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KEY POINTS

� Accurate neuroendocrine tumor (NET) imaging assessment and follow-up require familiarity with
the entire range of disease sites, morphologic manifestations, as well as the impact of the various
therapeutic options on clinical course.

� The variable conspicuity of NETs requires multiple phases of contrast enhancement to detect both
tumor recurrence and metastasis. Although these tumors are typically hypervascular, they may
exhibit little or no enhancement on the arterial phase and be optimally identified only on the
porto-venous phase.

� 68Ga-DOTA-SSTR imaging is indicated for initial staging, detection of occult disease, diagnosis of
recurrence, patient selection before peptide receptor radionuclide therapy, and disease confirma-
tion in sites not amenable to biopsy.

� Transcatheter arterial embolization strategies show similar response outcomes, but differ impor-
tantly on their toxicity with reports of increased risk for biliary injury in patients with NET after che-
moembolization using drug-eluting beads (DEB-TACE).

� Objective measurements used in RECIST 1.1 do not always offer the most accurate evaluation for
targeted therapy response. Alternative response criteria using lesion attenuation and morphology
offer promising results and seem better suited to assess response to target agents.
INTRODUCTION

Neuroendocrine neoplasms are a heterogeneous
group of tumors that arise from cells that are distrib-
uted throughout the body, including central nervous
system, thyroid, parathyroid glands, larynx, breast,
as well as the respiratory, gastrointestinal, and uro-
genital tracts. The lungs (22%–27%) and gastroin-
testinal tract (62%–67%) are the most common
primary sites.1 Given the wide variety of disease
sites and clinical behavior, the treatment of neuro-
endocrine tumors (NETs) requires a multidisci-
plinary approach. Endocrine surgeons offer
curative treatment for patients with locoregional tu-
mors, endocrinologists and gastrointestinal
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medical oncologists offer a gamut of systemic ther-
apeutic options, whereas radiologists aid in the
diagnosis, treatment, and palliation of unresectable
metastatic disease.

NETs account for approximately 0.5% of all
newly diagnosed malignancies. The incidence is
approximately 6.98/100,000 per year.2,3 These tu-
mors can arise in association with multiple endo-
crine neoplasia syndrome, von Hippel-Lindau
syndrome, neurofibromatosis, tuberous sclerosis,
but are in the great majority sporadic in nature.
The management of NETs is predicated on histo-
logic classification of NETs, which separates tu-
mors into well-differentiated (G1) characterized
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by slow growth; moderately differentiated (G2)
with heterogeneous differentiation; (G3) displaying
poor-differentiation; and undifferentiated or
anaplastic (G4).3 Imaging plays a central role in
the diagnosis, workup, and monitoring of patients
with NET. Establishing the site of the primary tu-
mor has critical prognostic implications, as a com-
bination of NET site, grade, and stage (local,
regional, or distant) are the determinants of man-
agement and clinical outcome. Patients with pri-
mary rectal NETs have the best prognosis,
followed by small intestine, lung/bronchus, stom-
ach, and colon. Patients with pancreatic NET
have the highest mortality risk.4

Local and regional disease is typically managed
with surgical resection, whenever possible. How-
ever, the treatment of patients with NET with
higher grade, unresectable or metastatic disease
can be complex involving a combination of sys-
temic targeted agents, as well as transarterial
embolization and peptide receptor targeted thera-
pies and will be discussed in detail. The most
important concept in modern NET workup is that
an optimal diagnostic strategy requires combina-
tion of both anatomic and functional imaging mo-
dalities. This combined approach enables a more
accurate identification of the primary disease site
and disease staging. Because of their unique
symptomatology, NETs often present with un-
known primary site of disease, despite adequate
cross-sectional imaging workup, and 68Ga-DOTA-
TATE PET can now diagnose these lesions with
great sensitivity.5 Finally, functional imaging is
essential to select ideal candidates for peptide re-
ceptor radionuclide therapy (PRRT).
TREATMENT CONSIDERATIONS AND
EXPECTED OUTCOMES

In cases with limited metastases, surgical resec-
tion of the primary tumor and metastases is
possible. Overall survival rate was 50.4% at
10 years after resection in one study, and system-
atic review estimates overall survival to be 41% to
100% at 5 years after resection.6 Surgical resec-
tion of gastrointestinal NETs showed overall sur-
vival rates to be 84%, 67%, and 31% at 5 years,
10 years, and 20 years after resection, respec-
tively, with overall median survival at 161 months.
Recurrence after resection is expected, but
decreasing tumor burden has been shown to
improve symptoms and quality of life in patients.7

Imaging is an integral part of the management
and follow-up of patients with advanced locore-
gional or distant disease. Approximately 40% to
50% of patients with NET present with metastatic
disease at initial diagnosis.8 Treatment for these
patients encompasses long established ap-
proaches, such as somatostatin analogs to reduce
both tumor growth and symptomatology and liver-
directed therapies, reserved for patients with met-
astatic liver disease, particularly those with poorly
controlled carcinoid syndrome. Modern ap-
proaches using precision medicine targeted thera-
pies are used as systemic antitumor agents, and
finally, peptide receptor radionuclides therapies
are typically indicated for metastatic tumors
expressing somatostatin receptors. Familiarity
with the expected objective response and time to
progression of each of these therapeutic ap-
proaches is required to establish optimal treat-
ment surveillance strategies.
SOMATOSTATIN ANALOGS

Somatostatin analogs (SSAs), namely octreotide
and lanreotide, were originally used to modulate
hormonal effects and growth of NET tumor cells
by binding somatostatin receptors. These agents
remain as the first-line management and therapy
for NETs and have a remarkably successful history
over decades.9 These therapies take advantage of
somatostatin receptor overexpression character-
istic of NETs. Initially, these agents were used
mainly to regulate symptoms of hormone excess
from carcinoid syndrome; they are now increas-
ingly used also to control tumor growth. Octreotide
was shown to increase median times to tumor pro-
gression to 14.3 months as compared with
6 months in the placebo group (PROMID trial,
P 5 .000072).10 Stable disease was maintained
in 66.7% of the octreotide group and 37.2% of
the placebo group after 6 months of treatment.
Lanreotide treatment for 2 years was shown to in-
crease progression-free survival (PFS) in patients
with locally advanced or metastatic nonfunc-
tioning pancreatic or intestinal NETs as compared
with placebo (CLARINET study). Length of PFS
was not obtained in the lanreotide group but was
shown to be at least 24 months and is estimated
to be 32.8 months during open label data
collection.11
IMAGE-GUIDED LIVER-DIRECTED THERAPIES

Advances in image-guided liver-directed therapies
have led to improved outcomes for patients with
liver metastases (Fig. 1). Improvements in cathe-
ters, embolic agents, chemotherapy drugs, and
delivery systems have been linked to further tech-
nical breakthroughs sparking interest in combina-
tion approaches with systemic therapies. Median
overall survival for patients with NET with liver me-
tastases is less than 5 years.4 Image-guided tumor



Fig. 1. Long-term (>5 years) disease control by using a combination of different image-guided local therapies. A
65-year-old woman with intermediate-grade pancreatic neuroendocrine tumor metastatic to the liver referred to
interventional radiology after disease progression on lanreotide, everolimus, and sunitinib. After successfully un-
dergoing RFA for initial dominant lesion in right liver, transcatheter arterial embolization was used to treat re-
maining liver lesions resulting in durable complete response. (A) Axial contrast-enhanced computed
tomography shows a ring-enhancing metastatic lesion in right liver. (B) Axial contrast-enhanced computed to-
mography shows optimal post ablation defect with complete coverage of target lesion. (C) Axial contrast-
enhanced CT shows a separate metastatic lesion in the right liver considered too large for RFA and referred
for transcatheter arterial hepatic embolization. (D) Axial contrast-enhanced CT shows separate enlarging lesion
in left liver. (E) Digital subtraction angiography of left hepatic artery during left liver lesion embolization. (F)
Axial contrast-enhanced CT shows complete resolution of both right and left liver lesions after TAE.
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ablation is considered a potential first-line treat-
ment in many patients with single and/or small liver
tumors, and it can be accomplished using chemi-
cal agents or thermal energy. Chemical ablation
can be achieved by direct intratumoral percuta-
neous ethanol injection and, less commonly,
ablation using acetic acid or chemotherapeutic
agents that induce tumor cell death. Thermal abla-
tion modalities include high-energy radiofre-
quency ablation (RFA) and microwave ablation
(MWA); these procedures can be performed under
imaging guidance by interventional radiologists or
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by surgeons in the operating suite. A systematic
review of studies evaluating the use of ablative
techniques for neuroendocrine liver metastases
combining both percutaneous (26%) and surgical
(74%) approaches for a total 595 patients showed
local recurrence rates of approximately 20% on
contrast-enhanced computed tomography (CT)
of the thorax, abdomen, and pelvis within
2 years.12–14 Transarterial embolization, chemo-
embolization, and radioembolization consist of
transcatheter intra-arterial delivery of a single or
combination of embolic agents, chemotherapy
drugs, or radioactive microspheres into a liver tu-
mor. These treatments are based on the fact that
blood flow to liver neoplasms is supplied virtually
entirely through the hepatic artery, whereas supply
to the normal liver parenchyma occurs predomi-
nantly through the portal vein. Moreover, tumor
ischemia caused by embolization of the dominant
arterial supply has a synergistic effect with the
chemotherapeutic drugs. Only retrospective data
are available comparing the different modalities
in metastatic NET context with expected imaging
response rates ranging between 60% to 95%. A
retrospective multicenter study assessing 155 pa-
tients with NET with liver metastases undergoing
conventional transarterial chemoembolization
(TACE) (n 5 50), transarterial radioembolization
(TARE) (n 5 64), and transarterial embolization
(n 5 41) demonstrated equivalency between the
different modalities without significant differences.
Radioembolization showed a higher hazard ratio
for overall survival than chemoembolization (haz-
ard ratio 1.8, P5 .11). A more recent retrospective
study of 248 patients from 2 academic medical in-
stitutions comparing TACE (79%) and TARE (21%)
showed no difference in median overall survival,
but disease control rate was greater for TACE on
first posttreatment imaging. There was also no dif-
ference in PFS between TARE versus TACE
(15.9 months vs 19.9 months). Despite their similar
objective response outcomes, these different
embolization strategies differ importantly on their
toxicity with reports of increased risk for biliary
injury in patients with NET after chemoemboliza-
tion using drug-eluting beads transarterial chemo-
embolization (DEB-TACE).15,16 Based on these
studies, attention should be directed at diagnosing
early bile duct dilatation and intrahepatic bilomas
throughout DEB-TACE follow-up, since they may
require percutaneous drainage.
NEW TARGETED AGENTS

Better understanding of the molecular underpin-
nings of NET tumor growth has led to increased
role for molecular targeted agents in the treatment
of these tumors. Everolimus is an mTOR inhibitor
that is, used for patients with progressive, meta-
static gastrointestinal or bronchopulmonary tu-
mors. In the RADIANT-4 study, 302 patients with
progressive nonfunctional gastrointestinal tract or
lung NET were randomized to receive either ever-
olimus or placebo. Median PFS for the study was
11 months for patients undergoing treatment
with everolimus versus 3.9 months with placebo.
Everolimus was associated with a 52% reduction
in the estimated risk of progression or death (haz-
ard ratio 0.48, P<.00001) with infrequent grade 3 or
4 adverse events.17 National Comprehensive Can-
cer Network (NCCN) NET guidelines recommend
everolimus for patients with progressive metasta-
tic gastrointestinal tract NETs. In addition, a recent
subgroup analysis of the RADIANT-4 lung patients
showed a median PFS improvement of 5.6 months
with similar safety profile supporting the use of the
agent in patients with advanced nonfunctional
lung NET, as well.18 Vascular endothelial growth
factor (VEGF), a key driver of angiogenesis, is
also implicated in NET progression with prog-
nostic implications. In addition, NET tissues also
exhibit overexpression of platelet-derived growth
factor receptors (PDGFRs) and stem-cell factor re-
ceptor (c-kit). Sunitinib is a tyrosine kinase inhibitor
that exerts its antitumor activity by inhibiting
several of these pathways. A randomized,
double-blind, placebo-controlled phase 3 trial of
sunitinib in patients with advanced, well-
differentiated pancreatic neuroendocrine tumors
showed improved PFS (11.4 months in treatment
group vs 5.5 months in placebo group) and objec-
tive response rate of 9.3% in the sunitinib group.19
PEPTIDE RECEPTOR RADIONUCLIDE THERAPY

In the past decade, 68Ga-labeled SSTR analog
PET/CT has emerged as a more sensitive imaging
solution for NETs, due to the increased affinity of
these agents for somatostatin receptors subtype
2.20,21 Thus, the next logical therapeutic step con-
sisted of combining of one of these imaging iso-
topes with a therapeutic radioactive element, to
develop a targeted theranostic agent. PRRT is a
synthetic somatostatin analog that is radiolabeled
with lutetium 177 (177Lu-DOTATATE).22,23 PRRT is
emerging as the standard of care for patients with
inoperable low-grade (1 or 2) NETs expressing so-
matostatin receptors. Once bound to the SSTR 2
receptors, the radionuclide is internalized, and
cell death ensues due to lethal beta radiation.
The 2 most common radionuclides used for
PRRT are [yttrium-90 DOTA Phe-1-Tyr3-] Octreo-
tide (90Y-DOTATOC) and [Lutetitium-177 DOTA-
phe1-Tyr3]Octreotate (177Lu-DOTATATE). In
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2018, 177Lu-DOTATATE (Lutathera; Advanced
Accelerator Applications, Milburn, NJ) was
approved by the US Food and Drug Administration
for the treatment of SSTR-positive gastroentero-
pancreatic NETs, including foregut, midgut, and
hindgut tumors. NCCN guidelines recommend
Lu177-DOTATATE for low-grade and
intermediate-grade patients with NET who prog-
ress on SSAs. A phase III randomized study
(NETTER-1) evaluated 229 patients assigned to
177Lu -DOTATATE or high-dose octreotide. Pa-
tients treated with PRRT showed significant
improvement in PFS (not reached vs 8.4 months)
with objective imaging response observed in
18% of patients.24 A subsequent study including
610 patients with metastatic gastroenteropancre-
atic and bronchial NETs showed PFS and overall
survival for all patients of 29 months and
63 months.25
IMAGING TREATMENT RESPONSE AND
FOLLOW-UP

Optimal NET imaging assessment and follow-up
require familiarity the entire range of disease sites,
morphologic manifestations, as well as the impact
of the various therapeutic options on their clinical
course. Meticulous evaluation requires both sub-
jective and objective assessments, the latter
fundamental in the context of clinical trials and
currently dominated by size measurement(s).
Changes in lesion attenuation on CT, MR imaging,
and PET/CT can also be used as objective criteria
of response, but these criteria are not as univer-
sally accepted as changes in tumor size defined
by RECIST criteria.26 An accurate assessment of
treatment response should rely on changes in
lesion size and number; presence and magnitude
of contrast enhancement; and finally changes in
functional imaging. In addition to cursory mea-
surements of primary and nodal sites, an active
search for small peritoneal implants and bone me-
tastases should be systematically carried out
when evaluating follow-up scans for neuroendo-
crine patients. The indolent nature of NETs often
translates into several consecutive imaging
studies with minimal deviation from baseline
scans.27 Typically, imaging surveillance requires
more than a year to allow recognition of any appre-
ciable change. Finally, because most well-
differentiated NETs display increased vascular
density, a salient feature of NETs is their exuberant
enhancement on contrast-enhanced studies.
Thus, it is important to recognize that, when sub-
jected to antivascular therapies, objective
response rates may not provide the full picture of
treatment response; incorporation of both size
and magnitude of lesion enhancement is needed
to more accurately predict drug efficacy.28–30
ANATOMIC IMAGING

Multi-detector CT (MDCT) is a widely available
technique, with a high spatial and temporal resolu-
tion as well as multi-planar capabilities, which
makes it one of the modalities of choice in the
anatomic assessment of NETs.31 NETs are gener-
ally imaged using a multiphase imaging protocol
that incorporates precontrast scans followed by
late arterial phase (25–30 seconds), porto-venous
phase and delayed imaging. This technique should
be obtained with 100 to 120 mL of iodinated
contrast (Omnipaque 350; GE Health Care, Prince-
ton, NJ) injected at 3 to 5 mL/s with slices recon-
structed at 2.5 to 5 mm. The requirement of
multiple phases of contrast enhancement reflects
the variable conspicuity of these tumors, seen in
both the primary tumor and liver metastases. In
some studies, the tumors are more conspicuous
on the arterial phase, and in other studies they
are better seen on the porto-venous phase. This
is because although these tumors are traditionally
viewed as hypervascular, they may have little or no
enhancement on the arterial phase and may be
optimally identified only on the portal phase.32

The precontrast series is an underappreciated
but essential element of the imaging protocol for
NET liver metastasis, as some liver metastases
may only be evident on this acquisition.33 This
basic multiphase CT protocol is not only ideal for
the diagnosis and follow-up liver metastases but
also for the detection and definition of regional
extent of pancreatic neuro-endocrine tumors.
However, the protocol needs slight modification
for the localization of small bowel tumors; this
evaluation may be performed with CT enterogra-
phy using a negative or low attenuating oral
contrast agent to distend the bowel.31

Regarding liver metastases, MR imaging pro-
vides an alternative and reliable imaging modality
for NET surveillance (Fig. 2). The imaging protocol
relies on a similar use of multiphase postcontrast
imaging to CT, using a T1-weighted fat-suppressed
breath-hold 3-dimensional gradient-recalled echo
sequence and includes the acquisition of precon-
trast, arterial phase, porto-venous, equilibrium
and delayed phases, (typical parameters 3 mm,
288 � 155, 1 NEX). In addition, the protocol in-
cludes a T2-weighted fast spin echo sequence
with fat suppression (5 mm, 128 � 156, 3 NEX), a
diffusion-weighted sequence (b values 0, 600,
1000; 5 mm, 128 � 102, 6 NEX) (Table 1). The
use of diffusion-weighted imaging has shown
improved sensitivity in the detection and



Fig. 2. Early recurrence after curative surgery emphasizes the need for close follow-up. A 62-year-old woman
with G2 pancreatic NET metastatic to the liver referred for curative surgery. After successfully undergoing surgical
resection of primary and 4 separate lesions, the patient presented with early recurrence and is currently treated
with lanreotide. (A) Axial post contrast fat-saturated MR image shows a peripherally enhancing hepatic lesion.
(B) Axial 68Ga-DOTATATE PET/CT image showing a segment 7 liver lesion with SUV 32.7, consistent with metas-
tasis. (C) Axial contrast-enhanced CT shows successful surgical resection of target lesions. (D) Axial post contrast
fat-saturated MR image obtained 3 months after surgery shows a new enhancing hepatic metastasis, consistent
with early recurrence.
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characterization of NET liver metastasis.34 When
needed for problem solving, MR imaging can be
performed with liver-specific contrast, where the
absence of contrast accumulation within the tumor
on the images acquired 20 minutes after injection
allows for a sharp tumor-to-normal liver interface.
One downside to keep in mind when using exclu-
sively MR imaging for follow-up is the greater diffi-
culty to detect small peritoneal implants in
comparison to CT.
FUNCTIONAL IMAGING

Diagnostic indium (111In-penteotride) and, more
recently, gallium-1,4,7,10-tetraazacyclodode-
cane-N,N0,N00-tetraacetic-somatostatin receptor
(68Ga-DOTA-SSTR) tracers can be used to visu-
alize and quantify the increased expression of
somatostatin receptors in patients with NET.
Whole-body planar imaging without or with
single-photon-emission CT (SPECT) 111In scans
have been the cornerstone of NET functional imag-
ing since 1994. Recently, 68Ga-labeled SSTR
analog PET/CT supplanted 111In imaging, due to
its increased sensitivity and lower radiation dose.
68Ga-DOTA-SSTR imaging is now indicated for
NET initial staging, detection of occult disease,
diagnosis of recurrence, patient selection before
PRRT, as well as disease confirmation in sites
not amenable to biopsy.35,36 68Ga -DOTA-SSTR
PET/CT is particularly useful in detection of recur-
rent NET.20 Several studies have shown that, when
compared with MDCT alone, addition of 68Ga-
SSTR scans, improved detection of disease recur-
rence during NET treatment follow-up imaging
and, more importantly, resulted in change in pa-
tient management. In a series of 143 patients
with metastatic pancreatic and small intestine
NETs undergoing surveillance with cross-
sectional imaging consisting of MDCT every
6 months and 68Ga-DOTA PET/CT yearly, func-
tional imaging affected management in 73.4% of
patients, including both octreoscan (32.7%) and
DOTA scan (36.9%). Functional imaging detected
75.8% of new lesions, including 29.3% that were
missed by MDCT.5 The optimal timing for 68 Ga
-DOTA-SSTR PET/CT imaging remains undeter-
mined with most consensus guidelines recom-
mending routine surveillance with SSTR PET
imaging only for patients with disease that is,
only seen predominantly on SSTR PET/CT or at
the time of clinical or biochemical disease progres-
sion.37 Decreased 68Ga-DOTATATE uptake in tu-
mors after the first cycle of PRRT predicts time



Table 1
MR imaging scan parameters for follow-up imaging

MRI Parameter ABD Cor T2
ABD Ax
Dualecho Ax T2 DC ABD Ax 3D T1 DC ABD Ax DWI

Pulse
sequence

2D Spin Echo 2D SPGR 2D FSE 3D LAVA 2D Spin Echo

Imaging
option

NPW, EDR,
TRF, Fast,
ZIP512,
SS, ARC

EDR, Fast,
ZIP512,
Asset

FC, EDR,
TRF, Fast,
ZIP512,
Nav

EDR, Fast, ZIP512,
ZIP2, ARC

EDR, EPI, DIFF,
Asset, Nav

TR, ms 590.9 220.0 N/A 3.6 N/A

TE, ms 140 2.1/4.4 85 1.7 67.6

Flip angle,
deg

N/A 85 N/A 12 N/A

RBW, Hz 62.50 62.50 41.67 62.50 250.00

FOV, cm 38 � 38 38 � 30.4 38 � 30.4 38 � 30.4 38 � 30.4

Slice
thickness,
mm

5 5 5 6 5

Spacing, mm 0 0 0 �3 0

Frequency
encoding

256 256 256 256 96

Phase
encoding

224 192 192 192 128

NEX 1 1 2 1 50: 1
400: 3
800: 6

Number
of slices

53 51 53 Locs per Slab: 50 61

Scan time,
min:s

0:31 0:57 5:00 0:15 7:45

Acceleration Phase: 2.5 Phase: 2 Phase: 1 Phase: 1.5
Slice: 1

Phase: 2

B-Value,
s/mm2 (NEX)

N/A N/A N/A N/A 50, 400, 800

Abbreviations: ABD, abdominal; ARC, autocalibrating reconstruction for cartesian imaging; FOV, field of view; EDR, ECG
derived respiration; N/A, not applicable; NPW, no phase wrap; RBW, receiver bandwidth; TE, echo time; TR, repetition
time; TRF, tailored radiofrequency; 2D, 2-dimensional.
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to progression and clinical improvement in pa-
tients with well-differentiated NETs.27
RESPONSE ASSESSMENT

RECIST 1.1 criteria are the mainstay for response
evaluation and rely on changes in the largest diam-
eters of target lesions before and after treatment.26

Response is categorized in 1 of 4 groups based on
the percentage of decrease or increase in the sum
of the largest diameters of the target lesions. While
measuring diameters of hepatic tumors with
contrast-enhanced CT is objective, the main limi-
tation in the context of NETs is to accurately
localize the tumor margins. However, objective
measurements used in RECIST 1.1 do not always
offer the most accurate evaluation for targeted
therapy response, given the slow-growing nature
of tumors like NETs.29 Alternative response criteria
using not only lesion attenuation, but also
morphology offer promising results and seem bet-
ter suited to assess response to target agents.38

These studies, although limited, have established
the relevance of such criteria and emphasized
the need for more investigation (Fig. 3).

Response to hepatic regional therapy performed
with bland embolization, chemoembolization, or
radioembolization is also based on change in size
and attenuation secondary to decrease in enhance-
ment and development of necrosis. Posttreatment



Fig. 3. Successful treatment of advanced metastatic NET with PRRT with follow-up study showing multiple areas
of tumor necrosis in the dominant lesion without any appreciable change in the lesion greatest diameter. The
findings illustrate the fact that RECIST 1.1. criteria are not always accurate in determining treatment response.
A 46-year-old woman with G2 sigmoid NET metastatic to the liver referred for PRRT. (A) Axial contrast-
enhanced CT shows large centrally-necrotic liver metastasis. (B) Axial 68Ga-DOTATATE PET/CT image demonstrates
that the mass is somatostatin-avid with SUV 18.95. (C) Axial SPECT/CT obtained 24 hours after administration of
210 mCi of 177Lu-DOTA-Octreotate shows expected localization to active liver lesion. (D) Axial contrast-enhanced
CT obtained 6 weeks after therapy shows multiple new areas of decreased attenuation in the previously
enhancing component of the dominant liver metastasis, consistent with treatment response.
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imaging is typically performed 6 to 8 weeks after the
procedure. It is important to note that TARE pa-
tients may exhibit a decrease in target tumor size
up to 4 to 6 months after treatment.39 In cases
with a persistent area of enhancement, it is impor-
tant to monitor the enhancing tissue for growth;
the absence of growth is compatible with response
and observation is appropriate in this situation. Tu-
mor viability can be predicted by persistent
enhancement on scans performed earlier, and the
observation of a decrease in the degree of tumor
enhancement might also be delayed.40 Response
evaluation after RFA follows the same principles
as with other tumor types, and the most important
predictor of recurrence is the size of the ablative
margin, which can be evaluated by comparing pre
and post procedure studies.41
SPECIFIC IMAGING CONSIDERATIONS
Functional Imaging Selection of Potential
Peptide Receptor Radionuclide Therapy
Candidates

111In scintigraphy has a well-established semi-
quantitative scoring system to determine degree
of radiotracer uptake on octreoscan. This scale
was conceived for planar imaging and consists
of comparing the target uptake to the uptake in
the liver or spleen. The relative uptake score
ranges from none (0), much lower than liver (1),
slightly less than or equal to liver (2), greater than
liver (3) and greater than spleen (4).42 Such stan-
dardized criteria are still being developed for
PET/CT studies, but growing evidence supports
the use of 68Ga-DOTA-SSTR uptake to select
optimal candidates for PRRT, as well as a reliable
predictor of treatment response. Using the
maximum standardized uptake value (SUVmax)
of 68Ga-DOTA-Phe-1–Tyr3—octreotide (DOTA-
TOC), Kratochwil and colleagues43 demonstrated
significant differences in values for SSRT2
expressing lesions exhibiting response to PRRT
(33.55 � 4.62) versus non-responding lesions
(18 � 3.59) with a proposed cutoff value of 16.4
to select patient for treatment. In a more recent
study, 55 patients with metastatic NETs with un-
controlled symptoms or disease progression,
baseline, single lesion SUVmax predicted both
response and PFS with tumoral SUVmax corre-
lating with SSTR2 expression and a SUVmax
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cutoff of 13 yielding high specificity and sensi-
tivity.44 Important pitfalls of PET SSTR imaging
include physiologic distribution in the pituitary,
thyroid, and adrenal glands, as well as the head
of pancreas, where it can be particularly chal-
lenging to distinguish between benign versus ma-
lignant uptake. In addition, focal areas of
inflammation and infection can lead to false-
positives.

Role of Transarterial Radioembolization in the
Age of Peptide Receptor Radionuclide
Therapy

With the advent of PRRT as treatment of choice for
patients with advanced metastatic NET, the role of
TARE in the NET treatment algorithm is being
revisited, due to potential of increased risk for
radiation-induced liver damage with cumulative
radiation doses.45 In a single-institution retrospec-
tive analysis including 106 patients undergoing
TARE, of whom 54% had a NET diagnosis, chronic
hepatotoxicity (occurring at least 6 months after
treatment) was observed in 13% of patients. Tu-
mor involvement greater than 50% of liver paren-
chyma and cirrhosis were the comorbidities most
commonly associated with this outcome. A sepa-
rate study including solely patients with NET
treated with TARE revealed that bilobar treatment
was associated with increased long-term risk for
portal hypertension.46 Given this theoretic risk,
TARE should be used for patients with NET
without somatostatin receptor expression and in
patients with history of prior biliary tract instrumen-
tation, due to lower risk of hepatobiliary infection,
when compared with thermal ablation, TAE, and
TACE.47

SUMMARY

The management of NETs continues to evolve and
effective therapeutic options are increasingly
available, even for patients with advanced dis-
ease. Management of these complex patients
often requires a combination of 2 or more modal-
ities. Modern imaging strategies provide anatomic
and functional information to help guide appro-
priate selection of best treatment approaches.
The recent approval of 68Ga-DOTA-SSTR imaging
has changed the role of imaging in the initial stag-
ing, detection of occult disease, diagnosis of
recurrence, patient selection before PRRT, and
disease confirmation in sites not amenable to bi-
opsy. PRRT is emerging as the standard of care
for patients with inoperable low-grade (1 or 2)
NETs expressing somatostatin receptors and ad-
vances in image-guided liver-directed therapies
have led to improved outcomes for patients with
liver metastases. Imaging of NETs treatment and
follow-up after these novel therapies will help
determine treatment combinations with best
long-term outcomes.
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