocrine Tumors 

Small intestinal NEN (si-NEN)

Imaging is the main route to diagnosis:

Small primary tumors and several hyperenhancing mimics make accurate 
radiological characterization essential.
Main imaging mimics:
• Adenocarcinoma 
• Gastrointestinal stromal tumor 
• Lymphoma 
• NSAID enteropathy 
• Small bowel angiectasias 

62% 26% 11%

Imaging Endoscopy Surgery

Navin PJ. Imaging of Small-Bowel Neuroendocrine Neoplasms: AJR Expert Panel Narrative Review. AJR Am J Roentgenol. 2023
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3. Gastrointestinal Neuroendocrine Tumors 
 → Primary lesions are usually small, in contrast to the typically large size of nodal or hepatic metastases.

Si-NENs have three main morphologic patterns, all typically characterized by intense early enhancement:

1. Nodular or polypoid 2. Plaque-like 3. Carpet-like

Mucosal or submucosal lesion Mural thickening with serosal puckering Segmental submucosal spread

Usually small and hypervascular May produce focal bowel retraction May mimic ileal Crohn disease

Navin PJ. Imaging of Small-Bowel Neuroendocrine Neoplasms: AJR Expert Panel Narrative Review. AJR Am J Roentgenol. 2023
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3. Gastrointestinal Neuroendocrine Tumors 

 → The mesenteric desmoplastic reaction may be more conspicuous than the primary tumor.

Associated findings:
• Mesenteric desmoplastic reaction 
• Multifocal disease in approximately 54% 
• Bowel tethering, distortion or angulation, small bowel obstruction 
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Si-NEN

INTESTINAL OBSTRUCTION DUE TO AN ILEAL NET WITH MESENTERIC ADENOPATHY
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Si-NEN

ILEAL NET WITH MESENTERIC ADENOPATHY AND LIVER METASTASES
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Si-NEN

ILEAL NET WITH MESENTERIC ADENOPATHY AND LIVER METASTASES



37

Si-NEN

RESECTED NE TESTICUTAR TUMOR
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Si-NEN

RESECTED NE TESTICUTAR TUMOR
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3. Gastrointestinal Neuroendocrine Tumors

CT Enterography and MR Enterography

Routine abdominopelvic CT is not optimized for detection of Si-NET, and without high index of suspicion, they are 
often missed. 

In one study, si-NENs were prospectively missed on at least one examination in 64% of patients who had identifiable 
tumors at retrospective review.

When the primary tumour cannot be identified with regular imaging, CT or MRI enterography may be performed: 
optimal to assess the entire small bowel because multifocality occurs in approximately 54% of cases.

Gupta A. CT detection of primary and metastatic ileal carcinoid tumor: rates of missed findings and associated delay in clinical diagnosis. Abdom Radiol (NY). 
2019

Lamarca A. ENETS 2024 guidance paper for the management of well-differentiated small intestine neuroendocrine tumours. J Neuroendocrinol. 2024
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3. Gastrointestinal Neuroendocrine Tumors

CT Enterography and MR Enterography: acquisition protocols

Martin S. Neuroendocrine neoplasm imaging: protocols by site of origin. Abdom Radiol (NY). 2022
Navin PJ. Imaging of Small-Bowel Neuroendocrine Neoplasms: AJR Expert Panel Narrative Review. AJR Am J Roentgenol. 2023

CT enterography MR enterography

Preparation No solid food for 4–6 h. Still water 
allowed

No solid food for 4–6 h. Still water 
allowed

Oral contrast 1–1.5 L neutral contrast over 45–60 
min

1–1.5 L biphasic contrast over 45–60 
min

Antiperistaltic agent Optional Recommended before motion-
sensitive sequences

Acquisition Arterial 35 s, enteric 50 s, ≈ ≈
delayed 90 s≈

T2 FSE, SSFP, DWI/ADC and 3D fat-
suppressed T1

Post-contrast imaging Iodinated contrast with multiphasic 
acquisition

Dynamic T1: arterial, enteric and 
portal venous phases

Coverage
Thin sections and multiplanar 

reconstructions. Include abdomen, 
pelvis and liver

Assess the entire small bowel. 
Ensure complete liver coverage
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Si-NEN

MR ENTEROGRAPHY: ILEAL NET WITH MESENTERIC ADENOPATHY AND LIVER METASTASES
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4. Metastatic disease and treatment response

Why size alone may be misleading

RECIST 1.1 remains the current standard.

Well-differentiated NETs often respond with disease stabilization rather than tumor 
shrinkage: morphological response may be slow or delayed.

 → Stable disease may represent a clinically meaningful treatment benefit.

Herr FL. PET- and CT-Based Imaging Criteria for Response Assessment of Gastroenteropancreatic Neuroendocrine Tumors Under Radiopharmaceutical 
Therapy. J Nucl Med. 2025
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4. Metastatic disease and treatment response

RECIST remains the standard, but size does not capture the full biological response.

Response assessment should integrate size, viable enhancing tumor and temporal behavior: Choi criteria, m-
RECIST, RECIN, PERCIST, volumetric assessment and DWI are promising.
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Take Home Messages

Lung: A central or endobronchial hyperenhancing lesion with disproportionate obstructive changes should raise 
suspicion for carcinoid. 

Pancreas: The classic PanNET is well defined and hypervascular. Hypoenhancement, heterogeneity, necrosis or 
invasion suggest more aggressive biology. 

Small bowel: The primary tumor may be tiny or occult. A mesenteric nodal mass with radiating strands is the key 
clue. 

Imaging technique: Dedicated multiphasic imaging is essential. 

Treatment response: Size alone may be misleading. Assess viable enhancement, necrosis, new lesions, tumor 
heterogeneity and temporal behavior.



Aldo Carnevale
aldo.carnevale@unife.it

Thank you!
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