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Abstract

Accurate staging and appropriate follow-up imaging of pancreatic neuroendocrine tumors (PNET) are essential for guiding man-
agement and optimizing outcomes. This document provides evidence-based recommendations for the imaging evaluation of patients 
with PNET across six clinical variants: local staging, staging for metastatic disease, surveillance postresection, follow-up after treatment 
of liver-dominant and non-liver dominant disease, and follow-up of untreated disease. Contrast-enhanced CT is usually appropriate in 
most scenarios and commonly used as the first-line imaging modality in assessing tumor size, locoregional extent, vascular involvement, 
and metastatic spread. MRI is also usually appropriate, particularly for liver evaluation. MRI with hepatobiliary contrast agents and
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Disclaimer: The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for diagnosis and treatment of 
specified medical condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians in making decisions regarding radiologic imaging and treatment. 
Generally, the complexity and severity of a patient’s clinical condition should dictate the selection of appropriate imaging procedures or treatments. Only those examinations generally used for 
evaluation of the patient’s condition are ranked. Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this 
document. The availability of equipment or personnel may influence the selection of appropriate imaging procedures or treatments. Imaging techniques classified as investigational by the FDA 
have not been considered in developing these criteria; however, study of new equipment and applications should be encouraged. The ultimate decision regarding the appropriateness of any 
specific radiologic examination or treatment must be made by the referring physician and radiologist in light of all the circumstances presented in an individual examination.
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diffusion-weighted imaging improves detection and characterization of liver metastases, especially in liver-dominant disease. 
DOTATATE PET/CT is usually appropriate for staging and treatment planning in patients with suspected or known metastatic 
disease. FDG-PET/CT is reserved for select cases, such as high-grade tumors.

The American College of Radiology Appropriateness Criteria are evidence-based guidelines for specific clinical conditions that are 
reviewed annually by a multidisciplinary expert panel. The guideline development and revision process support the systematic analysis 
of the medical literature from peer-reviewed journals. Established methodology principles such as Grading of Recommendations 
Assessment, Development, and Evaluation or GRADE are adapted to evaluate the evidence. The RAND/UCLA Appropriateness 
Method User Manual provides the methodology to determine the appropriateness of imaging and treatment procedures for specific 
clinical scenarios. In those instances where peer reviewed literature is lacking or equivocal, experts may be the primary evidentiary 
source available to formulate a recommendation.

Key Words: Appropriateness Criteria, Appropriate Use Criteria, AUC, pancreatic neuroendocrine tumor, staging, surveillance, 
treatment response
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Variant 1. Adult. Local staging of pancreatic neuroendocrine tumor.

Procedure Appropriateness Category Relative Radiation Level

CT abdomen and pelvis with IV contrast Usually Appropriate ☢☢☢
DOTATATE PET/CT skull base to mid-thigh Usually Appropriate ☢☢☢
CT abdomen and pelvis without and with IV 

contrast
Usually Appropriate ☢☢☢☢

US abdomen endoscopic May Be Appropriate O

MRI abdomen without and with IV contrast May Be Appropriate (Disagreement) O

MRI abdomen without and with IV contrast 
with MRCP

May Be Appropriate (Disagreement) O

MRI abdomen without IV contrast with MRCP May Be Appropriate O

FDG-PET/CT skull base to mid-thigh May Be Appropriate ☢☢☢☢
MRI abdomen without IV contrast Usually Not Appropriate O

CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢

ACR Appropriateness Criteria � Staging and Follow-Up of Pancreatic Neuroendocrine Tumors. Variants 1 to 6 and Tables 1 
and 2.
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Variant 2. Adult. Staging of pancreatic neuroendocrine tumor. Evaluation for metastatic disease.

Procedure Appropriateness Category Relative Radiation Level

MRI abdomen and pelvis without and with IV 
contrast

Usually Appropriate O

CT abdomen and pelvis with IV contrast Usually Appropriate ☢☢☢
DOTATATE PET/CT skull base to mid-thigh Usually Appropriate ☢☢☢
CT chest abdomen pelvis with IV contrast Usually Appropriate ☢☢☢☢
MRI abdomen and pelvis without IV contrast May Be Appropriate O

CT abdomen and pelvis without and with IV 
contrast

May Be Appropriate ☢☢☢☢

CT chest abdomen pelvis without and with IV 
contrast

May Be Appropriate ☢☢☢☢

FDG-PET/CT skull base to mid-thigh May Be Appropriate ☢☢☢☢
US abdomen endoscopic Usually Not Appropriate O

CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢
CT chest abdomen pelvis without IV contrast Usually Not Appropriate ☢☢☢☢

Variant 3. Adult. Pancreatic neuroendocrine tumor. Imaging after surgical resection, no suspected or known recurrence. 
Surveillance.

Procedure Appropriateness Category Relative Radiation Level

CT abdomen and pelvis with IV contrast Usually Appropriate ☢☢☢
CT chest abdomen pelvis with IV contrast Usually Appropriate ☢☢☢☢
MRI abdomen and pelvis without and with IV 

contrast
May Be Appropriate (Disagreement) O

MRI abdomen and pelvis without IV contrast May Be Appropriate O

DOTATATE PET/CT skull base to mid-thigh May Be Appropriate ☢☢☢
CT abdomen and pelvis without and with IV 

contrast
May Be Appropriate (Disagreement) ☢☢☢☢

CT chest abdomen pelvis without and with IV 
contrast

May Be Appropriate ☢☢☢☢

US abdomen endoscopic Usually Not Appropriate O

CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢
CT chest abdomen pelvis without IV contrast Usually Not Appropriate ☢☢☢☢
FDG-PET/CT skull base to mid-thigh Usually Not Appropriate ☢☢☢☢
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Variant 4. Adult. Pancreatic neuroendocrine tumor. Follow-up imaging after treatment. Liver-dominant disease.

Procedure Appropriateness Category Relative Radiation Level

MRI abdomen and pelvis without and with IV contrast Usually Appropriate O

CT abdomen and pelvis without and with IV contrast Usually Appropriate ☢☢☢☢
CT chest abdomen pelvis with IV contrast Usually Appropriate ☢☢☢☢
CT chest abdomen pelvis without and with IV contrast Usually Appropriate ☢☢☢☢
MRI abdomen and pelvis without IV contrast May Be Appropriate (Disagreement) O

MRI abdomen without and with IV contrast with MRCP May Be Appropriate (Disagreement) O

MRI abdomen without IV contrast with MRCP May Be Appropriate (Disagreement) O

CT abdomen and pelvis with IV contrast May Be Appropriate (Disagreement) ☢☢☢
DOTATATE PET/CT skull base to mid-thigh May Be Appropriate (Disagreement) ☢☢☢
US abdomen endoscopic Usually Not Appropriate O

CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢
CT chest abdomen pelvis without IV contrast Usually Not Appropriate ☢☢☢☢
FDG-PET/CT skull base to mid-thigh Usually Not Appropriate ☢☢☢☢

Variant 5. Adult. Pancreatic neuroendocrine tumor. Follow-up imaging after treatment. Non-liver dominant disease.

Procedure Appropriateness Category Relative Radiation Level

MRI abdomen and pelvis without and with IV contrast Usually Appropriate O

CT abdomen and pelvis with IV contrast Usually Appropriate ☢☢☢
DOTATATE PET/CT skull base to mid-thigh Usually Appropriate ☢☢☢
CT chest abdomen pelvis with IV contrast Usually Appropriate ☢☢☢☢
MRI abdomen and pelvis without IV contrast May Be Appropriate O

MRI abdomen without and with IV contrast 
with MRCP

May Be Appropriate (Disagreement) O

MRI abdomen without IV contrast with MRCP May Be Appropriate O

CT abdomen and pelvis without and 
with IV contrast

May Be Appropriate ☢☢☢☢

CT chest abdomen pelvis without and 
with IV contrast

May Be Appropriate ☢☢☢☢

FDG-PET/CT skull base to mid-thigh May Be Appropriate ☢☢☢☢
US abdomen endoscopic Usually Not Appropriate O

CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢
CT chest abdomen pelvis without IV contrast Usually Not Appropriate ☢☢☢☢
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Variant 6. Adult. Pancreatic neuroendocrine tumor. Follow-up imaging of untreated disease.

Procedure Appropriateness Category Relative Radiation Level

MRI abdomen and pelvis without and with IV contrast Usually Appropriate O

MRI abdomen without and with IV contrast with MRCP Usually Appropriate O

CT abdomen and pelvis with IV contrast Usually Appropriate ☢☢☢
CT abdomen and pelvis without and with IV contrast Usually Appropriate ☢☢☢☢
MRI abdomen and pelvis without IV contrast May Be Appropriate O

MRI abdomen without IV contrast with MRCP May Be Appropriate O

DOTATATE PET/CT skull base to mid-thigh May Be Appropriate (Disagreement) ☢☢☢
US abdomen endoscopic Usually Not Appropriate O

CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢
FDG-PET/CT skull base to mid-thigh Usually Not Appropriate ☢☢☢☢

Table 1. Appropriateness category names and definitions

Appropriateness Category 
Name

Appropriateness
Rating Appropriateness Category Definition

Usually Appropriate 7, 8, or 9 The imaging procedure or treatment is indicated in the specified 
clinical scenarios at a favorable risk-benefit ratio for patients. 

May Be Appropriate 4, 5, or 6 The imaging procedure or treatment may be indicated in the 
specified clinical scenarios as an alternative to imaging 
procedures or treatments with a more favorable risk-benefit 
ratio, or the risk-benefit ratio for patients is equivocal.

May Be Appropriate 
(Disagreement)

5 The individual ratings are too dispersed from the panel median.
The different label provides transparency regarding the panel’s 
recommendation. “May be appropriate” is the rating category 
and a rating of 5 is assigned.

Usually Not Appropriate 1, 2, or 3 The imaging procedure or treatment is unlikely to be indicated in 
the specified clinical scenarios, or the risk-benefit ratio for 
patients is likely to be unfavorable.

Table 2. Relative radiation level designations

RRL Adult Effective Dose Estimate Range (mSv) Pediatric Effective Dose Estimate Range (mSv)

O 0 0
☢ <0.1 <0.03
☢☢ 0.1-1 0.03-0.3
☢☢☢ 1-10 0.3-3
☢☢☢☢ 10-30 3-10
☢☢☢☢☢ 30-100 10-30

Note: Relative radiation level (RRL) assignments for some of the examinations cannot be made, because the actual patient doses in these 
procedures vary as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is 
used). The RRLs for these examinations are designated as “varies.”
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SUMMARY OF LITERATURE REVIEW 

Introduction/Background
Pancreatic neuroendocrine neoplasms (PNEN) are rare, 
accounting for up to 7% of pancreatic tumors [1,2]. The 
incidence of gastroenteropancreatic neuroendocrine neoplasms 
has steadily risen over the past 40 years, likely because of 
increasing detection [3,4], reaching 5.45 per 100,000 in 
2015 in the United States [4]. PNEN represent 16.3% 

of gastroenteropancreatic neuroendocrine neoplasms [4]. 
According to the World Health Organization 2017 
classification, PNEN are divided into well-differentiated 
neuroendocrine tumors and poorly differentiated neuroen-
docrine carcinoma (NEC) [5]. Pancreatic neuroendocrine 
tumors (PNET) can be further graded into three grades 
(G1, G2, and G3) based on the mitotic rate and the 
fraction of Ki-67–positive tumor cells (Ki-67 index) [5]. 
NEC are rare and high-grade and are by definition poorly 
differentiated. They have worse outcomes and require 
different therapeutic strategies and staging, and therefore 
recent classifications separate NEC from neuroendocrine 
tumors. This document is primarily focused on PNET, with 
no further discussion of NEC.

Less than one-third of PNET are functioning [6,7], 
secreting various hormones often leading to the clinical 
presentation. Insulinomas followed by gastrinomas are the 
most common types of functioning PNET. Other types 
include glucagonomas, Verner-Morrison syndrome, soma-
tostatinomas, and rarely other hormone secreting tumors 
[8]. Most PNET are sporadic, but some are associated with 
familial syndromes. Patients with multiple endocrine neoplasia 
type 1 and Von Hippel-Lindau have a high incidence of 
PNET, which warrants screening of affected patients [8,9]. 
There is also an association with neurofibromatosis type 1 as 
well as tuberous sclerosis; however, the incidence in those 
groups remains relatively low, and therefore surveillance is 
not typical in those patients [8,9]. The majority of PNET 
are nonfunctioning and are often larger at diagnosis, 
with a higher likelihood of metastasis [1,9]. The increase 
in incidence of PNET can possibly be attributed to 
increased detection of nonfunctioning PNET incidentally 
on imaging. Whereas imaging is an important component 
of the workup (plus a biochemical workup as clinically 
indicated), pathologic examination remains the reference 
standard for diagnosis [2]. Endoscopic ultrasound (EUS) 
with fine-needle aspiration is the approach of choice for 
diagnosis and histologic grading of the tumor in most setting 
[7].

Multiple staging systems have been historically used for 
PNET [9]. In 2017, the eighth edition of the American 
Joint Committee on Cancer adopted a different staging 
system for PNET separate from that used for exocrine

pancreatic cancer, which is more consistent with that of 
the European Neuroendocrine Tumor Society [10,11]. 
This staging was maintained in the subsequent 9th edition 
[12]. Imaging plays a key role in the preoperative staging 
of PNET, which is important for appropriate management. 
For tumor staging, the T stage is defined as follows: T1 
tumors are <2 cm in size and confined to the pancreas; T2 
tumors measure between 2 cm and 4 cm and are confined 
to the pancreas; T3 tumors are >4 cm in size or there is 
growth of tumor into the duodenum or common bile duct; 
and in T4 disease, there is tumor invasion into adjacent 
organs or there is growth into blood vessels.

PNET have overall more indolent biology with far 
better outcomes compared with NEC and pancreatic 
adenocarcinoma. The median overall survival is 67 months 
for all PNET [4]. For tumors with distant disease and 
regional disease, the median overall survival is 2 years and 
10.8 years, respectively [4]. For localized tumors, that 
median could not be reached (ie, exceeding 30 years) 
with a 5-year survival of 91.7% [4]. Surgical resection is 
considered the only curative therapy [13]. The extent of 
the surgery depends on the tumor size and staging. 
Patients with limited liver metastases may also benefit 
from surgical resection of the metastases with curative 
intent; however, there is a high recurrence rate [2,14]. 
Liver-directed therapies such as chemoembolization, abla-
tion, and radioembolization may be of value for hepatic 
metastases [2,14]. Most PNET express high affinity receptors 
for somatostatin, making somatostatin analogs the treatment 
of choice to control tumor growth for patients with 
locoregional advanced disease and/or metastatic disease 
with significant tumor burden or progression [14]. Patients 
who progress on somatostatin analogs can be treated with 
peptide receptor radionuclide therapy, Lu-177 DOTA-
TATE, if the tumor expresses somatostatin receptors [14]. 
Other systemic therapy options include oral targeted agents 
such as everolimus and sunitinib [14]. Recent data suggest 
cabozantinib also has activity, although this agent is not yet 
FDA-approved for this indication [15]. Chemotherapy is 
also routinely implemented, with temozolomide-based ther-
apy most commonly used [15,16].

DISCUSSION OF PROCEDURES BY VARIANT

Variant 1: Adult. Local staging of pancreatic 
neuroendocrine tumor
In this clinical scenario, the patient has been diagnosed with 
PNET and is presenting for evaluation of the locoregional 
extent of the tumor, typically as part of the preoperative 
evaluation for possible surgical resection. The possibility of 
metastatic disease is considered unlikely in this clinical
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scenario based on prior imaging and tumor factors such as 
small size and tumor grade.

CT Abdomen and Pelvis With IV Contrast. CT is
often the initial modality for evaluation of patients with 
PNET and should be performed according to the pancreatic 
protocol, which includes a late arterial phase known as the 
pancreatic parenchymal phase as well as a portal venous 
phase. The reported lesion detection rate ranges from 69% 

to 94% [17]. The reported sensitivities for small tumors are 
broad, ranging from 30% to 80%, with significantly higher 
sensitivities reaching up to 95% for larger lesions [9]. 
PNET are most typically solid lesions with arterial phase 
hyperenhancement on CT and MRI necessitating the use 
of intravenous (IV) contrast; furthermore, a multiphase 
CT including arterial and portal venous phases is typically 
needed given that some tumors may only be visible on 
the arterial phase [2,9,18]. Tumor size estimated by CT 
was concordant with gross pathology [10]. Although vascular 
encasement and narrowing is less common with PNET, 
vascular involvement correlates with tumor grade and 
outcomes and has significant management implications 
[19-21]. PNET may exhibit a distinctive and underrecognized 
pattern of venous tumor thrombus in the splenic vein, 
superior mesenteric vein, and main portal vein, warranting 
particular attention to these vessels [6,22]. The prevalence 
of venous tumor thrombus is estimated to be as high as 
33%, but it is underreported on imaging [6,22]. Precontrast 
images are typically not necessary but can be useful in 
confirming the presence of necrotic components and 
intratumor hemorrhage. There is no evidence to support 
the inclusion of the chest in the setting of staging local 
disease given the low likelihood of metastatic disease in 
this clinical scenario.

CT Abdomen and Pelvis Without and With IV
Contrast. Although a CT performed with and without IV 
contrast has the same performance characteristics as a CT 
with IV contrast, precontrast images are typically not 
necessary and have not been shown to add to diagnostic/ 
staging accuracy. However, precontrast images can be useful 
in confirming the presence of necrotic components and 
intratumor hemorrhage. There is no evidence to support 
the inclusion of the chest in the setting of staging local 
disease given the low likelihood of metastatic disease in this 
clinical scenario.

CT Abdomen and Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
many PNET will only be visible after administration of 
contrast. Furthermore, evaluation of peripancreatic vascu-
lature is not possible without IV contrast. There is no ev-
idence to support the inclusion of the chest in the setting of

staging local disease given the low likelihood of metastatic 
disease in this clinical scenario.

DOTATATE PET/CT Skull Base to Mid-Thigh. So-
matostatin receptor-PET imaging (SSTR-PET), such as 
DOTATATE PET/CT, is highly sensitive for neuroendo-
crine tumors, with reported sensitivities and specificities for 
PNET ranging from 86% to 100% and 79% to 100%, 
respectively [17,23], the exception being insulinoma, for 
which the sensitivity is as low as 25% [23]. DOTATATE 
PET/CT could play a role when there is a suspicion for 
PNET based on laboratory tests, particularly if not detected 
on conventional imaging or if not amenable to biopsy 
[1,24]. In the context of staging histologically confirmed 
PNET without metastatic disease, DOTATATE PET/CT 
offers the particular advantage of detecting lymph node 
metastases that are difficult to characterize by CT and MRI 
apart from size, as well as significantly improving the 
detection of bone metastases that are often missed on CT 
[17,25], making it a useful alternative tool for staging in 
this clinical scenario [1,24]. DOTATATE PET/CT was 
found to change the staging or cause a therapy modification 
in >50% of patients in one study [26]. In the scenario of a 
small primary lesion, <2 cm, with low-grade histology, the 
likelihood of metastatic disease is considered very low, and 
therefore DOTATATE PET/CT may not be necessary [1].

FDG-PET/CT Skull Base to Mid-Thigh. Fluorine-18-
2-fluoro-2-deoxy-D-glucose (FDG) uptake is typically min-
imal in low-grade well-differentiated PNET and is therefore 
unlikely to be of value in the initial staging of PNET being 
considered for resection, particularly when the suspicion for 
metastatic disease is low. FDG-PET can be considered in 
high-grade tumor without avidity on DOTATATE PET/ 
CT, but that rare consideration would only arise after the 
initial workup, and therefore FDG-PET is not an initial test 
in local staging.

MRI Abdomen Without and With IV Contrast. Owing
to its superior soft tissue and contrast resolution, MRI is 
valuable for the evaluation of PNET, with a reported sensi-
tivity of 80% for small tumors <2 cm in size [9]. PNET 
are most typically solid lesions with arterial phase 
hyperenhancement on CT and MRI [27]. They typically 
demonstrate low T1 and high T2 signal and variable 
diffusion restriction [9]. However, it is important to 
recognize there could be significant variation in appearance. 
For example, 41.5% of PNET may not show arterial 
hyperenhancement [27]. Eighteen percent of PNET are 
cystic, most of which demonstrate a hyperenhancing 
rim, but a small proportion are purely cystic without 
enhancement [18]. Differentiation of cystic PNET and 
necrotic changes may be difficult on imaging [18,28].
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Furthermore, many articles in the literature describe 
imaging features that are associated with aggressive behavior 
of the tumor, such as an ill-defined margin [29], relative 
hypoenhancement on the portal venous phase compared 
with the pancreatic parenchyma [5,20,29,30], lower arterial 
enhancement ratio [5,31,32], ductal dilatation [5,20], vascular 
involvement [19-21], nonbright T2 signal [19], and restricted 
diffusion [13,29,33]. Pancreatic ductal dilatation is 
uncommon with PNET, but it can occur in the setting of 
large tumor size and high-grade tumors [20] or by tumors 
that locally produce elevated serotonin leading to fibrotic 
stricture of the duct [9]. A rare but distinctive and 
underrecognized pattern of PNET spread is intraductal 
spread [6]. Involvement of the common bile duct would 
upgrade the T stage to T3. Therefore, the inclusion of MR 
cholangiopancreatography (MRCP) sequences is important 
for the evaluation of pancreatic ductal dilatation, intraductal 
growth, or involvement of the biliary duct. Kim et al [29] 
evaluated the staging accuracy of MRI for PNET and 
reported an accuracy for T-staging of 77% (n = 30) and 
85% (n = 33) and an accuracy for N-staging of 92% (n = 

36) and 87% (n = 34) for two readers with moderate 
interreader agreement. Tumor size estimated by MRI was 
concordant with gross pathology [10,29]. The inclusion of 
the pelvis is of no clear value in the setting of local staging.

MRI Abdomen Without and With IV Contrast With
MRCP. Owing to its superior soft tissue and contrast 
resolution, MRI is valuable for the evaluation of PNET, 
with a reported sensitivity of 80% for small tumors <2 cm 

in size [9]. PNET are most typically solid lesions with 
arterial phase hyperenhancement on CT and MRI [27]. 
They typically demonstrate low T1 and high T2 signal 
and variable diffusion restriction [9]. However, it is important 
to recognize there could be significant variation in 
appearance. For example, 41.5% of PNET may not show 
arterial hyperenhancement [27]. Eighteen percent of PNET 
are cystic, most of which demonstrate a hyperenhancing 
rim, but a small proportion are purely cystic without 
enhancement [18]. Differentiation of cystic PNET and 
necrotic changes may be difficult on imaging [18,28]. 
Furthermore, many articles in the literature describe 
imaging features that are associated with aggressive behavior 
of the tumor, such as an ill-defined margin [29], relative 
hypoenhancement on the portal venous phase compared 
with the pancreatic parenchyma [5,20,29,30], lower arterial 
enhancement ratio [5,31,32], ductal dilatation [5,20], 
vascular involvement [19-21], nonbright T2 signal [19], 
and restricted diffusion [13,29,33]. Pancreatic ductal 
dilatation is uncommon with PNET, but it can occur in 
the setting of large tumor size and high-grade tumors 
[20] or by tumors that locally produce elevated serotonin

leading to fibrotic stricture of the duct [9]. A rare but 
distinctive and underrecognized pattern of PNET spread 
is intraductal spread [6]. Involvement of the common 
bile duct would upgrade the T stage to T3. Therefore, 
the inclusion of MRCP sequences is important for the 
evaluation of pancreatic ductal dilatation, intraductal 
growth, or involvement of the biliary duct. Kim et al 
[29] evaluated the staging accuracy of MRI for PNET 
and reported an accuracy for T-staging of 77% (n = 30) 
and 85% (n = 33) and an accuracy for N-staging of 
92% (n = 36) and 87% (n = 34) for 2 readers with 
moderate interreader agreement. Tumor size estimated 
by MRI was concordant with gross pathology [10,29].

MRI Abdomen Without IV Contrast. Lack of IV
contrast would be a significant limitation given that arterial 
phase hyperenhancement is the hallmark of many of these 
tumors. Furthermore, evaluation of peripancreatic vascula-
ture is difficult without IV contrast. MRCP sequences are 
considered an important component of the MRI protocol 
in this clinical scenario. The inclusion of the pelvis is of no 
clear value in the setting of local staging.

MRI Abdomen Without IV Contrast With MRCP. Lack
of IV contrast would be a significant limitation given that 
arterial phase hyperenhancement is the hallmark of many of 
these tumors. Furthermore, evaluation of peripancreatic 
vasculature is difficult without IV contrast. MRCP sequences 
are considered an important component of the MRI protocol 
in this clinical scenario.

US Abdomen Endoscopic. EUS has a reported sensi-
tivity of 80% to 90% for the detection of PNET and can 
be particularly useful in patients with an unrevealing CT 
[9]. EUS has high spatial resolution, which allows for 
improved tumor visualization and its anatomic relations 
to the pancreatic duct. The distinct advantage of EUS is 
the ability to perform fine-needle aspiration, which is 
considered the approach of choice for obtaining an accurate 
diagnosis [7]. The field of view for EUS is limited, and 
therefore evaluation of regional lymphadenopathy is 
limited. Typically EUS would have been performed 
already for tissue sampling before dedicated imaging for 
local staging, but if not, EUS can be considered if 
additional delineation of the tumor relation to the 
pancreatic duct is needed.

Variant 2: Adult. Staging of pancreatic 
neuroendocrine tumor. Evaluation for 
metastatic disease
In this clinical scenario, the patient has been diagnosed with 
PNET and is presenting for complete staging of the disease.
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Metastatic disease may have already been suspected based 
on prior imaging, or the likelihood of metastases is not 
negligible based on tumor factors such as size or grade.

CT Abdomen and Pelvis With IV Contrast. CT is
often the initial modality for the evaluation of patients with 
PNET and should be performed with a biphasic CT pro-
tocol, which includes a late arterial phase (also known as the 
pancreatic parenchymal phase) through the pancreas and 
liver as well as a portal venous phase through the abdomen 
and pelvis. The reported sensitivity and specificity of CT for 
lymph node metastases are 60% to 70% and 87% to 100%, 
respectively [17]. For soft tissue metastases, the sensitivity 
and specificity of CT are 62% to 67% and 98% to 100%, 
respectively [17]. For bone metastases the sensitivity and 
specificity of CT are 46% to 80% and 98% to 100%, 
respectively [17]. For liver metastases, the sensitivity and 
specificity of CT are 75% to 100% and 83% to 100%, 
respectively [17]. If liver metastases are already known or 
suspected, then a liver protocol CT should be considered. 
Precontrast imaging is unlikely to be helpful and is 
therefore not necessary. It is worth noting that a study 
that compared multiple imaging modalities with thin 
slice histopathology of hemihepatectomy has found that 
CT has only a 38% accuracy for detecting liver metastases 
preoperatively on a per-lesion basis [34]. Half of the 
metastatic lesions were not detected by any modality 
preoperatively, with MRI having the highest accuracy of 
48% [34]. This would account for the known high 
recurrence rate after liver resection.

CT Abdomen and Pelvis Without and With IV
Contrast. Although a CT performed with and without IV 
contrast has the same performance characteristics as a CT 
with IV contrast, precontrast images are typically not 
necessary. Precontrast images can be useful in confirming 
the presence of necrotic components and intratumor 
hemorrhage. Some institutions routinely include precon-
trast images as part of their multiphase protocols.

CT Abdomen and Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
many PNET will only be visible after administration of 
contrast. Furthermore, evaluation of peripancreatic vascu-
lature is not possible without IV contrast.

CT Chest Abdomen Pelvis With IV Contrast. Neither
the National Comprehensive Cancer Network (NCCN) 
guidelines nor multiple North American and European 
consensus guidelines explicitly discuss the need for CT of 
the chest [1,8,17,23,25,35]; however, it can be obtained at 
the time of initial diagnosis when DOTATATE PET/CT is 
not performed [25].

CT Chest Abdomen Pelvis Without and With IV
Contrast. Neither the NCCN guidelines nor multiple 
North American and European consensus guidelines explic-
itly discuss the need for CT of the chest [1,8,17,23,25,35]; 
however, it can be obtained at the time of initial diagnosis 
when DOTATATE PET/CT is not performed [25].

CT Chest Abdomen Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
many PNET will only be visible after administration of 
contrast. Furthermore, evaluation of peripancreatic vascula-
ture is not possible without IV contrast.

DOTATATE PET/CT Skull Base to Mid-Thigh. SSTR-
PET, such as DOTATATE PET/CT, is highly sensitive for 
neuroendocrine tumors, with reported sensitivities and speci-
ficities for PNET ranging from 86% to 100% and 79% to 
100%, respectively [17,23], the exception being insulinomas, 
for which the sensitivity is as low as 25% [23]. In the 
context of staging histologically confirmed PNET with 
suspected metastases, DOTATATE PET/CT offers the 
particular advantage of detecting lymph node metastases 
that are difficult to characterize by CT and MRI apart 
from size, as well as significantly improving the detection 
of bone metastases that are often missed on CT [17,25], 
and therefore should be considered for complete staging of 
these patients [1,24]. DOTATATE PET/CT was found to 
change the staging or cause a therapy modification in more 
than 50% of patients in 1 study [26]. DOTATATE PET/ 
CT has the unique role of evaluating somatostatin receptor 
status for determining whether a patient may benefit from 

targeted peptide receptor radionuclide therapy [24].

FDG-PET/CT Skull Base to Mid-Thigh. FDG uptake
is typically minimal in low-grade well-differentiated PNET 
and is therefore unlikely to be of value in the initial staging 
of PNET. FDG-PET can be considered in high-grade tu-
mors that are negative on DOTATATE PET/CT.

MRI Abdomen and Pelvis Without and With IV
Contrast. MRI is useful for the initial evaluation and 
staging of PNET, owing to its sensitivity in detecting the 
primary tumor and metastatic disease. MRI has a particular 
advantage in evaluating liver metastases. A study that 
compared multiple imaging modalities with thin slice his-
topathology of hemihepatectomy has found MRI to have 
the highest accuracy compared with CT, US, and so-
matostatin receptor scintigraphy [34]. In addition, the 
lesion may also be seen on other sequences, including fat-
suppressed T2-weighted images and diffusion-weighted 
imaging (DWI). DWI in particular was found to be more 
sensitive for the detection of liver metastases than T2-
weighted sequences and dynamic gadolinium-enhanced
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MRI [36]. Hepatobiliary contrast agent-enhanced MRI has 
been shown to improve the detection of liver metastases 
[9,37,38]. Extrapolating from the ACR Appropriateness 
Criteria � topic on “Staging of Colorectal Cancer” [39] 
and expert opinion on neuroendocrine tumor staging 
[1,25], it is recommended to use hepatobiliary contrast 
agent-enhanced MRI in combination with DWI when 
liver resection and liver-directed therapy are being consid-
ered. MRCP sequences are useful in the complete assess-
ment of the primary pancreatic tumor.

MRI Abdomen and Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
arterial phase hyperenhancement is the hallmark of many of 
these tumors; however, DWI in particular was found to be 
more sensitive for the detection of liver metastases than 
dynamic gadolinium-enhanced MRI [36], with one study 
suggesting that visualization of hepatic metastases using 
DWI alone is within the acceptable limits for clinical use 
[40]. T2 fast spin-echo was also shown in 1 study to be 
useful in detecting and monitoring the size of carcinoid 
hepatic metastases [41]. The combination of these sequences 
was found to improve the detection of liver metastases [36].
MRCP sequences are useful in the complete assessment of 
the primary pancreatic tumor.

US Abdomen Endoscopic. There is no literature to 
support the use of EUS for evaluation of distant metastatic 
disease in the setting of PNET. EUS for evaluation of 
PNET with metastases is limited due to the limited field of 
view.

Variant 3: Adult. Pancreatic neuroendocrine 
tumor. Imaging after surgical resection, no 
suspected or known recurrence. Surveillance
Curative resection of PNET with no remaining gross or 
microscopic tumor and negative margins is referred to as an 
R0 resection. The prognosis for these patients is excellent, 
exceeding 90% disease-specific survival at 5 years; however, 
the rates of recurrence can be as high as 40% in 5 years, 
warranting close follow-up [1]. Knowledge of the appearance 
of the primary tumor on various imaging modalities before 
resection could guide the selection of the postresection 
surveillance modality. The recommended frequency of 
surveillance varied between every 3 to 12 months in the 
first year and then every 6 to 12 months for the 
following 10 years [35], with higher-grade tumors war-
ranting shorter interval follow-up compared with lower-
grade tumors.

CT Abdomen and Pelvis With IV Contrast. As in the
primary diagnosis and staging of PNET, contrast-enhanced 
CT is commonly used in postresection surveillance. The

reported sensitivities for small tumors are broad, ranging 
from 30% to 80%, with significantly higher sensitivities 
reaching up to 95% for larger lesions [9]. The CT technique 
should be optimized by performing a multiphase CT 
including a late arterial phase and portal venous phase 
[35]. In the absence of a history of directed liver therapy, 
precontrast imaging is unlikely to be helpful and is therefore 
not necessary.

CT Abdomen and Pelvis Without and With IV
Contrast. As in the primary diagnosis and staging of 
PNET, contrast-enhanced CT is commonly used in post-
resection surveillance. The CT technique should be opti-
mized by performing a multiphase CT including a late 
arterial phase and portal venous phase [35]. In the absence 
of a history of directed liver therapy, precontrast imaging is 
unlikely to be helpful and is therefore not necessary, 
although some institutions include a precontrast phase in 
multiphase CT protocols by convention.

CT Abdomen and Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
many PNET will only be visible after administration of 
contrast.

CT Chest Abdomen Pelvis With IV Contrast. As in
the primary diagnosis and staging of PNET, contrast-
enhanced CT is commonly used in postresection surveil-
lance. The CT technique should be optimized by per-
forming a multiphase CT including a late arterial phase and 
portal venous phase [35]. Imaging of the chest is optional 
for PNET [35].

CT Chest Abdomen Pelvis Without and With IV
Contrast. As in the primary diagnosis and staging of 
PNET, contrast-enhanced CT is commonly used in post-
resection surveillance. The CT technique should be opti-
mized by performing a multiphase CT including a late 
arterial phase and portal venous phase [35]. In the absence 
of a history of directed liver therapy, precontrast imaging is 
unlikely to be helpful and is therefore not necessary, 
although some institutions include a precontrast phase in 
multiphase CT protocols by convention. Imaging of the 
chest is optional for PNET [35].

CT Chest Abdomen Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
many PNET will only be visible after administration of 
contrast.

DOTATATE PET/CT Skull Base to Mid-Thigh. SSTR-
PET, such as DOTATATE PET/CT, is highly sensitive for 
neuroendocrine tumors, with reported sensitivities and speci-
ficities for PNET ranging from 86% to 100% and 79% to 
100%, respectively [17,23], the exception being insulinoma,
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for which the sensitivity is as low as 25% [23]. DOTATATE 
PET/CT is not recommended for routine surveillance [35] but 
could play a role when there is a suspicion for PNET 
recurrence not detected on conventional imaging [1,24,25,42]. 
If a patient did not undergo DOTATATE PET/CT before 
surgical resection, a single DOTATATE PET/CT examination 
should be considered to complete staging postoperatively [24].

FDG-PET/CT Skull Base to Mid-Thigh. FDG uptake
is typically minimal in low-grade well-differentiated PNET 
and is therefore unlikely to be of value in postresection 
surveillance of PNET.

MRI Abdomen and Pelvis Without and With IV
Contrast. As in the primary diagnosis and staging of 
PNET, contrast-enhanced MRI is commonly used in 
postresection surveillance. Owing to its superior soft tissue 
and contrast resolution, MRI is valuable for the evaluation 
of PNET, with a reported sensitivity of 80% for small tu-
mors <2 cm in size [9]. In the absence of known liver 
metastases, some authors may prefer an extracellular 
contrast agent over a hepatobiliary contrast agent [1] 
because the arterial phase with hepatobiliary agents is 
negatively affected by the reduced concentration of 
gadolinium and by the higher likelihood of transient 
severe respiratory motion [43]. MRCP sequences may 
not be necessary in this context. Considering that 
follow-up imaging may be repeated over many years, 
the merit of the lack of ionizing radiation is a consider-
ation that may favor MRI in this context, particularly for 
younger patients.

MRI Abdomen and Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
arterial phase hyperenhancement is the hallmark of many of 
these tumors. If necessary, an MRI without IV contrast 
could still be useful in delineating the tumor. MRCP se-
quences may not be necessary in this context.

US Abdomen Endoscopic. EUS is not typically indi-
cated in the context of postresection surveillance, due to its 
limited field of view and relatively invasive nature.

Variant 4: Adult. Pancreatic neuroendocrine 
tumor. Follow-up imaging after treatment. 
Liver-dominant disease
For PNET with liver-dominant metastases, the role of 
imaging would need to address the treatment response 
assessment of the liver-directed therapy, as well as the 
increased likelihood of recurrent disease in the liver. Many 
liver metastases can go undetected on pretreatment imaging 
with the percentage of undetected metastases >50% in 
some studies [34,36].

CT Abdomen and Pelvis With IV Contrast. The
sensitivity and specificity of CT for liver metastases are re-
ported to be 75% to 100% and 83% to 100% [17], 
although there is a recognition that many liver metastases 
go undetected [34,36]. In this clinical scenario, the CT 
should be performed using a liver protocol. The inclusion 
of precontrast images is valuable in this context to assess 
treatment response to liver-directed therapy and to differ-
entiate true enhancement from intrinsic high attenuation 
related to the treatment.

CT Abdomen and Pelvis Without and With IV
Contrast. The sensitivity and specificity of CT for liver 
metastases are reported to be 75% to 100% and 83% to 
100% [17], although there is a recognition that many liver 
metastases go undetected [34,36]. In this clinical scenario, 
the CT should be performed using a liver protocol. The 
inclusion of precontrast images is valuable in this context 
to assess treatment response to liver-directed therapy and 
to differentiate true enhancement from intrinsic high 
attenuation related to the treatment.

CT Abdomen and Pelvis Without IV Contrast. Lack of
IV contrast would be a significant limitation given that many 
PNET will only be visible after administration of contrast.

CT Chest Abdomen Pelvis With IV Contrast. The
sensitivity and specificity of CT for liver metastases are re-
ported to be 75% to 100% and 83% to 100% [17], 
although there is a recognition that many liver metastases 
go undetected [34,36]. In this clinical scenario, the CT 
should be performed using a liver protocol. The inclusion 
of precontrast images is valuable in this context to assess 
treatment response to liver-directed therapy and to differ-
entiate true enhancement from intrinsic high attenuation 
related to the treatment. Imaging of the chest is optional for 
PNET [35].

CT Chest Abdomen Pelvis Without and With IV
Contrast. The sensitivity and specificity of CT for liver 
metastases are reported to be 75% to 100% and 83% to 
100% [17], although there is a recognition that many liver 
metastases go undetected [34,36]. In this clinical scenario, 
the CT should be performed using a liver protocol. The 
inclusion of precontrast images is valuable in this context 
to assess treatment response to liver-directed therapy and 
to differentiate true enhancement from intrinsic high 
attenuation related to the treatment. Imaging of the chest is 
optional for PNET [35].

CT Chest Abdomen Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
many PNET will only be visible after administration of 
contrast.
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DOTATATE PET/CT Skull Base to Mid-Thigh. SSTR-
PET, such as DOTATATE PET/CT, is highly sensitive for 
neuroendocrine tumors, with reported sensitivities and speci-
ficities for PNET ranging from 86% to 100% and 79% to 
100%, respectively [17,23], the exception being insulinoma, 
for which the sensitivity is as low as 25% [23]. DOTATATE 
PET/CT is not recommended for routine surveillance [35] but 
could play a role when there is a suspicion for PNET 
recurrence not detected on conventional imaging [1,24,25,42]. 
If a patient did not undergo DOTATATE PET/CT 
before surgical resection, a single DOTATATE PET/CT 
examination should be considered to complete staging 
postoperatively [24].

FDG-PET/CT Skull Base to Mid-Thigh. FDG uptake
is typically minimal in low-grade well-differentiated PNET 
and is therefore unlikely to be of value in postresection 
surveillance of PNET.

MRI Abdomen and Pelvis Without and With IV
Contrast. MRI is particularly well suited for surveillance 
in a patient with liver-dominant disease. Liver metastases 
are usually hypointense on T1-weighted images and 
hyperintense on T2-weighted images and demonstrate 
arterial phase hyperenhancement [9]. Some metastases 
are only seen on the arterial phase, emphasizing the 
importance of a multiphase imaging technique [9]. Some 
studies have shown that DWI improved the detection of 
liver metastases [36,40]. Hepatobiliary contrast agent-
enhanced MRI has been shown to improve the detection 
of liver metastases [9,37,38]. Similar to the guidelines of 
colon cancer staging [39], we recommend using hepatobiliary 
contrast agent-enhanced MRI in combination with DWI 
when liver resection and liver-directed therapy are being 
considered [1,25]. MRI is also particularly useful in assessing 
treatment response for liver-directed therapies. As is the case 
in hepatocellular carcinoma treatment response assessment, 
MRI may be preferred over CT. MRCP sequences may not 
be necessary in this context.

MRI Abdomen and Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
arterial phase hyperenhancement is the hallmark of 
many of these tumors. If necessary, an MRI without IV 
contrast could still be useful in identifying liver metas-
tases. Some studies have shown that DWI is useful in 
detecting liver metastases [36,40], with one study 
suggesting that visualization of hepatic metastases using 
DWI alone is within the acceptable limits for clinical 
use [40]. T2 fast spin-echo was also shown in 1 study to 
be useful in detecting and monitoring the size of carcinoid 
hepatic metastases [41]. MRCP sequences may not be 
necessary in this context.

MRI Abdomen Without and With IV Contrast With
MRCP. MRI is particularly well suited for surveillance in a 
patient with liver-dominant disease. Liver metastases are 
usually hypointense on T1-weighted images and hyperin-
tense on T2-weighted images and demonstrate arterial 
phase hyperenhancement [9]. Some metastases are only 
seen on the arterial phase emphasizing the importance 
of a multiphase imaging technique [9]. Some studies 
have shown that DWI improved the detection of liver 
metastases [36,40]. Hepatobiliary contrast agent-enhanced 
MRI has been shown to improve the detection of liver 
metastases [9,37,38]. Similar to the guidelines of colon 
cancer staging [39], we recommend using hepatobiliary 
contrast agent-enhanced MRI in combination with 
DWI when liver resection and liver-directed therapy are 
being considered [1,25]. MRI is also particularly useful 
in assessing treatment response for liver-directed ther-
apies. As is the case in hepatocellular carcinoma treat-
ment response assessment, MRI may be preferred over 
CT. MRCP sequences may not be necessary in this 
context.

MRI Abdomen Without IV Contrast With MRCP. Lack
of IV contrast would be a significant limitation given that 
arterial phase hyperenhancement is the hallmark of many of 
these tumors. If necessary, an MRI without IV contrast could 
still be useful in identifying liver metastases. Some studies 
have shown that DWI is useful in detecting liver metastases 
[36,40], with 1 study suggesting that visualization of hepatic 
metastases using DWI alone is within the acceptable limits 
for clinical use [40]. T2 fast spin-echo was also shown in 1 
study to be useful in detecting and monitoring the size of 
carcinoid hepatic metastases [41]. MRCP sequences may not 
be necessary in this context.

US Abdomen Endoscopic. EUS has no role in evalu-
ating recurrent or treated disease in the liver.

Variant 5: Adult. Pancreatic neuroendocrine 
tumor. Follow-up imaging after treatment. 
Non-liver dominant disease
In patients with diffuse metastatic disease on systemic 
therapy, imaging plays the key role of assessing disease 
burden to determine response to treatment or progression 
on therapy.

CT Abdomen and Pelvis With IV Contrast. Contrast-
enhanced CT is the most used modality for assessing diffuse 
metastatic PNET. A portal venous phase may be sufficient 
in this context, but the protocol can be adjusted depending 
on the dominant sites of the disease. Precontrast imaging is 
typically not needed.
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CT Abdomen and Pelvis Without and With IV
Contrast. Contrast-enhanced CT is the most used mo-
dality for assessing diffuse metastatic PNET. Precontrast 
imaging is typically not needed.

CT Abdomen and Pelvis Without IV Contrast. Lack
of IV contrast will significantly limit the visualization of 
metastatic PNET.

CT Chest Abdomen Pelvis With IV Contrast. Contrast-
enhanced CT is the most used modality for assessing diffuse 
metastatic PNET. A portal venous phase may be sufficient in 
this context, but the protocol can be adjusted depending on 
the dominant sites of the disease. Precontrast imaging is 
typically not needed. Imaging of the chest is optional for 
PNET [35]. The inclusion of the chest depends on the 
distribution of the disease.

CT Chest Abdomen Pelvis Without and With IV
Contrast. Contrast-enhanced CT is the most used mo-
dality for assessing diffuse metastatic PNET. A portal 
venous phase may be sufficient in this context, but the 
protocol can be adjusted depending on the dominant sites 
of the disease. Precontrast imaging is typically not needed. 
Imaging of the chest is optional for PNET [35]. The 
inclusion of the chest depends on the distribution of the 
disease.

CT Chest Abdomen Pelvis Without IV Contrast. Lack
of IV contrast will significantly limit the visualization of 
metastatic PNET.

DOTATATE PET/CT Skull Base to Mid-Thigh. In
the context of surveillance for patients with metastatic 
disease, DOTATATE PET/CT is not routinely indicated; 
however, DOTATATE PET/CT is useful in certain sce-
narios such as bone-dominant disease, nodal and peritoneal-
dominant disease, clinical progression without disease growth 
on conventional imaging, a new indeterminate lesion, or 
monitoring of disease seen predominantly on DOTATATE 
PET/CT [1,8,24].

FDG-PET/CT Skull Base to Mid-Thigh. FDG uptake
is typically minimal in low-grade well-differentiated PNET; 
however, FDG-PET/CT can be considered for response 
assessment in patients with baseline FDG-avid disease [42].

MRI Abdomen and Pelvis Without and With IV
Contrast. MRI is an acceptable alternative to CT for the 
evaluation of patients with diffuse metastatic disease. There 
are no added benefits to using hepatobiliary contrast agents 
in this clinical scenario, with the added limitations of a 
potentially degraded arterial phase, due to a higher rate of 
transient severe respiratory motion [43]. Extracellular 
contrast MRI is therefore preferred in this clinical

scenario. MRCP sequences may not be necessary in this 
context.

MRI Abdomen and Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
arterial phase hyperenhancement is the hallmark of many of 
these tumors. If necessary, an MRI without IV contrast 
could still be useful in identifying the tumor sites. DWI 
would be particularly useful in this case. MRCP sequences 
may not be necessary in this context.

MRI Abdomen Without and With IV Contrast With
MRCP. MRI is an acceptable alternative to CT in patients 
for the evaluation of patients with diffuse metastatic disease. 
There are no added benefits to using hepatobiliary contrast 
agents in this clinical scenario, with the added limitations of 
potentially degraded arterial phase, due a higher rate of 
transient severe respiratory motion [43]. Extracellular 
contrast MRI is therefore preferred in this clinical scenario. 
MRCP sequences may not be necessary in this context.

MRI Abdomen Without IV Contrast With MRCP. Lack
of IV contrast would be a significant limitation given that 
arterial phase hyperenhancement is the hallmark of many 
of these tumors. If necessary, an MRI without IV contrast 
could still be useful in identifying the tumor sites. DWI 
would be particularly useful in this case [36,40]. MRCP 
sequences may not be necessary in this context.

US Abdomen Endoscopic. EUS has no role in evalu-
ating metastatic PNET.

Variant 6: Adult. Pancreatic neuroendocrine 
tumor. Follow-up imaging of untreated 
disease
Imaging surveillance is an acceptable management strategy 
for small (<2 cm), low-grade, nonfunctional tumors [35]. 
Patients with a tumor <1 cm with imaging characteristics 
consistent with PNET do not even require a biopsy to be 
placed on imaging surveillance [25].

CT Abdomen and Pelvis With IV Contrast. PNET are
most typically solid lesions with arterial phase hyper-
enhancement on CT and MRI, necessitating the use of IV 
contrast; furthermore, a multiphase CT including arterial 
and portal venous phases is typically needed given that 
some tumors may only be visible on the arterial phase 
[2,9,18]. Tumor size estimated by CT was concordant 
with gross pathology [10]. Characteristic features of early 
hyperenhancement, homogenous enhancement, and a 
well-circumscribed appearance correlate with benign behavior.
However, features such as an ill-defined margin [29], relative 
hypoenhancement on the portal venous phase compared 
with the pancreatic parenchyma [5,20,29,30], lower arterial
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enhancement ratio [5,31,32], ductal dilatation [5,20], and 
vascular involvement [13,20,21] correlate with aggressive 
behavior and should warrant reconsideration of surveillance. 
Precontrast images are typically not necessary. There is no 
evidence to support the inclusion of the chest in the setting 
of surveillance of untreated small low-grade neuroendocrine 
tumors given the low likelihood of metastatic disease in this 
clinical scenario.

CT Abdomen and Pelvis Without and With IV
Contrast. PNET are most typically solid lesions with 
arterial phase hyperenhancement on CT and MRI, neces-
sitating the use of IV contrast; furthermore, a multiphase 
CT including arterial and portal venous phases is typically 
needed given that some tumors may only be visible on the 
arterial phase [2,9,18]. Precontrast images are typically not 
necessary. There is no evidence to support the inclusion of 
the chest in the setting of surveillance of untreated small 
low-grade neuroendocrine tumors given the low likeli-
hood of metastatic disease in this clinical scenario.

CT Abdomen and Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
many PNET will only be visible after administration of 
contrast. Furthermore, evaluation of peripancreatic vascu-
lature is not possible without IV contrast.

DOTATATE PET/CT Skull Base to Mid-Thigh. For
a small primary lesion (<2 cm), with low-grade histology, 
the likelihood of metastatic disease is considered very low, 
and therefore SSTR may not be necessary [1].

FDG-PET/CT Skull Base to Mid-Thigh. FDG uptake
is typically minimal in low-grade well-differentiated PNET 
and is of no value in this clinical scenario.

MRI Abdomen and Pelvis Without and With IV
Contrast. Owing to its superior soft tissue and contrast 
resolution, MRI has a relatively high sensitivity for small 
tumors <2 cm in size [9], which makes it well suited for 
the imaging surveillance of small untreated lesions. PNET 
are most typically solid lesions with arterial phase 
hyperenhancement on CT and MRI [27]. Characteristic 
features of early hyperenhancement, homogenous enhancement, 
and well-circumscribed appearance correlate with benign 
behavior. However, features such as ill-defined margin [29], 
relative hypoenhancement on the portal venous phase 
compared with the pancreatic parenchyma [5,20,29,38], 
lower arterial enhancement ratio [5,31,32], ductal dilatation 
[5,20], vascular involvement [19-21], nonbright T2 signal 
[13], and marked restricted diffusion [13,29,33] correlate 
with aggressive behavior and should warrant reconsideration 
of surveillance decision. Tumor size estimated by MRI was 
found to be concordant with gross pathology [10,29]. The

inclusion of MRCP sequences is useful in assessing the 
relationship of the tumor with the duct and possible 
intraductal growth or ductal occlusion, which would 
suggest aggressive behavior. The inclusion of the pelvis is 
of no clear value in the setting of surveillance of small 
low-grade tumors. Considering that follow-up imaging 
may be repeated over many years, the merit of the lack of 
ionizing radiation is a consideration that may favor MRI 
in this context, particularly for younger patients.

MRI Abdomen and Pelvis Without IV Contrast. Lack
of IV contrast would be a significant limitation given that 
arterial phase hyperenhancement is the hallmark of many of 
these tumors. Furthermore, evaluation of peripancreatic 
vasculature is not possible without IV contrast. If necessary, 
an MRI without IV contrast could still be useful in delin-
eating the tumor. DWI is particularly useful in that sce-
nario. The inclusion of MRCP sequences is useful in 
assessing the relationship of the tumor, the duct, and 
possible intraductal growth or ductal occlusion, which 
would suggest aggressive behavior. The inclusion of the 
pelvis is of no clear value in the setting of surveillance of 
small low-grade tumors.

MRI Abdomen Without and With IV Contrast With
MRCP. Owing to its superior soft tissue and contrast 
resolution, MRI has a relatively high sensitivity for small 
tumors <2 cm in size [9], which makes it will well suited 
for imaging surveillance of small untreated lesions. PNET 
are most typically solid lesions with arterial phase 
hyperenhancement on CT and MRI [27]. Characteristic 
features of early hyperenhancement, homogenous enhancement, 
and a well-circumscribed appearance correlate with benign 
behavior. However, features such as an ill-defined margin 
[29], relative hypoenhancement on the portal venous phase 
compared with the pancreatic parenchyma [5,20,29,38], 
lower arterial enhancement ratio [5,31,32], ductal dilatation 
[5,20], vascular involvement [19-21], nonbright T2 signal 
[13], and marked diffusion restriction [13,29,33] correlate 
with aggressive behavior and should warrant reconsideration 
of surveillance. Tumor size estimated by MRI was found to 
be concordant with gross pathology [10,29]. The inclusion 
of MRCP sequences is useful in assessing the relationship of 
the tumor, the duct, and possible intraductal growth or 
ductal occlusion, which would suggest aggressive behavior.

MRI Abdomen Without IV Contrast With MRCP. Lack
of IV contrast would be a significant limitation given that 
arterial phase hyperenhancement is the hallmark of many 
of these tumors. Furthermore, evaluation of peripancreatic 
vasculature is not possible without IV contrast. If neces-
sary, an MRI without IV contrast could still be useful in 
delineating the tumor. DWI is particularly useful in that
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scenario. The inclusion of MRCP sequences is useful in 
assessing the relationship of the tumor, the duct, and 
possible intraductal growth or ductal occlusion, which 
would suggest aggressive behavior.

US Abdomen Endoscopic. Although EUS is highly
sensitive for small PNET [9], it is a relatively invasive 
procedure and its use for surveillance is not supported.

SUMMARY OF HIGHLIGHTS

This is a summary of the key recommendations from the 
variant tables. Refer to the complete narrative document 
for more information.

n Variant 1: For initial local staging of PNET, CT 
abdomen and pelvis with IV contrast and CT without 
and with IV contrast are usually appropriate due to 
their high lesion detection rates and ability to assess 
vascular involvement and venous tumor thrombus.
DOTATATE PET/CT is usually appropriate as a 
complementary modality to CT and is useful in 
detecting lymph node and bone metastases not readily 
seen on CT or MRI, although its necessity may be 
limited in small, low-grade tumors (<2 cm) given the 
low likelihood of metastasis. MRI without and with IV 
contrast, particularly with MRCP, has high sensitivity 
(80% for tumors <2 cm) and the ability to characterize 
features of aggressiveness and ductal involvement. It 
may be appropriate because CT is typically the first-line 
modality and given the lack of consensus among experts 
about the role of MRI as an alternative to CT. Typi-
cally, EUS would have been performed already for tissue 
sampling before dedicated imaging for local staging, but 
if not, EUS may be appropriate if additional delineation 
of the tumor relation to the pancreatic duct is needed.

n Variant 2 and 5: For staging and evaluation for 
metastatic disease as well as follow-up after treatment 
of non-liver-dominant disease, CT abdomen and 
pelvis with IV contrast and CT chest, abdomen, and 
pelvis with IV contrast are usually appropriate, offering 
sensitivity for detecting nodal, liver, and soft tissue 
metastases, although detection of small liver metastases 
remains limited. The need for inclusion of the chest is 
not explicitly discussed in other clinical guidelines. 
MRI abdomen and pelvis with IV contrast is usually 
an appropriate alternative, particularly due to superior 
detection of liver metastases—enhanced with DWI— 

and hepatobiliary agents. DOTATATE PET/CT is 
usually appropriate due to its superior ability to detect 
nodal and bone metastases and to inform therapeutic 
decisions (eg, peptide receptor radionuclide therapy).

FDG-PET/CT may be appropriate in select settings 
(eg, high-grade tumors).

n Variant 3: For surveillance postsurgical resection with 
no known or suspected recurrence, CT abdomen and 
pelvis with IV contrast and CT chest, abdomen, and 
pelvis with IV contrast are usually appropriate, because 
they are widely used in surveillance and provide 
acceptable sensitivity when multiphase techniques 
are applied. MRI with IV contrast may be an 
appropriate alternative, offering good soft tissue 
contrast and usefulness in small tumors, but there is a 
lack of consensus on its role as a first-line modality.

n Variant 4: For follow-up after treatment of liver-
dominant disease, MRI with IV contrast is usually 
appropriate due to its high sensitivity for liver metas-
tases and superiority in treatment response assessment. 
Hepatobiliary contrast-enhanced MRI and DWI improve 
detection. Liver protocol CT is also a usually appropriate 
alternative. The inclusion of precontrast images is valuable 
in this context to assess treatment response. DOTATATE 
PET/CT may be appropriate, particularly when there is 
suspicion for recurrence not detected on conventional 
imaging or if DOTATATE PET/CT was not done 
preoperatively.

n Variant 6: For follow-up of untreated disease, MRI 
and CT with IV contrast are usually appropriate al-
ternatives for imaging surveillance of small (<2 cm), 
low-grade, nonfunctional PNET. These tumors often 
display arterial phase hyperenhancement and character-
istic imaging features associated with benign behavior. 
DOTATATE PET/CT may be appropriate comple-
mentary study but not routinely necessary in low-grade, 
small tumors with no high-risk features.

SUPPORTING DOCUMENTS
The evidence table, literature search, and appendix for this 
topic are available at https://acsearch.acr.org/list. The ap-
pendix includes the strength of evidence assessment and the 
final rating round tabulations for each recommendation.

For additional information on the Appropriateness 
Criteria methodology and other supporting documents, 
please go to the ACR website at https://www.acr.org/Clinical-
Resources/Clinical-Tools-and-Reference/Appropriateness-
Criteria.

GENDER EQUALITY AND INCLUSIVITY 
CLAUSE
The ACR acknowledges the limitations in applying inclu-
sive language when citing research studies that predates the
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use of the current understanding of language inclusive of 
diversity in sex, intersex, gender, and gender-diverse people. 
The data variables regarding sex and gender used in the 
cited literature will not be changed. However, this guideline 
will use the terminology and definitions as proposed by the 
National Institutes of Health [44].

RELATIVE RADIATION LEVEL INFORMATION
Potential adverse health effects associated with radiation 
exposure are an important factor to consider when selecting 
the appropriate imaging procedure. Because there is a wide 
range of radiation exposures associated with different 
diagnostic procedures, a relative radiation level (RRL) 
indication has been included for each imaging examination. 
The RRLs are based on effective dose, which is a radiation 
dose quantity that is used to estimate population total ra-
diation risk associated with an imaging procedure. Patients 
in the pediatric age group are at inherently higher risk from 

exposure, because of both organ sensitivity and longer life 
expectancy (relevant to the long latency that appears to 
accompany radiation exposure). For these reasons, the RRL 
dose estimate ranges for pediatric examinations are lower as 
compared with those specified for adults (see Table 2). 
Additional information regarding radiation dose assessment 
for imaging examinations can be found in the ACR 
Appropriateness Criteria � Radiation Dose Assessment 
Introduction document [45].

REFERENCES
1. Konstantinoff KS, Morani AC, Hope TA, et al. Pancreatic neuro-

endocrine tumors: tailoring imaging to specific clinical scenarios. 
Abdom Radiol (NY) 2023;48:1843-53.

2. Lee NJ, Hruban RH, Fishman EK. Pancreatic neuroendocrine tumor: 
review of heterogeneous spectrum of CT appearance. Abdom Radiol 
(NY) 2018;43:3025-34.

3. Dasari A, Shen C, Halperin D, et al. Trends in the incidence, prev-
alence, and survival outcomes in patients with neuroendocrine tumors 
in the United States. JAMA Oncol 2017;3:1335-42.

4. Xu Z, Wang L, Dai S, et al. Epidemiologic trends of and factors 
associated with overall survival for patients with gastroenteropancreatic 
neuroendocrine tumors in the United States. JAMA Netw Open 
2021;4:e2124750.

5. Park HJ, Kim HJ, Kim KW, et al. Comparison between neuroen-
docrine carcinomas and well-differentiated neuroendocrine tumors of 
the pancreas using dynamic enhanced CT. Eur Radiol 2020;30:4772-
82.

6. Balachandran A, Tamm EP, Bhosale PR, et al. Venous tumor 
thrombus in nonfunctional pancreatic neuroendocrine tumors. AJR 
Am J Roentgenol 2012;199:602-8.

7. Liu C, Bian Y, Meng Y, et al. Preoperative prediction of G1 and G2/3 
grades in patients with nonfunctional pancreatic neuroendocrine tu-
mors using multimodality imaging. Acad Radiol 2022;29:e49-60.

8. Halfdanarson TR, Strosberg JR, Tang L, et al. The North American 
Neuroendocrine Tumor Society consensus guidelines for surveillance 
and medical management of pancreatic neuroendocrine tumors. 
Pancreas 2020;49:863-81.

9. Lo GC, Kambadakone A. MR imaging of pancreatic neuroendocrine 
tumors. Magn Reson Imaging Clin N Am 2018;26:391-403.

10. Bian Y, Li J, Jiang H, et al. Tumor size on microscopy, CT, and MRI 
assessments versus pathologic gross specimen analysis of pancreatic 
neuroendocrine tumors. AJR Am J Roentgenol 2021;217:107-16.

11. Choe J, Kim KW, Kim HJ, et al. What is new in the 2017 World 
Health Organization classification and 8th American Joint Commit-
tee on Cancer staging system for pancreatic neuroendocrine neo-
plasms? Korean J Radiol 2019;20:5-17.

12. Chauhan A, Chan K, Halfdanarson TR, et al. Critical updates in 
neuroendocrine tumors: version 9 American Joint Committee on 
Cancer staging system for gastroenteropancreatic neuroendocrine 
tumors. CA Cancer J Clin 2024;74:359-67.

13. Canellas R, Lo G, Bhowmik S, Ferrone C, Sahani D. Pancreatic 
neuroendocrine tumor: correlations between MRI features, tumor 
biology, and clinical outcome after surgery. J Magn Reson Imaging 
2018;47:425-32.

14. Shah MH, Goldner WS, Halfdanarson TR, et al. NCCN guidelines 
insights: neuroendocrine and adrenal tumors, version 2.2018. J Natl 
Compr Canc Netw 2018;16:693-702.

15. Chan JA, Geyer S, Zemla T, et al. Phase 3 trial of cabozantinib to 
treat advanced neuroendocrine tumors. N Engl J Med 2024;392:653-
65.

16. Kunz PL, Graham NT, Catalano PJ, et al. Randomized study of 
temozolomide or temozolomide and capecitabine in patients with 
advanced pancreatic neuroendocrine tumors (ECOG-ACRIN E2211). 
J Clin Oncol 2023;41:1359-69.

17. Sundin A, Arnold R, Baudin E, et al. ENETS consensus guidelines for 
the standards of care in neuroendocrine tumors: radiological, nuclear 
medicine & hybrid imaging. Neuroendocrinology 2017;105:212-44.

18. Kawamoto S, Johnson PT, Shi C, et al. Pancreatic neuroendocrine 
tumor with cystlike changes: evaluation with MDCT. AJR Am J 
Roentgenol 2013;200:W283-90.

19. Canellas R, Burk KS, Parakh A, Sahani DV. Prediction of pancreatic 
neuroendocrine tumor grade based on CT features and texture 
analysis. AJR Am J Roentgenol 2018;210:341-6.

20. Han S, Kim JH, Yoo J, Jang S. Prediction of recurrence after surgery 
based on preoperative MRI features in patients with pancreatic 
neuroendocrine tumors. Eur Radiol 2022;32:2506-17.

21. Luo Y, Dong Z, Chen J, et al. Pancreatic neuroendocrine tumours: 
correlation between MSCT features and pathological classification. 
Eur Radiol 2014;24:2945-52.

22. LeGout JD, Bailey RE, Bolan CW, et al. Multimodality imaging of 
abdominopelvic tumors with venous invasion. Radiographics 2020;40: 
2098-116.

23. Falconi M, Eriksson B, Kaltsas G, et al. ENETS consensus guidelines 
update for the management of patients with functional pancreatic 
neuroendocrine tumors and non-functional pancreatic neuroendo-
crine tumors. Neuroendocrinology 2016;103:153-71.

24. Hope TA, Bergsland EK, Bozkurt MF, et al. Appropriate Use Criteria 
for somatostatin receptor PET imaging in neuroendocrine tumors. 
J Nucl Med 2018;59:66-74.

25. Howe JR, Merchant NB, Conrad C, et al. The North American 
Neuroendocrine Tumor Society consensus paper on the surgical 
management of pancreatic neuroendocrine tumors. Pancreas 2020;49: 
1-33.

26. Ambrosini V, Campana D, Bodei L, et al. 68Ga-DOTANOC PET/ 
CT clinical impact in patients with neuroendocrine tumors. J Nucl 
Med 2010;51:669-73.

27. Jeon SK, Lee JM, Joo I, et al. Nonhypervascular pancreatic neuro-
endocrine tumors: differential diagnosis from pancreatic ductal ade-
nocarcinomas at MR imaging-retrospective cross-sectional study. 
Radiology 2017;284:77-87.

28. Yano M, Misra S, Salter A, Carpenter DH. Assessment of disease 
aggression in cystic pancreatic neuroendocrine tumors: a CT and 
pathology correlation study. Pancreatology 2017;17:605-10.

29. Kim JH, Eun HW, Kim YJ, Han JK, Choi BI. Staging accuracy of 
MR for pancreatic neuroendocrine tumor and imaging findings ac-
cording to the tumor grade. Abdom Imaging 2013;38:1106-14.

1460 Journal of the American College of Radiology 
Volume 23 n Number 7 n July 2026

http://refhub.elsevier.com/S1546-1440(26)00072-4/sref1
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref1
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref1
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref2
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref2
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref2
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref3
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref3
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref3
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref4
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref4
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref4
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref4
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref5
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref5
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref5
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref5
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref6
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref6
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref6
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref7
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref7
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref7
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref8
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref8
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref8
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref8
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref9
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref9
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref10
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref10
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref10
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref11
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref11
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref11
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref11
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref12
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref12
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref12
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref12
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref13
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref13
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref13
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref13
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref14
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref14
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref14
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref15
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref15
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref15
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref16
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref16
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref16
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref16
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref17
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref17
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref17
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref18
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref18
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref18
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref19
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref19
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref19
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref20
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref20
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref20
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref21
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref21
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref21
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref22
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref22
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref22
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref23
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref23
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref23
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref23
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref24
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref24
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref24
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref25
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref25
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref25
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref25
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref26
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref26
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref26
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref27
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref27
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref27
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref27
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref28
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref28
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref28
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref29
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref29
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref29


30. Takumi K, Fukukura Y, Higashi M, et al. Pancreatic neuroendocrine 
tumors: correlation between the contrast-enhanced computed to-
mography features and the pathological tumor grade. Eur J Radiol 
2015;84:1436-43.

31. Arai T, Kobayashi A, Fujinaga Y, et al. Contrast-enhancement ratio 
on multiphase enhanced computed tomography predicts recurrence of 
pancreatic neuroendocrine tumor after curative resection. Pan-
creatology 2016;16:397-402.

32. Guo C, Zhuge X, Wang Z, et al. Textural analysis on contrast-
enhanced CT in pancreatic neuroendocrine neoplasms: association 
with WHO grade. Abdom Radiol (NY) 2019;44:576-85.

33. Pereira JA, Rosado E, Bali M, Metens T, Chao SL. Pancreatic 
neuroendocrine tumors: correlation between histogram analysis of 
apparent diffusion coefficient maps and tumor grade. Abdom Imaging 
2015;40:3122-8.

34. Elias D, Lefevre JH, Duvillard P, et al. Hepatic metastases from 

neuroendocrine tumors with a “thin slice” pathological examination: 
they are many more than you think. Ann Surg 2010;251:307-10.

35. NCCN clinical practice guidelines in oncology. pancreatic adeno-
carcinoma. Version 2.2025. Available at: https://www.nccn.org/ 
professionals/physician_gls/pdf/pancreatic.pdf. Accessed November 
28, 2025.

36. d’Assignies G, Fina P, Bruno O, et al. High sensitivity of diffusion-
weighted MR imaging for the detection of liver metastases from 

neuroendocrine tumors: comparison with T2-weighted and dynamic 
gadolinium-enhanced MR imaging. Radiology 2013;268:390-9.

37. Morse B, Jeong D, Thomas K, Diallo D, Strosberg JR. Magnetic 
resonance imaging of neuroendocrine tumor hepatic metastases: does 
hepatobiliary phase imaging improve lesion conspicuity and inter-
observer agreement of lesion measurements? Pancreas 2017;46:1219-
24.

38. Tirumani SH, Jagannathan JP, Braschi-Amirfarzan M, et al. Value of 
hepatocellular phase imaging after intravenous gadoxetate disodium

for assessing hepatic metastases from gastroenteropancreatic neuro-
endocrine tumors: comparison with other MRI pulse sequences and 
with extracellular agent. Abdom Radiol (NY) 2018;43:2329-39.

39. Korngold EK, Moreno C, Kim DH, et al. ACR Appropriateness 
Criteria � staging of colorectal cancer: 2021 update. J Am Coll Radiol 
2022;19:S208-22.

40. Lavelle LP, O’Neill AC, McMahon CJ, et al. Is diffusion-weighted 
MRI sufficient for follow-up of neuroendocrine tumour liver metas-
tases? Clin Radiol 2016;71:863-8.

41. Bhosale P, Kwek JW, Iyer R, Wei W, Bassett R, Kundra V. Follow-up 
of known carcinoid liver metastases: is respiratory-gated t(2) fast spin-
echo enough? Neuroendocrinology 2011;93:241-8.

42. Galgano SJ, Iravani A, Bodei L, El-Haddad G, Hofman MS, Kong G. 
Imaging of neuroendocrine neoplasms: monitoring treatment 
response-AJR Expert Panel narrative review. AJR Am J Roentgenol 
2022;218:767-80.

43. Davenport MS, Viglianti BL, Al-Hawary MM, et al. Comparison of 
acute transient dyspnea after intravenous administration of gadoxetate 
disodium and gadobenate dimeglumine: effect on arterial phase image 
quality. Radiology 2013;266:452-61.

44. National Academies of Sciences. Engineering, and Medicine; Division 
of Behavioral and Social Sciences and Education; Committee on 
National Statistics; Committee on Measuring Sex, Gender Identity, 
and Sexual Orientation. Measuring sex, gender identity, and sexual 
orientation. In: Becker T, Chin M, Bates N, eds. Measuring sex, 
gender identity, and sexual orientation. Washington, DC: National 
Academies Press; 2022.

45. American College of Radiology. ACR Appropriateness Criteria � 

Radiation Dose Assessment Introduction Available at: https://edge. 
sitecorecloud.io/americancoldf5f-acrorgf92a-productioncb02-3650/ 
media/ACR/Files/Clinical/Appropriateness-Criteria/ACR-Appropriateness-
Criteria-Radiation-Dose-Assessment-Introduction.pdf. Accessed 
November 28, 2025.

Journal of the American College of Radiology 1461
Yacoub et al n Staging and Follow-Up of Pancreatic Neuroendocrine Tumors

http://refhub.elsevier.com/S1546-1440(26)00072-4/sref30
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref30
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref30
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref30
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref31
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref31
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref31
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref31
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref32
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref32
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref32
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref33
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref33
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref33
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref33
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref34
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref34
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref34
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref36
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref36
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref36
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref36
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref37
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref37
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref37
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref37
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref37
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref38
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref38
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref38
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref38
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref38
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref39
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref39
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref39
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref40
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref40
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref40
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref41
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref41
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref41
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref42
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref42
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref42
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref42
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref43
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref43
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref43
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref43
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref44
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref44
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref44
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref44
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref44
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref44
http://refhub.elsevier.com/S1546-1440(26)00072-4/sref44
https://edge.sitecorecloud.io/americancoldf5f%2Dacrorgf92a%2Dproductioncb02%2D3650/media/ACR/Files/Clinical/Appropriateness%2DCriteria/ACR%2DAppropriateness%2DCriteria%2DRadiation%2DDose%2DAssessment%2DIntroduction.pdf
https://edge.sitecorecloud.io/americancoldf5f%2Dacrorgf92a%2Dproductioncb02%2D3650/media/ACR/Files/Clinical/Appropriateness%2DCriteria/ACR%2DAppropriateness%2DCriteria%2DRadiation%2DDose%2DAssessment%2DIntroduction.pdf
https://edge.sitecorecloud.io/americancoldf5f%2Dacrorgf92a%2Dproductioncb02%2D3650/media/ACR/Files/Clinical/Appropriateness%2DCriteria/ACR%2DAppropriateness%2DCriteria%2DRadiation%2DDose%2DAssessment%2DIntroduction.pdf
https://edge.sitecorecloud.io/americancoldf5f%2Dacrorgf92a%2Dproductioncb02%2D3650/media/ACR/Files/Clinical/Appropriateness%2DCriteria/ACR%2DAppropriateness%2DCriteria%2DRadiation%2DDose%2DAssessment%2DIntroduction.pdf

	ACR Appropriateness Criteria® Staging and Follow-Up of Pancreatic Neuroendocrine Tumors
	Summary of Literature Review
	Introduction/Background

	Discussion of Procedures by Variant
	Variant 1: Adult. Local staging of pancreatic neuroendocrine tumor
	CT Abdomen and Pelvis With IV Contrast
	CT Abdomen and Pelvis Without and With IV Contrast
	CT Abdomen and Pelvis Without IV Contrast
	DOTATATE PET/CT Skull Base to Mid-Thigh
	FDG-PET/CT Skull Base to Mid-Thigh
	MRI Abdomen Without and With IV Contrast
	MRI Abdomen Without and With IV Contrast With MRCP
	MRI Abdomen Without IV Contrast
	MRI Abdomen Without IV Contrast With MRCP
	US Abdomen Endoscopic

	Variant 2: Adult. Staging of pancreatic neuroendocrine tumor. Evaluation for metastatic disease
	CT Abdomen and Pelvis With IV Contrast
	CT Abdomen and Pelvis Without and With IV Contrast
	CT Abdomen and Pelvis Without IV Contrast
	CT Chest Abdomen Pelvis With IV Contrast
	CT Chest Abdomen Pelvis Without and With IV Contrast
	CT Chest Abdomen Pelvis Without IV Contrast
	DOTATATE PET/CT Skull Base to Mid-Thigh
	FDG-PET/CT Skull Base to Mid-Thigh
	MRI Abdomen and Pelvis Without and With IV Contrast
	MRI Abdomen and Pelvis Without IV Contrast
	US Abdomen Endoscopic

	Variant 3: Adult. Pancreatic neuroendocrine tumor. Imaging after surgical resection, no suspected or known recurrence. Surv ...
	CT Abdomen and Pelvis With IV Contrast
	CT Abdomen and Pelvis Without and With IV Contrast
	CT Abdomen and Pelvis Without IV Contrast
	CT Chest Abdomen Pelvis With IV Contrast
	CT Chest Abdomen Pelvis Without and With IV Contrast
	CT Chest Abdomen Pelvis Without IV Contrast
	DOTATATE PET/CT Skull Base to Mid-Thigh
	FDG-PET/CT Skull Base to Mid-Thigh
	MRI Abdomen and Pelvis Without and With IV Contrast
	MRI Abdomen and Pelvis Without IV Contrast
	US Abdomen Endoscopic

	Variant 4: Adult. Pancreatic neuroendocrine tumor. Follow-up imaging after treatment. Liver-dominant disease
	CT Abdomen and Pelvis With IV Contrast
	CT Abdomen and Pelvis Without and With IV Contrast
	CT Abdomen and Pelvis Without IV Contrast
	CT Chest Abdomen Pelvis With IV Contrast
	CT Chest Abdomen Pelvis Without and With IV Contrast
	CT Chest Abdomen Pelvis Without IV Contrast
	DOTATATE PET/CT Skull Base to Mid-Thigh
	FDG-PET/CT Skull Base to Mid-Thigh
	MRI Abdomen and Pelvis Without and With IV Contrast
	MRI Abdomen and Pelvis Without IV Contrast
	MRI Abdomen Without and With IV Contrast With MRCP
	MRI Abdomen Without IV Contrast With MRCP
	US Abdomen Endoscopic

	Variant 5: Adult. Pancreatic neuroendocrine tumor. Follow-up imaging after treatment. Non-liver dominant disease
	CT Abdomen and Pelvis With IV Contrast
	CT Abdomen and Pelvis Without and With IV Contrast
	CT Abdomen and Pelvis Without IV Contrast
	CT Chest Abdomen Pelvis With IV Contrast
	CT Chest Abdomen Pelvis Without and With IV Contrast
	CT Chest Abdomen Pelvis Without IV Contrast
	DOTATATE PET/CT Skull Base to Mid-Thigh
	FDG-PET/CT Skull Base to Mid-Thigh
	MRI Abdomen and Pelvis Without and With IV Contrast
	MRI Abdomen and Pelvis Without IV Contrast
	MRI Abdomen Without and With IV Contrast With MRCP
	MRI Abdomen Without IV Contrast With MRCP
	US Abdomen Endoscopic

	Variant 6: Adult. Pancreatic neuroendocrine tumor. Follow-up imaging of untreated disease
	CT Abdomen and Pelvis With IV Contrast
	CT Abdomen and Pelvis Without and With IV Contrast
	CT Abdomen and Pelvis Without IV Contrast
	DOTATATE PET/CT Skull Base to Mid-Thigh
	FDG-PET/CT Skull Base to Mid-Thigh
	MRI Abdomen and Pelvis Without and With IV Contrast
	MRI Abdomen and Pelvis Without IV Contrast
	MRI Abdomen Without and With IV Contrast With MRCP
	MRI Abdomen Without IV Contrast With MRCP
	US Abdomen Endoscopic


	Summary of Highlights
	Supporting Documents
	Gender Equality and Inclusivity Clause
	Relative Radiation Level Information
	References


