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KEY POINTS

� Computed tomography and magnetic resonance imaging obtained for a known or sus-
pected neuroendocrine tumor should include multiphase contrast-enhanced imaging of
the abdomen.

� 64Cu-DOTATATE is considered equivalent to 68Ga-labelled agents; it offers logistical ad-
vantages of remote production of the radiopharmaceutical and flexible scanning times.

� High-grade neuroendocrine tumors demonstrate FDG uptake, usually with a concomitant
decrease in somatostatin receptor expression. FDG uptake is an important negative prog-
nostic factor.

� Changes in standardized uptake values alone on somatostatin receptor positron emission
tomography after peptide receptor radionuclide therapy should not be interpreted as dis-
ease response or progression. The changes in size on anatomic imaging and appearance
or resolution of lesions on somatostatin receptor positron emission tomography should be
used instead.
INTRODUCTION

Neuroendocrine neoplasms (NENs) are a diverse group of tumors originating from
neuroendocrine cells present throughout the body.1 These tumors share common
morphologic, histologic, and biochemical features; the majority express somatostatin
receptors (SSTRs) on the cell surface, which can be used as imaging and therapeutic
targets.2
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Szidonya et al2
NENs include the well-differentiated neuroendocrine tumors (NETs) and the poorly
differentiated neuroendocrine carcinomas (NECs). These tumors are classified based
on their proliferation index (or Ki-67) and mitotic count. The 2010 and 2017 World
Health Organization (WHO) classifications are detailed in Table 1. The most important
change brought by the 2017 classification for pancreatic NETs (PNETs) is further
dividing G3 tumors into well-differentiated G3 NETs (Ki-67 > 20%, however, <50%–
55% typically) and NECs (high-grade by definition, with poorly differentiated
morphology and Ki-67 > 20%, most commonly �50%–55%). NECs display more ma-
lignant features and biological behavior and include the small-cell and large-cell
types.3 In 2018, the International Agency for Research on Cancer and WHO expert
consensus proposal expanded the 2017 WHO classification of PNETs to NETs of
the gastrointestinal (GI) tract,3 a change that has been reflected in the 2019WHO clas-
sification of tumors of the digestive system.4

Anatomic Imaging

NETs are often discovered incidentally on computed tomography (CT) scans per-
formed for other indications. Whenever a CT or a magnetic resonance imaging
(MRI) is obtained for a known or suspected NET, it should be performed with multi-
phase contrast-enhanced imaging of the abdomen. Most primary PNETs and hepatic
metastases are hyperenhancing and better visualized on the arterial phase (Figs. 1
and 2); however, due to tumor heterogeneity, even within the same individual, some
tumors may be hypoenhancing and better detected on standard portal venous or
delayed phases (see Fig. 2; Fig. 3).5–7

CT detection rate of primary PNETs is high, estimated at 80% to 100%8 but it is
much lower for primary small bowel NETs, reported to be around 50%.5,9

MRI is superior to CT for the detection of hepatic metastases.10,11 Two particularly
helpful sequences are diffusion-weighted imaging,12 and delayed postcontrast phase
using hepatospecific contrast agent (or Gadoxetic acid), which is considered the most
sensitive tool for the detection of hepatic metastases.12–14

Several imaging features on CT and MRI have been associated with a high-tumor
grade: large tumor size (>2 cm), ill-defined tumor margins, low arterial hyperenhance-
ment, presence of pancreatic duct dilatation, nonbright T2 signal, and most impor-
tantly, high diffusion restriction on MRI.15
Table 1
Comparison of the 2010 and 2017 World Health Organization classifications for grading
neuroendocrine neoplasms of the gastrointestinal (GI) tract and pancreas

Classification/Grade

2010
2017 (Pancreas, Later Expanded to GI

Tract in 2019)

Mitotic
Ratea Ki-67%

Mitotic
Rateb Ki-67%

G1 (Low grade) <2 �2% <2 <3%

G2 (Intermediate grade) 2–20 3%–20% 2–20 3%–20%

G3 (High grade) >20 >20% Well-differentiated NETs
>20 >20%, typically <50%–55%
Poorly differentiated NECs
>20 >20%, typically �50%–55%

a Per 10 HPF.
b Per 2 mm2.
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Fig. 1. PNET (arrows) on multiphase contrast-enhanced CT of the abdomen: precontrast (A),
arterial (B), and portal venous (C) phases, demonstrating arterial hyperenhancement with
subsequent washout. 64Cu-DOTATATE PET/CT axial fused (D) and maximum intensity projec-
tion (MIP) (E) images show intense uptake in the lesion and no evidence of metastatic
disease.
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Functional Imaging with Somatostatin Receptor Positron Emission Tomography
Agents

The SSTR expression on most NETs makes functional imaging with SSTR ligands
possible.16

The gamma camera imaging agent 111In-pentetreotide (OctreoScanTM, Curium US LLC,

Maryland Heights, MO, USA) was the first Food and Drug Administration (FDA)-approved
radiotracer for the functional imaging of NENs in 1994 but it has been replaced by
PET imaging agents, which are superior on all levels, as detailed in Table 2 (Fig. 4).15
Fig. 2. Hepatic metastases from G2 PNET. Multiphase contrast enhanced CT, arterial (A) and
portal venous (B) phases. Some lesions are arterially enhancing and seen only on the arterial
phase (yellow arrows), others are hypoenhancing and better visualized on the venous phase
(green arrows).

Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en National Library of Health 
and Social Security de ClinicalKey.es por Elsevier en noviembre 01, 2022. Para uso personal exclusivamente. No 

se permiten otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Fig. 3. G3 NET of the pancreatic tail, patient presenting with gastrointestinal bleed. Multi-
phase contrast-enhanced CT of the abdomen, arterial (A) and portal venous (B) phases. The
mass enhances on the arterial phase, with a tumor thrombus involving the splenic and por-
tal veins (yellow arrows), and collateral veins in the left abdomen (green arrows). Hyperen-
hancing liver metastasis is seen only on the arterial phase (blue arrow).

Szidonya et al4
Although there are some differences in the relative affinity of the different 68Ga-
labelled PET radiotracers to each subtype of SSTRs, they are considered clinically
equivalent:

� 68Ga-DOTATATE (NETSPOTTM, Advanced Accelerator Applications USA, Inc.
Millburn, NJ 07041): FDA-approved in 201617 and commercially available.

� 68Ga-DOTATOC: FDA-approved in 201918 but not commercially available.
� 68Ga-DOTANOC: not FDA approved yet.

In 2020, 64Cu-DOTATATE (DetectnetTM, Curium US LLC, Maryland Heights, MO,
USA) joined the list of FDA-approved and commercially available PET radiopharma-
ceuticals19 (detailed in later discussion).
A multidisciplinary group convened by the Society of Nuclear Medicine and Molec-

ular Imaging (SNMMI) developed appropriate use criteria (AUC) for these agents, pub-
lished in 2018.20 The most appropriate indications are detailed in Table 3 (see Fig. 1;
Figs. 5–10).
In November 2020, an update to the AUC was published, adding 64Cu-DOTATATE

to the list of accepted SSTR PET radiopharmaceuticals, along with a new appropriate
indication, which is the restaging of patients after PRRT.21 The update also indicates
that the number of SSTR PET scans performed during a patient’s lifetime should not
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Table 2
Comparison between the commercially available NET imaging agents

111In-pentetreotide Scan 68Ga-DOTATATE PET 64Cu-DOTATATE PET

Brand name OctreoScan NETSPOT Detectnet

Diagnostic accuracy Good Significantly superior to OctreoScan for
detection of small lesions (particularly
lung and bone)

Slightly more superior to 68Ga agents for
detection of small lesions (particularly
lymph nodes)

Patient convenience Two-day protocol (imaging @ 4 and 24 or
24 and 48 h postinjection [p.i.])

One-day protocol (imaging @ 40–90 min
p.i.)

One-day protocol with more flexible
uptake period (imaging @ 45–180 min
p.i.)

Physical T1/2 67.3 h 1.1 h 12.7 h

Injection dose 111/222 MBq (planar/SPECT) 2 MBq/kg, up to 200 MBq 148 MBq

Radiation dosea Higher (13 mSV/111 MBq 26 mSv/222
MBq)

Lower (3.15 mSv/150 MBq) Lower (4.7 mSv/148 MBq)

Availability Readily available Commercially available in most areas but
can be limited by 68Ge/68Ga generator
availability

Commercially available as ready-made
vials, can be distributed to centers
without cyclotrons

a Excluding radiation from low-dose CT (CTs of SPECT/CT or PET/CT).
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Fig. 4. Patient with resected small bowel NET. Faint liver lesions are seen on OctreoScan
planar images (A) at 24 hours, more visible on SPECT/CT (B, yellow arrow), with additional
peritoneal disease (red arrows). 68Ga-DOTATATE PET/CT (C) shows much more extensive liver
and peritoneal metastases (red arrow) and 2 rib lesions.

Szidonya et al6
be limited, since SSTR PET plays an important role in disease management at various
times. In a patient with stable disease on anatomic imaging, SSTR PET may be helpful
every 2 to 3 years, to ensure that there is no disease progression with lesions occult on
CT or MRI.

Pitfalls in Somatostatin Receptor Positron Emission Tomography Interpretation

Recognizing the physiologic distribution of the radiopharmaceutical and potential
false positives and false negatives is crucial for an accurate interpretation of the scan.
A common pitfall is the physiologic uptake in normal or hypertrophic pancreatic islet

cells, which can demonstrate focal uptake, most commonly present in the uncinate
process (see Fig. 5) but can also be seen elsewhere in the pancreas, such as the
pancreatic tail.22,23 Generally, a higher degree of uptake is seen in NETs relative to
the physiologic uptake in islet cells24–26 but standardized uptake values (SUVs) over-
lap and there is no clear cutoff. Imaging features that can help differentiate include the
ill-defined margins of the physiologic uptake, the curvilinear appearance when located
in the uncinate process,27 and most importantly, the absence of corresponding lesion
on multiphase contrast-enhanced anatomic imaging.
Another frequent pitfall is physiologic uptake in splenic tissue. Heterotopic intra-

pancreatic accessory spleen (splenule) canmimic NET on CT or MRI. In fact, splenules
can be found anywhere in the abdomen and can be misdiagnosed as metastatic
lymph nodes or implants. It is important to recognize that SSTR PET is not an appro-
priate test to differentiate NET from a splenule, as both entities show intense uptake on
this scan.28 99mTc-heat damaged red blood cells or 99mTc-sulfur colloid Single Photon
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Table 3
Most appropriate indications for somatostatin receptor PET, based on the appropriate use
criteria published by the Society of Nuclear Medicine and Molecular Imaging

Indication Comments

Initial staging after histologic diagnosis of
NETs

SSTR PET is superior to both conventional
imaging (CI) and SSTR scintigraphy, making
it the modality of choice for staging (see
Figs. 1 and 5)

Localization of unknown primary tumor in
patients with known metastatic disease

Even when metastatic, localization of the
primary site is important to guide
treatment. SSTR PET helps localize the
primary in patients who are left with
unknown primaries after initial workup
(see Figs. 6 and 7)

Selection of patients for SSTR-targeted
peptide receptor radionuclide therapy
(PRRT)

Eligibility for PRRT is determined by
translating the Krenning score to the
maximal intensity projection image from
SSTR PET

Staging of NETs before planned surgery Cytoreduction or surgical debulking,
although noncurative, helps improve
survival for patients with metastatic
disease predominantly to the liver and
abdominal lymph nodes. SSTR PET allows
evaluation of nonresectable extrahepatic
disease (most commonly to bones), which
when extensive, may reduce the benefits
of cytoreduction

Evaluation of mass suggestive of NET but not
amenable to endoscopic or percutaneous
biopsy

For example, mesenteric mass or ileal lesion

Monitoring of disease seen predominantly
on SSTR PET

Osseous lesions in particular are frequently
occult on CT, making SSTR PET useful for
routine follow-up (see Fig. 8)

Evaluation of patients with biochemical
evidence and symptoms of NET but
without evidence on anatomic imaging
and prior histologic diagnosis of NET

Although the yield is low, SSTR PET is
nonetheless cost-effective, as a negative
scan could prevent further diagnostic
workup

Restaging at time of clinical or biochemical
progression, without evidence of
progression on anatomic imaging

It is very important to keep in mind the
superiority of SSTR PET to CI in such
scenarios: A lesion seen for the first time on
SSTR PET, and is occult on CI, remains of
unknown chronicity, and does not indicate
disease progression. Similarly, comparison
between 64Cu-DOTATATE and 68Ga-
DOTATATE PET requires careful
consideration to differentiate between
true new lesions vs better visualization of
preexisting ones (see Fig. 14)

New indeterminate lesion on anatomic
imaging, with unclear progression

SSTR PET may be useful both to verify that a
new lesion is a NET (in case of uptake) or
raise the suspicion of tumor
dedifferentiation (in case of decreasing or
low uptake)

(continued on next page)
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Table 3
(continued )

Indication Comments

Restaging of patients post-PRRT (added in the updated AUC in 2020)
SSTR PET serves as a new baseline.
Caution not to use changes in SUV as an

indicator for disease response or
progression. Appearance of new lesions or
resolution of preexisting lesions should be
used instead (see Figs. 9 and 10)

Fig. 5. Initial staging, patient with G1 ileal NET (Ki-67 < 3%). 68Ga-DOTATATE PET/CT MIP im-
age (A), and transaxial fused image (B) showing the primary tumor in the terminal ileum
(red arrow) and no evidence of metastatic disease. Note the classic physiologic uptake in
the uncinate process (yellow arrow).

Szidonya et al8
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Fig. 6. Patient with hepatic lesions, biopsy proven G2 NET metastases with Ki-67 of 4%, of
unknown primary. 64Cu-DOTATATE PET MIP (A) and fused transaxial images (B) show intense
uptake in the liver metastases, and localize the primary NET in the small bowel (arrow).

Imaging of Neuroendocrine Tumors 9
Emission Computed Tomography (SPECT)/CT can help differentiate because splenic
tissue shows uptake with these 2 agents, whereas NETs do not (Fig. 11).29,30 Alterna-
tively, MRI with superparamagnetic iron oxide (Ferumoxytol) can be used to differen-
tiate, if available.31

Meningiomas demonstrate intense uptake and are frequently detected on SSTR
PET as an incidental finding. Additional potential pitfalls include osteoblastic activity
(degenerative bone changes, fibrous dysplasia, healing fractures, and vertebral hem-
angiomas) and inflammatory processes (reactive lymph nodes, infection); however,
lower level of uptake can help differentiate these benign lesions from NETs (Fig. 12).27

Comparison Between 64Cu-DOTATATE and 68Ga-DOTATATE/TOC

The physiologic distribution of 64Cu-DOTATATE (Detectnet) is similar to that of 68Ga-
DOTATATE, except for less splenic uptake with 64Cu-DOTATATE (Fig. 13). The longer
half-life allows production in a central location and distribution to local PET centers,32

as well as more flexible uptake times, with no significant differences in the number of
lesions detected between 60 minutes and 180 minutes postinjection scans.33 The
positron fraction of 64Cu is only 18% (vs 89% for 68 Ga), which means fewer photon
counts are collected per minute for the same injected activity, necessitating optimiza-
tion of scanning parameters and protocols based on capabilities of various PET scan-
ners. Table 4 shows comparison of physical properties of 64Cu and 68Ga pertinent to
PET imaging.

64Cu-DOTATATE PET imaging is highly accurate in detecting NETs. A prospective
study with 63 subjects demonstrated 91% sensitivity, 97% specificity, 97% positive
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Fig. 7. 64Cu-DOTATATE PET performed for localization of unknown primary in a patient with
metastatic G1 NET, with liver, osseous, and lymph node metastases seen on MIP (A) Axial
fused images (B) show multifocal small bowel foci of uptake (arrows) representing multi-
focal primaries, which can be seen in 30% to 40% of small bowel NETs.

Szidonya et al10
predictive value, and 90% negative predictive value.34 Excellent diagnostic perfor-
mance of 64Cu-DOTATATE is comparable to that of 68Ga-DOTATATE/TOC. A head-
to-head comparison study of 64Cu-DOTATATE and 68Ga-DOTATOC in 51 patients
with NETs (mostly G1 and G2 gastroenteropancreatic [GEP] NETs) reported 100%
sensitivity and 90% specificity for both agents, with no difference on a patient basis.
However, significantly more true positive lesions were detected by 64Cu-DOTA-
TATE.35 The higher rate of detection was mostly in small-sized lesions, presumably
due to the shorter positron range of 64Cu that provides better spatial resolution
(Fig. 14, see Table 4).
In conclusion, 64Cu-DOTATATE is a safe and high-quality radioligand for NET imag-

ing, overall considered equivalent to 68Ga-labelled agents; however, due to its unique
physical properties, it requires optimization of imaging protocols and reconstruction
parameters. It provides logistic advantages for PET centers without access to 68Ga-
labelled agents.
Fluorodeoxyglucose Positron Emission Tomography in the Imaging of
Neuroendocrine Tumors

FDG PET uses a radiolabeled glucose analog that detects rapidly growing metaboli-
cally active tumors. GEP NETs demonstrate a “flip-flop” phenomenon in which low up-
take on FDG PET and high uptake on SSTR imaging characterize low-grade NETs
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Fig. 8. Initial staging of patient with G1 small bowel NET (Ki-67 < 3%). 64Cu-DOTATATE PET-
CT MIP image (A) shows diffuse osseous metastases. Transaxial images (B–D) show most
osseous metastases to be occult on CT (arrows).
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(Fig. 15), whereas more aggressive NETs demonstrate high uptake on FDG PET and
low uptake on SSTR imaging (Fig. 16).36 Although most current North American
consensus guidelines for the management of NETs do not mention the use of FDG
PET, there is growing recognition that FDG PET should be considered in the evaluation
Fig. 9. Patient with G1 metastatic PNET treated with PRRT. Pretherapy contrast-enhanced
abdominal CT (A, B) and 68Ga-DOTATATE PET (C) show liver, retroperitoneal, and osseous
metastases (arrows). Post-4 cycles of PRRT, decreased size of the liver metastases and retro-
peritoneal nodes on CT (D, E) (arrows), and resolution of several osseous and liver metasta-
ses on 64Cu-DOTATATE PET (F) (blue circles). Findings consistent with disease response.
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Fig. 10. Patient with G2 metastatic PNET treated with PRRT. 68Ga-DOTATATE (A, B) and 64Cu-
DOTATATE (C) PET and corresponding arterial phase abdominal CT (D–F). Images post-4 cy-
cles of PRRT (B, E) show disease response with resolution of the liver metastases (yellow ar-
rows) compared with pretherapy scans (A, D). Twenty-three months later, restaging scans (C,
F) show disease progression with multiple new liver lesions (red arrows).

Szidonya et al12
of G3 tumors and more aggressive G2 tumors (Ki-67 index between 10% and 20%) as
reflected in the recent European consensus guidelines.37 In addition, there is mounting
evidence that FDG PET may be a better prognosticating tool than the currently adop-
ted histologic grading system based on the Ki-67 index for low-grade and
intermediate-grade NETs (G1 and G2).38–42

As discussed above, within the high-grade group (Ki-67 > 20%), there exists a
“mixed grade” range of well-differentiated G3 tumors to poorly differentiated
NECs.43 This results in variability of uptake on FDG PET and SSTR imaging within
this heterogeneous group. Poorly differentiated carcinomas would be expected to
have less SSTR and high glucose metabolic activity, thus no or little uptake on
SSTR imaging and high uptake on FDG PET. However, high-grade well-differentiated
G3 NETs and more aggressive intermediate-grade G2 NETs can demonstrate uptake
on both FDG PET and SSTR imaging (Fig. 17).38,39,41,44–46 In this group, uptake on
SSTR imaging supports treatment with PRRT. However, FDG uptake in NETs
Fig. 11. Enhancing lesion in the pancreatic tail (arrow) on contrast-enhanced CT of the
abdomen (A). 99mTc-heat denatured RBC scan, fused transaxial SPECT/CT (B) and SPECT
only images (C) show uptake in the lesion confirming splenule.
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Fig. 12. (A) Arrow points to focal 68Ga-DOTATATE uptake in the right frontal bone, corre-
sponding to a benign meningioma. (B) Arrow points to mild focal 68Ga-DOTATATE uptake
in a vertebral body lesion , with a classic “corduroy” appearance on CT, consistent with a
benign hemangioma.
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demonstrating SSTR activity has been associated with less favorable overall survival
(OS) and progression free survival (PFS) after PRRT than NETs with no FDG up-
take.39,47 It has been recommended that patients with G3 and more aggressive G2
NETs undergo “complementary” FDG PET and SSTR imaging to determine if PRRT
is an appropriate treatment choice and to gauge prognosis of response to PRRT.37
Fig. 13. Physiologic distribution of 68Ga-DOTATATE (A) and 64Cu-DOTATATE (B), with less
intense splenic uptake (arrow) on the latter.
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Table 4
Comparison of physical properties of 64Cu and 68Ga and their implications

64Cu 68 Ga Implication

Half-life 12.7 h 1.1 h 64Cu allows for more flexible
scanning time and for remote
production in central locations
with delivery to each site

Positron energy
(maximum)

0.65 MeV 1.90 MeV 64Cu offers higher spatial
resolution, which improves
detection of small lesionsPositron range

(mean)
0.56 mm 3.50 mm

Production Cyclotron Generator/Cyclotron

Positron fraction 18% 89% Low signal-to-noise ratio with 64Cu
can be overcome by scanning
longer and using noise-reducing
reconstruction algorithms

Szidonya et al14
FDG PET has also been recommended in low-grade NETs with rapid progression or
with disease seen on CT/MRI with negative SSTR imaging (Fig. 18).37 Otherwise, uti-
lization of FDG PET in this group is not routinely recommended due to the slow growth
and low metabolic activity. These tumors demonstrate high uptake on SSTR imaging.
However, studies have shown that 49% of patients with G1/G2 tumors (and even
21%–40% with G1 disease) can have FDG uptake, which is associated with a worse
prognosis.38–40 This paradox may be explained by biopsy sampling error, tumor
Fig. 14. We are using this case of metastatic paraganglioma to illustrate the importance of
not relying solely on the degree of uptake to evaluate disease response post-PRRT, which in
this case, might be at least partially related to difference in physical properties between
68Ga and 64Cu. Initial 68Ga-DOTATATE PET/CT (A) and post-4 cycles of PRRT 64Cu-DOTATATE
PET/CT (B): Although more foci of uptake are seen in the lungs post-PRRT (B), the CT corre-
late shows all nodules to be stable or mildly decreased in size compared with (A), no new or
enlarging nodules; findings consistent with overall stable disease. The better spatial resolu-
tion of 64Cu can improve the detection of small lesions.
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Fig. 15. G2 PNET (Ki-67 4%) metastatic to the liver (arrows), demonstrating high SSTR
expression on64Cu-DOTATATE PET (A) and minimal uptake on 18F-FDG PET (B). Studies per-
formed 23 days apart.
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heterogeneity, and Ki-67 grading observer intervariability during initial evaluation as
well as tumor progression during the disease course.48,49 There may also be unknown
tumor characteristics that could promote tumor aggressiveness. The clinical rele-
vance of FDG uptake in these tumors has been demonstrated in a recent prospective
10-year follow-up study, which demonstrated a significantly longer 5-year OS (79% vs
35%) and PFS (49% vs 18%) in patients with negative FDG PET compared with pos-
itive FDG PET, also seen in a separate subanalysis of patients with G1 and G2 tu-
mors.39 This study also found that in the subset of patients who underwent PRRT,
93.5% were G1 or G2, and FDG-negative patients had longer OS.39 This finding sup-
ports a recent large retrospective study of post-PRRT patients in which FDG uptake
was an independent prognostic factor associated with decreased median OS.47

Several studies suggest that FDG uptake may be a better prognostic marker for strat-
ifying the metastatic potential and aggressiveness of low-grade and intermediate-
grade NETs than the Ki-67 index.40,41,44,50
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Fig. 16. Well-differentiated G2 PNET metastatic to the liver (Ki-67 10%–15%) and lungs (ar-
rows), demonstrating no significant SSTR expression on 64Cu-DOTATATE PET (A) and
increased uptake on 18F-FDG PET (B). Studies performed 2 weeks apart.
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Imaging Criteria for Selection for Peptide Receptor Radionuclide Therapy

PRRT with 177Lu-DOTATATE (LutatheraTM, Advanced Accelerator Applications USA,
Inc., NJ 07041) was FDA approved for the treatment of progressive metastatic well-
differentiated NETs in 2018. In general, ideal candidates are patients with progressing
inoperable or metastatic well-differentiated NETs who show sufficient tumor uptake
on SSTR imaging, which is defined as higher-than-liver uptake.15 Although the
NETTER-1 trial (phase III trial of 177Lu-DOTATATE plus long-acting octreotide versus
high‑dose long-acting octreotide in patients with midgut NETs),51 which led to the FDA
approval of 177Lu-DOTATATE, considered patients eligible for treatment based on
highest tumor uptake equal to or higher than liver based on 111In-pentetreotide imag-
ing,52 it is acceptable to extrapolate this scale to SSTR PET (modified Krenning score,
Table 5).53 However, given the higher sensitivity of PET over planar or SPECT imaging,
one should be cautious particularly for small lesions (<2 cm) because these lesions
considered eligible per SSTR PET might have not shown uptake higher than liver on
111In-pentetreotide scan.54 In addition to the condition of a positive SSTR PET, pa-
tients should have sufficient bone marrow reserve, adequate kidney and liver function,
good performance status, and expected survival longer than 3 to 6 months to be
eligible for PRRT.55 Selecting and sequencing treatments is a complex decision,
and it must be based on a multidisciplinary team discussion and risk to benefit assess-
ment of individual patients.56

Response Assessment Postpeptide Receptor Radionuclide Therapy

Unlike the uptake on FDG PET, which reflects tumor metabolism correlating with
aggressive disease and poor prognosis, the uptake on SSTR PET reflects SSTR
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Fig. 17. Patient with metastatic G2 PNET (Ki-67 8%) demonstrating heterogeneous uptake
on 68Ga-DOTATATE PET (A) and 18F-FDG PET (B). The bone lesions show heterogeneous up-
take on both tracers; the liver and retroperitoneal nodes show uptake mostly with FDG
(arrows).
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density on the cell surface, which carries different implications. Studies have shown
that changes in the degree of uptake, that is, SUVs in NETs after PRRT do not correlate
with outcomes.57,58

Huizing and colleagues57 demonstrated in a retrospective analysis that the disease
progression on anatomic imaging at 9 months post-PRRT indicates worse OS; how-
ever, they did not find an association between OS and the change in uptake on
SSTR PET or chromogranin A levels. However, SSTR PET detected disease progres-
sion earlier than anatomic imaging, with new lesions only seen on SSTR PET but not
on anatomic imaging at 3 months post-PRRT.
Tumor heterogeneity in metastatic NETs on SSTR PET has been shown to correlate

with a worse prognosis and to outperform SUVs and Ki-67 as a prognostic
marker.59–61 This heterogeneity constitutes an inherent limitation for conventional
PET parameters because PRRT targets well-differentiated SSTR expressing clones,
whereas sparing poorly differentiated ones.15,62

Although imperfect for NETs due to their slow growth, based on current literature,
morphologic evaluation using Response Evaluation Criteria In Solid Tumors (RECIST
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Fig. 18. Patient with metastatic well-differentiated G3 PNET. Initial (A) and 3 months follow-
up (B) 68Ga-DOTATATE MIP and fused transaxial PET/CT images show disease progression
with new extensive bone metastases on (B); note the enlargement of the left hepatic
lobe (yellow arrow) on (B) compared with (A) with no DOTATATE uptake, concerning for
dedifferentiated/high-grade tumor, which prompted FDG PET. 18F-FDG-PET/CT (C) shows
increased uptake in the left hepatic lobe, in addition to multiple additional hypermetabolic
liver metastases (green arrows), compatible with high-grade lesions.
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1.1),63 which are based on changes in size of target lesions on CT/MRI, remain the most
established response assessment scheme so far. SSTR PET, however, can add valu-
able information in determining early disease progression by detecting new metastases
occult on anatomic imaging57,58 and in establishing a new post-therapy baseline scan.
The SNMMI AUC emphasize that changes in SUVs alone on post-PRRT SSTR PET do
not indicate disease response or progression. Response should be assessed by the
disappearance of known lesions or development of new ones (see Fig. 9).
Table 5
(Modified) Kenning score

0 No Uptake

1 Very low uptake

2 Uptake lower than or equal to liver

3 Uptake higher than liver

4 Very intense uptake or uptake higher than spleen

Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en National Library of Health 
and Social Security de ClinicalKey.es por Elsevier en noviembre 01, 2022. Para uso personal exclusivamente. No 

se permiten otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Imaging of Neuroendocrine Tumors 19
SUMMARY

In the last few years, SSTR PET imaging, mostly with 68Ga-DOTATATE, has become
the gold standard for imaging of well-differentiated NETs. SSTR PET is very useful in
various clinical scenarios including but not limited to initial staging after histologic
diagnosis of NETs, localizing unknown primary tumor in patients presenting with me-
tastases, and selecting patients for PRRT. Recently, 64Cu-DOTATATE was added to
the list of FDA-approved radiopharmaceuticals for NET imaging. Longer half-life of
64Cu expands imaging access by allowing long distance delivery and more flexible
scanning windows. FDG PET complements SSTR PET, particularly for G3 and high
G2 tumors. Increased FDG uptake is a significant prognostic factor implicating
more aggressive disease and worse prognosis.

CLINICS CARE POINTS
� Anatomic imaging performed to evaluate NETs should include multiphase imaging of the
abdomen.

� SSTR PET is the modality of choice for functional imaging of well-differentiated NETs.

� FDG PET is complimentary to SSTR PET, particularly for imaging of high grade NETs.
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