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A B S T R A C T

Purpose
Gastro-entero-pancreatic neuroendocrine tumors (GEPNETs) are increasing in incidence, and accurate

staging is important for selecting the appropriate treatment. 68Ga-DOTATATE imaging is a promising

approach for detecting GEPNETs and could help in selecting optimal therapeutic strategies. The aim of

this study was to prospectively determine the clinical utility of 68Ga-DOTATATE positron emission

tomography (PET)/computed tomography (CT) in detecting unknown primary andmetastatic GEPNETs.

Patients and Methods
One hundred thirty-one patients were enrolled in a prospective study of patients undergoing
68Ga-DOTATATE PET/CT, 111In-pentetreotide single-photon emission computed tomography

(SPECT)/CT andmultiphasic CT scan, and/or magnetic resonance imaging in a blinded fashion with

comprehensive biochemical testing. The primary outcome measure was the detection of lesions

by each imaging study.

Results
68Ga-DOTATATE PET/CT imaging detected 95.1% of lesions (95% CI, 92.4% to 96.8%) with an

average maximum standardized uptake value of 65.4 6 47 (range, 6.9 to 244), anatomic imaging

detected 45.3% of lesions (95% CI, 37.9% to 52.9%), and 111In-pentetreotide SPECT/CT detected

30.9% of lesions (95% CI, 25.0% to 37.5%), with a significant difference between imaging

modalities (P , .001). In four of 14 patients (28.6%), 68Ga-DOTATATE PET/CT found a previously

unknown primary tumor, and detected primary GEPNET, lymph node, and distant metastases

correctly in 72 of 113 lesions (63.7%) when compared with histopathology, with 22.1% and 38.9%

detected by using 111In-pentetreotide SPECT/CT and anatomic imaging, respectively. On the basis

of findings with 68Ga-DOTATATE PET/CT, 43 of 131 patients (32.8%) had a change in man-

agement recommendation. In patients with carcinoid symptoms but negative biochemical testing,
68Ga-DOTATATE PET/CT detected lesions in 65.2% of patients, 40% of which were detected

neither by anatomic imaging nor by 111In-pentetreotide SPECT/CT.

Conclusion
68Ga-DOTATATE PET/CT imaging provides important information for accurate staging of GEPNETs

and selection of appropriate treatment interventions even in the absence of biochemical evidence

of disease in symptomatic patients.

J Clin Oncol 34:588-596. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Neuroendocrine tumors (NETs) are a heteroge-

neous group of neoplasms that arise from the cells

of the endocrine system. The incidence of gastro-

entero-pancreatic NETs (GEPNETs) is about 7.8

per 100,000 persons/y with a prevalence of 35 per

100,000 persons.1,2 Most GEPNETs are sporadic,

but can be part of a familial cancer syndrome,

such as multiple endocrine neoplasia type 1, neu-

rofibromatosis type 1, von Hippel-Lindau, and

tuberous sclerosis complex.3-5

The clinical presentation of GEPNETs

depends on the anatomic sites involved, tumor

biology, and functional status. Surgical resection
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is the only curative treatment option for patients with early-stage

disease; however, the extent, timing, and effect of surgical inter-

vention for advanced, metastatic GEPNETs remain controversial.

Most management guidelines emphasize that resection should be the

first-line treatment option for patients with advanced GEPNETs if

up to 90% of the disease burden is resectable6; however, only 5%

to 20% of patients with advanced GEPNETs meet this criterion.7,8

The identification of metastatic disease and tumor grade are the

most important prognostic factors in patients with advanced

GEPNETs.9,10 Therefore, precise staging and evaluation of disease

burden with a reliable imaging method is crucial for determining

the best treatment strategy, especially as there are new treatment

alternatives for locally advanced and metastatic GEPNETs.

A unique feature of NETs is the expression of somatostatin

receptors (SSTR),11,12 which can be targeted with radiolabeled

peptides for imaging and treatment.13 Imaging modalities currently

approved by the US Food and Drug Administration (FDA) for

evaluation of patients with GEPNETs include 111In-pentetreotide

single-photon emission computed tomography (SPECT)/computed

tomography (CT) scintigraphy with a diagnostic sensitivity of 65% to

100%, depending on tumor site,14,15 18F-fluorodeoxyglucose (18F-FDG)

positron emission tomography (PET), 123I-metaiodobenzylguanidine

scintigraphy, CT, and endoscopic ultrasound and magnetic reso-

nance imaging (MRI). A relatively new PET/CT technique using

somatostatin analogs labeled with the positron emitting isotope,
68Ga (68Ga-DOTA peptides), has been shown to offer advantages

over conventional imaging modalities as well as additional important

quantitative and qualitative diagnostic information.16,17 This makes

it an important tool in the clinical decision-making process for

patients with GEPNETs.18 68Ga-DOTA imaging is still investiga-

tional in the United States and there have been no large prospective

studies with comprehensive biochemical screening to evaluate its

clinical utility when specifically focused on GEPNETs.

We conducted a prospective study to assess the clinical utility

of 68Ga-DOTATATE imaging for detecting unknown primary

tumors and metastatic disease in patients with suspected or known

GEPNETs with comprehensive biochemical testing, and compared

it to current FDA-approved imaging modalities, 111In-pentetreotide

SPECT/CT, CT, and/or MRI.

PATIENTS AND METHODS

Patients

Patients suspected or known to have GEPNETs on imaging (CT, MRI,
18F-FDG PET) and/or biochemical evidence of GEPNETs, and/or a familial
predisposition to NET (multiple endocrine neoplasia type 1 or vonHippel-
Lindau) were included. The study was performed under an Investigational
New Drug approval from the FDA, and Eligibility criteria are outlined in
Table 1. The study was approved by the National Cancer Institute Insti-
tutional Review Board and the National Institutes of Health Radiation
Safety Committee (NCT01967537). Written informed consent was obtained
from all study participants.

Biochemical and Imaging Evaluation in Patients With GEPNET

All patients underwent testing for serum chromogranin A, pancreatic
polypeptide, neuron-specific enolase and vasoactive intestinal polypeptide,
urinary 5-hydroxyindoleacetic acid (5-HIAA), and fasting serum gastrin,
somatostatin, insulin, C-peptide (proinsulin), and glucagon.

For 68Ga-DOTATATE PET/CT imaging, 68Ga-DOTATATE 185 MBq
(5 mCi) was administered through a peripheral vein. After approximately
60 minutes, the patient was positioned supine in a PET/CT scanner, and
images were obtained from the area of the upper thighs to midskull. A
low-dose, noncontrast enhanced CT was used for attenuation correction
and anatomic localization. Maximum standardized uptake values (SUVmax)
were measured on the basis of patient total body weight. Patients treated
with long-acting octreotide were scanned before the next scheduled
monthly dose.19

An 111In-pentetreotide SPECT/CT scan was performed after intra-
venous administration of 111In-pentetreotide 222 MBq (6 mCi) within
4weeks of 68Ga-DOTATATEPET/CT. Planar whole body 111In-pentetreotide
with SPECT/CT scans of the chest (at 24 hours) and abdomen and pelvis
(at 4 hours and repeated at 24 hours) were used for analyses. A low-dose,
noncontrast enhanced CT was used for attenuation correction and
anatomic localization. Anatomic imaging (chest, abdominal, and pelvic
CT scan) was performed using LightSpeed Ultra and LightSpeed QX/i
scanners (General Electric Healthcare Technologies, Waukesha, WI) as
well as an Mx8000 IDT scanner (Philips Medical Systems, Andover, MA)
with the following settings: noncontrast, arterial and portal venous phase,
2-mm slices, with rapid infusion of nonionic, water-soluble contrast agent
(130 mL injected at 2 mL/s), and oral contrast. In patients with severe
contrast allergy (n = 6) or renal insufficiency (n = 4), an abdominal and
pelvicMRIwas performed, with slices at a thickness of 6 mm, to include T2
series with and without fat saturation and short tau inversion recovery and
T1 pre- and postcontrast series, after intravenous injection of gadolinium-
diethylentriamine pentaacetic acid (Siemens Verio 1.5 Tesla; Siemens
Medical Solution, Malvern, PA; and Philips Achieva 1.5 and 3 Tesla; Philips
Medical Systems). One hundred seven patients had all three imaging studies

Table 1. Study Eligibility Criteria

Factors Determining Eligibility

Inclusion criteria

Patient with any one of the following:

Suspicion of NET on imaging (CT/MRI/18F-FDG PET); and/or

Biochemical evidence of NET (serum/urinary) on the basis of elevated
levels of chromogranin A, pancreatic polypeptide, neuron-specific
enolase, vasoactive intestinal polypeptide, serotonin (urinary 5-HIAA),
gastrin, somatostatin, catecholamines, metanephrines, calcitonin,
fasting insulin, C-peptide (proinsulin), glucagon; and/or

Familial predisposition to NET in patient with clinical or genetic proof of
mutation in MEN1 or VHL (symptomatic and/or asymptomatic case;
with biochemical or anatomic imaging evidence of disease).

Age $ 18 years.

For women: Negative urine pregnancy test or postmenopausal for at least
2 years or if patient has had a hysterectomy.

Patient must be willing to return to NIH for follow-up.

Ability of patient or legally authorized representative (if the patient is
deemed by the treating physician to be cognitively impaired or
questionably impaired in such a way that the ability of the patient to give
informed consent is questionable) to understand and the willingness to
sign a written informed consent document indicating that he or she is
aware of the investigational nature of this study.

Exclusion criteria

Patient unwilling to undergo serial noninvasive imaging.

Pregnant or lactatingwoman: Pregnant women are excluded from this study
because the effects of 68Ga-DOTATATE in pregnancy are not known.
Because there is an unknown but potential risk for adverse events in
nursing infants secondary to administration of 68Ga-DOTATATE in the
mother, breastfeeding should be discontinued for at least 1 day if the
mother receives 68Ga-DOTATATE.

Patient has recognized concurrent active infection.

Patient has had the use of any investigational product or device, excluding
F-DOPA scans, within 30 days before dosing.

Abbreviations: CT, computed tomography; 18F-FDG, 8F-fluorodeoxyglucose;
5-HIAA, 5-hydroxyindoleacetic acid; MEN1, multiple endocrine neoplasia type 1;
MRI, magnetic resonance imaging; NET, neuroendocrine tumor; NIH, National
Institutes of Health; PET, positron emission tomography; VHL, von Hippel-Lindau.
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within 14 days, 15 patients within 1 month, and 9 patients had the CT scan
within 3 months of the two functional imaging modalities.

Data Analyses

Images were reviewed independently by radiology and nuclear
medicine physicians in a blinded fashion. All imaging studies were ana-
lyzed and correlated with clinical information in an unblinded fashion by a
multidisciplinary team to determine the optimal treatment. Treatment
strategies took into account the functional status of GEPNET, risk of
malignancy (primary tumor size and grade), and/or the presence of
metastatic disease.

Patient-to-patient and lesion-to-lesion analyses were performed.
Body areas were analyzed separately and grouped as pancreas, liver, bowel,
lung and mediastinum (parenchyma and lymph nodes), abdomen and
retroperitoneal lymph nodes (excluding liver, pancreas, adrenal glands,
and bowel), and bone. The neck and brain area were excluded from data
analysis, as no initial anatomic brain scan was performed for comparison.
Because of the known physiologic uptake of 68Ga-DOTATATE in the spleen
and adrenal glands, these organs were also excluded from analysis.

The total number of lesions on all three imaging modalities was taken
to be the imaging denominator and this number represents the sum of
lesions of all anatomic and functional imaging. Two analyses were per-
formed, one in the entire study cohort and one in patients who underwent
surgery with histopathologic diagnosis.

Statistical Analyses

Statistical analyses were performed using GraphPad Prism 5 software
(GraphPad Software, La Jolla, CA). Data of continuous variables are pre-
sented as mean 6 standard deviation (SD) or median (range). Spearman
rank correlation coefficient (r) was used to measure and test the association
of two continuous variables. Differences in proportions between sub-
groups of patients were compared by using the two-sample binomial test.
Generalized estimating equations with a logit link function and working
independence correlation structure were used to estimate and compare
the proportions of positive lesions between 68Ga-DOTATATE and 111In-
pentetreotide as well as between 68Ga-DOTATATE and CT/MRI. The
standard errors of the proportions and the Wald test were based on robust
variance estimates under a working independence model assumption.
Generalized estimating equations analysis was done using R version 3.1.0 and
the R package geepack (The R Project for Statistical Computing, Vienna,
Austria). A two-tailed P value , .05 was considered statistically significant.

RESULTS

Study Cohort Biochemical Profile and Imaging Results

The clinical and biochemical characteristics of the study

cohort are summarized in Table 2. A total of 131 patients with

biochemical or radiologic suspicion and/or known diagnosis of

GEPNET were enrolled. Serum chromogranin A and urinary

5-HIAA levels correlated with the number of lesions detected with
68Ga-DOTATATE PET/CT imaging (r = 0.46; P , .001; n = 128;

and r = 0.43; P,.001; n = 119, respectively; Figs 1A and 1B). There

was a weak correlation between serum neuron-specific enolase

level and the number of lesions (r = 0.22; P = .016; n = 123). There

was also a correlation between chromogranin A and 5-HIAA and

the number of lesions on CT/MRI and 111In-pentetreotide SPECT/

CT scanning (chromogranin A: r = 0.54; P , .001; and r = 0.49;

P ,.001; 5-HIAA: r = 0.32; P , .001; and r = 0.32; P , .001,

respectively). Levels of chromogranin A and 5-HIAA were sig-

nificantly higher in patients with liver metastases (Mann-Whitney

P = .005 and P , .001, respectively; Figs 1C and 1D).

The proportion of positive lesions in the study cohort is

summarized in Table 3. 68Ga-DOTATATE PET/CT detected 95.1%

of lesions (95% CI, 92.4% to 96.8%) with an average SUVmax of

65.4 6 47 (range, 6.9 to 244), corresponding to 847 of 891 total

lesions identified by the imaging denominator. This was sig-

nificantly higher than anatomic imaging (CT and/or MRI; 404

of 891 lesions; 45.3% [95% CI, 37.9% to 52.9%]) and 111In-

pentetreotide SPECT/CT (275 of 891 lesions; 30.9% [95% CI, 25.0%

to 37.5%]). In 37 patients (28.2%), the imaging results were dis-

cordant: 111In-pentetreotide SPECT/CT (n= 36) andCTscan (n = 12)

were negative and 68Ga-DOTATATE PET/CTwas positive, and, in one

patient, two duodenal lesions were seen using 111In-pentetreotide

Table 2. Clinical and Biochemical Characteristics of Study Cohort

Characteristic Value

No. of patients 131

Male-to-female ratio 1:1.3

Mean age 6 SD, years (range) 51 6 15 (19-82)

Patients by symptom type, No. (%)

Total* 72 (55.0)

Flushing 30 (22.9)

Diarrhea 26 (19.8)

Wheezing/shortness of breath 3 (2.3)

Abdominal pain 10 (7.6)

Rash/itching 2 (1.5)

Median fasting chromogranin A, ng/mL (range) 87.5 (20-18,710)

Normal median fasting chromogranin A, ng/mL , 93

Median fasting gastrin, pg/mL (range) 28 (10-17,290)

Normal median fasting gastrin, pg/mL , 100

Median fasting neuron-specific enolase, ng/mL (range) 9.2 (5-45)

Normal median fasting neuron-specific
enolase, ng/mL

# 15

Median fasting pancreatic polypeptide, pg/mL (range) 108.5 (40-2,500)

Normal median fasting pancreatic
polypeptide, pg/mL

, 291

Median urinary 5-HIAA, mg/24 hours (range) 4.9 (0.9-211)

Normal median urinary 5-HIAA, mg/24 hours # 8

Mean SUVmax on 68Ga-DOTATATE PET/CT 6 SD,
range

65.4 6 47.2 (6.9-
244)

Patients with prior histologically proven
NET, No. (%)

89 (68.5)

Instances of previous surgery by tumor
type, No. (%)

Total 69 (77.5)

Pancreatic NET 31 (44.9)

Gastro-enteric NET 38 (55.1)

Type of prior proven NETs, No. (%)*

Pancreatic NET 36 (27.5)

Small/large bowel NET 31/4 (23.7/3.0)

Insulinoma 7 (5.3)

Gastric NET 7 (5.3)

Thymic carcinoid† 1 (0.8)

Vipoma 2 (1.5)

Lung NET† 1 (0.8)
68Ga-DOTATATE PET/CT found primary, No. (%) 4/14 (28.6)

Surgery recommended, No. (%)‡ 19 (14.5)

PRRT recommended, No. (%) 11 (8.4)

Abbreviations: CT, computed tomography; 5-HIAA, 5-hydroxyindoleacetic acid;
NET, neuroendocrine tumor; PET, positron emission tomography; PRRT, peptide
receptor radionuclide therapy; SD, standard deviation; SUVmax, maximum
standardized uptake value.
*Some patients had more than one symptom or site of tumor manifestation.
Sites were scored separately.
†Patients withmultiple endocrine neoplasia type 1 and gastro-entero-pancreatic
NET that have additional manifestations, such as thymic carcinoid or lung NET.
‡On the basis of 68Ga-DOTATATE PET/CT.
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SPECT/CT only. Four hundred twenty-two lesions were detected by
68Ga-DOTATATE PET/CT imaging that were missed both by 111In-

pentetreotide SPECT/CT and CT/MRI scans.

Fourteen patients had an unknown primary tumor, and in four

patients the primary lesion was found by using 68Ga-DOTATATE PET/

CT imaging, but was not seen with 111In-pentetreotide SPECT/CT, and

in two of four patients it was not seen onCT/MRI. An example is shown

in Figures 2A to 2E, in which 68Ga-DOTATATE PET/CT imaging

confirmed known liver metastases and showed a small bowel pri-

mary tumor and a periaortic lymph node with a SUVmax of 75.

An analysis of 23 patients who had no biochemical evidence of

GEPNETs but who had possible hormone-related symptoms, such

as flushing and diarrhea (Table 1), showed that 68Ga-DOTATATE

PET/CT imaging detected more lesions than did 111In-pentetreotide

SPECT/CT (15 of 23 lesions [65.2%] v six of 23 lesions [26.1%]; P =

.02) and CT/MRI (15 of 23 lesions [65.2%] v nine of 23 lesions

[39.1%]; P = .14). CT/MRI missed liver lesions in four patients

and duodenal and small bowel lesions in two patients, and 111In-

pentetreotide SPECT/CT scanning missed liver lesions in three

additional patients. Of 25 patients with hormonal-related symptoms

and biochemical evidence of disease that had no prior proven

diagnosis of NET, and in whom 68Ga-DOTATATE PET/CT imaging

detected lesions, seven patients had negative findings with 111In-

pentetreotide SPECT/CT imaging and three patients had negative

findings using CT/MRI. In four of these patients, all three imaging

modalities were negative.
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Fig 1. There was a significant correlation between (A) chromogranin A and (B) 24-hour urinary 5-hydroxyindoleacetic acid (5-HIAA) and the number of lesions per patient

found by using 68Ga-DOTATATE positron emission tomography (PET)/computed tomography (CT) imaging (Spearman coefficient r= 0.46; P, .001; n = 128; and r = 0.43; P

, .001; n = 119, respectively). Mean (C) chromogranin A and (D) 24-hour urinary 5-HIAA were significantly higher in patients with liver metastases present with 68Ga-

DOTATATE PET/CT imaging (chromogranin A: liver positive [pos] 10836 446 v liver negative [neg] 3566 104;Mann-Whitney P = .005; and 5-HIAA: liver positive 206 5.8 v

liver negative 4.7 6 0.3; Mann-Whitney P , .001).
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Surgical resection of primary tumors and/or metastases was

recommended in 34 of 131 patients (26%). Of these, 25 patients

had undergone surgery at the time of data analysis. The histo-

pathologic findings are summarized in Appendix Tables A1 and A2

(online only). On histopathology, 113 lesions were found to be

positive for GEPNET, with 37 lesions (32.7%) being primary

tumors and with 69 lymph nodes (61.1%) and seven distant

metastases (6.2%). When we compared 68Ga-DOTATATE PET/CT

imaging to surgical histopathology in a per-lesion analysis, we found

true positive lesions in 72 of 113 lesions (63.7%), in 25 of 113 lesions

No evidence of disease 24 (18.3)

Evidence of disease

  Clinical surveillance

  With long-acting octreotide

  acetate

39 (29.8)

16

34 (26.0)

Evidence of disease

  Surgical intervention

34 (26.0)

Evidence of disease

  Targeted chemotherapy/

  liver directed/PRRT

GEPNETs

(N = 131)

No evidence of disease 39 (29.8)

Evidence of disease

  Clinical surveillance

  With long-acting octreotide

  acetate

67 (51.1)

8

15 (11.5)

Evidence of disease

  Surgical intervention

10 (7.6)

Evidence of disease

  Targeted chemotherapy/

   liver directed

111In-SPECT/CT

CT/MRI

68Ga-PET/CT
111In-SPECT/CT

CT/MRI

Fig 3. Clinical management diagram on

the basis of the three imaging modalities.

Data are given as No. (%). CT, computed

tomography; MRI, magnetic resonance

imaging; PET, positron emission tomog-

raphy; PRRT, peptide receptor radionuclide

therapy; SPECT, single-photon emission

computed tomography.

Fig 2. A case of a patient with known liver metastases and previously unknown primary lesion detected by 68Ga-DOTATATE positive emission tomography (PET)/

computed tomography (CT). (A) 111In-Pentetreotide scan (planar) shows no pathologic uptake. (B, top) Axial CT, (middle) 111In-pentetreotide axial slice, and (bottom) fused

single-photon emission CT/CT showing no pathologic uptake. (C) 68Ga-DOTATATE PET maximum-intensity projection image shows three liver metastases (black arrows)

and two lesions in the abdomen (lymph node and enteric lesion; red arrows). (D) 68Ga-DOTATATE PET/CT image shows the mesenteric lymph node (maximum

standardized uptake value, 75; red arrow). (E) Arterial phase CT shows corresponding small indeterminate lymph node (red arrow).
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(22.1%) with 111In-pentetreotide SPECT/CT imaging, and in 44 of

113 lesions (38.9%) with CT/MRI. All 38 lesions not detected by

imaging studies but proven on histopathology represented lymph

node metastases.

Impact of Imaging Results on Clinical Management

In 97 patients, we recommended nonsurgical management

that included clinical and radiologic follow-up in a time period of

6 months to 1 year (63 patients), liver-directed therapy

(four patients), and peptide receptor radionuclide therapy

(PRRT; 11 patients) or systemic therapy with everolimus or

sunitinib (19 patients).

Upon comparing the different imaging findings and evalu-

ating their impact on clinical management, we found that,

compared with 111In-pentetreotide SPECT/CT, 68Ga-DOTATATE

PET/CT imaging detected additional lesions in 93 of 131 patients

(71.0%), and in 69 of 131 patients (52.7%) compared with CTscan.

Of those, in 44 of 93 patients (47.3%) and in 34 of 69 patients

(49.2%), these additional lesions consisted of metastatic lesions

found by using 68Ga-DOTATATE PET/CT imaging. These addi-

tional findings led to a change in management in 43 of 131 patients

(32.8%). An example of a patient with additional lesions that were

found by using 68Ga-DOTATATE PET/CT but that were not seen

on 111In-pentetreotide SPECT/CTand CTscan is shown in Appendix

Figure A1 (online only), and the specific changes in management

recommendation as a result of 68Ga-DOTATATE PET/CT imaging

are shown in Figure 3.

DISCUSSION

Our results show that 68Ga-DOTATATE PET/CT scanning is

superior to 111In-pentetreotide SPECT/CT and anatomic imaging

in the detection of unknown primary tumors and primary and

metastatic GEPNETs. 68Ga-DOTATATE PET/CT had a detection

rate of 95.2% compared with detection rates of 45.6% and 30.9%

for anatomic and 111In- pentetreotide SPECT/CT imaging,

respectively. 68Ga-DOTATATE PET/CT identified primary tumors

in 28.6% of patients with previously unknown primary tumors.

Furthermore, this led to the alteration of patient management

recommendations in 32.8% of patients. 68Ga-DOTATATE PET/CT

also detected disease in patients without biochemical evidence of

GEPNET and in those with symptoms and no biochemical evi-

dence of disease.

We found that serum chromogranin A, urinary 5-HIAA, and

serum neuron-specific enolase correlated with the number of

tumors found by using 68Ga-DOTATATE PET/CT in patients with

GEPNET, and that chromogranin A and 5-HIAA were elevated in

patients with liver metastases. These findings are consistent with

data in the literature, in which serum chromogranin A and urinary

5-HIAA have been associated with tumor burden and patient

survival.20,21 Of interest, we show that 68Ga-DOTATATE PET/CT

imaging was helpful in detecting disease in 15 of 23 symptomatic

patients (65.2%) with biochemically negative workups, offering a

rationale with treatment possibilities for their otherwise unex-

plained symptoms.
68Ga-DOTATATE PET/CT detected significantly more lesions

in the bowel and bone when compared with 111In-pentetreotide

SPECT/CT and CT/MRI scanning, with 111In-pentetreotide

SPECT/CT detecting slightly more lesions than CT/MRI. This

difference was significant again for the pancreas, liver, and lymph

nodes in the abdomen and retroperitoneal compartment. Fur-

thermore, we showed that 68Ga-DOTATATE PET/CT imaging

performed as well as anatomic imaging (CT/MRI) in detecting

lesions in the lung and mediastinal compartment, suggesting that

these two imaging modalities could be complementary for staging

patients with GEPNET and suspected lung metastases.

The use of 68Ga-DOTATATE PET/CT has been recommended

for staging22 and for detecting early recurrences after resection of

NET,23 and its impact on medical and surgical management

strategies has been shown in retrospective studies.18,24On the basis

of 68Ga-DOTATATE PET/CT imaging, Hofman et al18 reported a

change in treatment plan in 47% of patients with NET, and Ilhan

et al25 found additional information for surgical planning in 95%

of cases with small bowel (ileum) or pancreatic NET, which

resulted in changes in management in one fifth of patients.

To our knowledge, the current study is the largest prospective

study of 68Ga-DOTATATE PET/CT in a homogenous cohort of

patients with GEPNETs. There have been four prospective studies,

one with a mixed cohort of 19 patients with NET using 68Ga-

DOTATATE,26 and three other studies with different 68Ga-DOTA

peptides: two using 68Ga-DOTATOC in a mixed cohort of 84 and

27 patients with NET, including lung NETs, neuroblastoma, and

paraganglioma, and one using 68Ga-DOTANOC in 109 patients

with GEPNET.All four prospected studies showed the superiority

of 68Ga-DOTA peptide imaging compared with conventional

scintigraphy and anatomic imaging.27-29 Our study results are

consistent with these studies but provide additional new data. First,

two thirds of patients with symptoms of carcinoid syndrome and

no biochemical evidence of disease were found to have lesions by

using 68Ga-DOTATATE PET/CT imaging. Second, our management

recommendations changed on the basis of real-time assessment of

the burden of disease in patients and a standardized management

algorithm. Last, our study shows that 68Ga-DOTATATE was able to

identify unknown primary GEPNET and disease in symptomatic

patients without biochemical evidence of disease.

For progressive metastatic GEPNET, there are several ther-

apeutic options, such as surgical resection and/or pharmacologic

and liver-directed therapies. PRRT is a relatively new therapeutic

modality that targets the positivity of SSTR in GEPNET as the

treatment rationale, permitting targeted therapy with somatostatin

analogs labeled with radionuclides. According to published guide-

lines, PRRT is indicated for the treatment of patients with positive

expression of SSTR2, metastatic, or inoperable NET30; these are

mainly patients with SSTR2-expressing GEPNETs and bronchial

NETs. Large series have shown median progression-free survival of

up to 40 months for PRRT with 177Lu-DOTA-octreotate.31 There-

fore, it is important, when selecting treatment options, to use the
68Ga-DOTA peptide PET/CT to stage patients with progressive,

metastatic, and/or inoperable GEPNETs and to determine the tumor

somatostatin receptor status. Furthermore, 68Ga-DOTATATE PET/

CT scanning has the advantage over 111In-pentetreotide SPECT/CT

in that it requires a shorter imaging time and has a lower cost32 and

radiation exposure (1.1 rem).33

Our study does have limitations. While most lesions detected

by using 68Ga-DOTATATE PET/CT imaging are likely to be true
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positive findings on the basis of their high SUVand location, we do

not have histopathologic proof for every lesion detected; thus, false

positive results are possible. The study design—not a randomized

controlled trial—and the lack of follow-up data does not allow

us to definitively answer whether the therapeutic options selected

on the basis of 68Ga-DOTATATE PET/CT imaging resulted in

improved long-term patient outcome. The number of lesions per

patient found by using 68Ga-DOTATATE PET/CT imaging is an

approximation of tumor burden and is not a precise measurement

of tumor mass/burden. In addition, the imaging denominator is

not a perfect gold standard and could represent some false positive

results. Furthermore, 68Ga-DOTATATE PET/CT imaging is known

to show lower disease avidity for poorly differentiated NET,34 and it

would therefore be beneficial for disease characterization to per-

form 18F-FDG PET/CT imaging in these situations, as this could

show higher avidity. Our study design did not include 18F-FDG

PET/CT imaging in every patient as part of the clinical research

protocol, although we did perform it when clinically indicated.

Furthermore, adding a diagnostic, contrast-enhanced CTscanmight

improve the sensitivity and specificity of SPECT/CT or PET/CT

imaging to detect NET.

In conclusion, 68Ga-DOTATATE PET/CT imaging is more

sensitive for staging and detecting unknown primary GEPNETs

than is 111In-pentetreotide SPECT/CT and anatomic imaging with

CT/MRI. Therefore, we believe it should be implemented in the

initial management and follow-up of patients with GEPNETs as it

can significantly optimize patient care decisions.
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Appendix

Table A1. Characteristics of Patients Who Underwent Surgery

Characteristic Value

No. of patients 25

Mean age, years (range) 42 (21-73)

Male-to-female ratio 1.5:1

No. of sporadic tumors 11

No. of syndromic tumors 14

MEN1 10

VHL 4

Abbreviations: MEN1, multiple endocrine neoplasia type 1; VHL, von Hippel-
Lindau.

Table A2. TNM Staging for Patients Who Underwent Surgery

Stage Pancreatic NET (n = 16)* Gastro-Entero-NET (n = 9)†

Tx 1 3

T0 2 1

T1 3 1

T2 7 3

T3 3 1

T4 0 0

N0 12 2

N1 4 7

M0 14 7

M1 2 2

WHO grade

G1 6 5

G2 6 2

G3 1 0

*Bosman et al: Lyon, France, International Agency for Research on Cancer,
2010.
†Pape et al: Neuroendocrinology 95:135-156, 2012.
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Fig A1. A 46-year-old patient with multiple endocrine neoplasia type 1 and known pancreatic and duodenal lesions who had lymph nodes not previously known that were

detected by using 68Ga-DOTATATE positron emission tomography (PET)/computed tomography (CT) imaging. (A) 111In-Pentetreotide scan (planar) shows a unique unclear

prerenal uptake. (B, top) Axial CT, (middle) 111In-pentetreotide axial slice, and (bottom) fused single-photo emission CT/CT showing unclear pathologic uptake (red arrow).

(C) 68Ga-DOTATATE PETmaximum-intensity projection image shows retropancreatic lymph node (red arrow) and duodenal and pancreatic lesions. (D) 68Ga-DOTATATEQ:

17 PET/CT image shows the retropancreatic and periduodenal lymph node (maximum standardized uptake value, 96; red arrow). (E) Arterial phase CT shows corresponding

lymph node (red arrow) that was read as a subcentimeter indeterminate lymph node.
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