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This prospective study compared a 1-d SPECT/CT protocol with the

commonly used 3-d protocol for somatostatin receptor scintigraphy

in patients with gastroenteropancreatic neuroendocrine neoplasms.

Additionally, the influence of SPECT/CT on patient management
was evaluated. Methods: From October 2011 to October 2012,

all gastroenteropancreatic neuroendocrine neoplasm patients un-

dergoing restaging with somatostatin receptor scintigraphy on a
modern SPECT/CT device were enrolled in this study. The protocol

consisted of planar imaging at 4, 24, and 48 h; low-dose SPECT/CT

at 24 and 48 h; diagnostic CT at 24 h using a triple-phase delay after

administration of contrast; and diagnostic SPECT/CT at 24 h. All
components of the imaging data were reassessed by 3 masked

interpreters. The results were compared with a reference standard

based on all clinical, imaging, and histopathology follow-up data

available (follow-up range, 24–36 mo; mean, 29.9 mo). The refer-
ence standard was defined by a study-specific interdisciplinary tu-

mor board that also reassessed treatment decisions. Results:
Thirty-one patients were eligible for analysis (18 men and 13
women; mean age, 60.4 y). Ten had no imaging signs of disease and

remained disease-free during follow-up. Twenty-one had persistent

or recurrent disease (82 lesions: 24 in the liver, 21 in the lymph

nodes, 16 in bone, 12 in the pancreas, and 9 in other locations).
The respective lesion detection rates for interpreters 1, 2, and 3

were 51.9%, 49.4%, and 71.6% for low-dose SPECT/CT at 24 h;

51.9%, 55.6%, and 67.9% for low-dose SPECT/CT at 48 h; 63.0%,

70.4%, and 85.2% for diagnostic CT; and 77.8%, 84.0%, and
88.9% for diagnostic SPECT/CT. Interobserver agreement was

moderate for diagnostic SPECT/CT (κ 5 0.44), diagnostic CT (κ 5
0.43), low-dose SPECT/CT at 48 h (κ5 0.61), and low-dose SPECT/CT

at 24 h (κ 5 0.55). For planar imaging, interobserver agreement
was fair after 48 h (κ 5 0.36) and 24 h (κ 5 0.38) and moderate after

4 h (κ 5 0.42). Every lesion detectable on planar imaging or low-

dose SPECT/CT was also detectable on diagnostic SPECT/CT. The
CT and SPECT components of diagnostic SPECT/CT strongly com-

plemented each other, as 34 of 82 lesions (41.4%) were detected on

only the CT component or only the SPECT component. Therapeutic

management was influenced by the diagnostic SPECT/CT interpre-

tation in 8 of 31 patients (25.8%). Conclusion: The highest detec-
tion rates were achieved by diagnostic SPECT/CT. Thus, a more

patient-friendly 1-d protocol is feasible. Furthermore, multiphase

SPECT/CT affected management in about a quarter of patients.
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Neuroendocrine neoplasms (NENs) are a heterogeneous group
of rare, often hormonally active neoplasms derived from cells of
the neuroendocrine system with varying malignant potential. Most
of these tumors are in the gastroenteropancreatic system (1). Fre-
quent overexpression of somatostatin receptors, especially subtypes
2 and 5, allows functional imaging by radiolabeled somatostatin
analogs (2) using either conventional somatostatin receptor scin-
tigraphy (SRS) or somatostatin receptor PET (SR PET) (3). Pub-
lications on SR PET/CT using the tracer 68Ga-DOTATOC have
shown the high impact of hybrid imaging on NEN patient manage-
ment, emphasizing the synergistic nature of combined functional and
anatomic imaging (4,5).
Although the necessary prospective head-to-head comparisons

have not yet been performed for an objective comparison of SR
PET and SRS (6), published data indicate the superiority of SR
PET for the detection of NEN lesions (7–10). Although SR PET
can thus be considered the method of choice for functional NEN
imaging, it must be acknowledged that not all institutions have
access to a PET or PET/CT system (11). Moreover, difficulties may
arise in receiving financial reimbursement for PET tracers, whereas
conventional SRS with commercially available 111In-labeled DTPA
(diethylenetriaminepentaacetic acid)-pentetreotide has been well estab-
lished for more than 20 y (12) and its reimbursement has been ap-
proved by both the European Medicines Agency and the U.S. Food
and Drug Administration. In addition, with the advent of modern
SPECT/CT scanners that have a multislice CT component, the
performance of NEN-appropriate multiphase-CT protocols (13)
analogous to SR PET/CT (14) should be possible. Conventional
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SRS imaging protocols are often time-consuming and hardware-
intensive because multiple acquisition sessions over 2–3 d are re-
quired (3,15). We therefore performed the current study to assess
whether use of a modern SPECT/CT system can streamline the
protocol for patient comfort without compromising the derived
information. We also analyzed the impact of multiphase SPECT/CT
on patient management in comparison to a conventional SRS protocol
including low-dose SPECT/CT.

MATERIALS AND METHODS

Patients

Patients with proven low- to intermediate-grade (grade 1 or 2) gastro-

enteropancreatic NENs undergoing restaging between October 2011
and October 2012 were consecutively enrolled in this prospective,

single-center study. Patients were excluded if they had secondary ma-

lignancies or an allergy to iodine-containing contrast agents, if they
had undergone a contrast-enhanced CT scan within the previous month,

or if they were younger than 18 y, pregnant, or breast-feeding. If ap-
plicable, long-acting somatostatin analogs were withdrawn at least 4 wk

before examination and short-acting analogs at least 24 h before exam-
ination (3). The institutional review board approved the study (vote, 96/11),

and all subjects gave written informed consent to the examination and to
the evaluation of their data. The study was performed in accordance

with the Declaration of Helsinki.

Imaging Protocol

All examinations, including contrast-enhanced CT, were performed

on a dedicated 16-slice SPECT/CT system (Discovery NM/CT670;
GE Healthcare) after intravenous injection of 200 MBq (5.4 mCi) of
111In-octreotide (Octreoscan; Mallinckrodt Medical GmbH). SRS was
performed in accordance with current guidelines (3,15).

Planar Imaging. Whole-body planar imaging was performed 4, 24,
and 48 h after injection. Images were acquired in step-and-shoot mode

using medium-energy general-purpose collimators and energy win-
dows centered on 171%6 10% and 245%6 10% (256 · 1,024 matrix,

table speed of 13.3 cm/min, and zoom of 1.0).
Low-Dose SPECT/CT. Whole-body low-dose SPECT/CT was per-

formed 24 and 48 h after injection using the same collimators and en-

ergy windows as for planar imaging (360�, 60 frames, 40 s per frame,
step-and-shoot mode, 6� angles, 128 · 128 matrix, 540 · 400 field of

view, 2 bed positions, and roughly 4 cm of overlap). The SPECT data
were reconstructed iteratively (ordered-subset expectation maximiza-

tion, 2 iterations, 10 subsets) with CT-based attenuation correction using
the low-dose CT images (10 mA, 120 kV, 3.75-mm slice thickness) for

generation of the m-map.
Diagnostic CT and Diagnostic SPECT/CT. Diagnostic CT was per-

formed 24 h after injection using a multiphase delay after adminis-
tration of intravenous contrast medium (70–100 mL of Imeron 300

[weight-dependent]; Bracco Imaging Deutschland GmbH). The delay
was 25 s for the arterial phase and 45 s for the portal-venous phase

(upper-abdominal imaging), and there was a 70-s delay for the venous
phase (thoracoabdominopelvic imaging) (50–300 mAs as modified by

body region and automatic dose modulation [AutomA]; 120 kVp; 16 ·
1.25 mm collimation; pitch of 1.375; and 16 · 1.25 mm slice thick-

ness). The protocol did not include oral contrast medium.
A dedicated Xeleris workstation (GE Healthcare) was used to co-

register the low-dose SPECT/CT images at 24 h with the venous CT
images to create the diagnostic SPECT/CT dataset. In evaluating the

diagnostic SPECT/CT images, the interpreters also viewed and co-
registered the arterial and portal-venous CT images if necessary.

Treatment Decisions

After nonmasked interpretation of the images by radiology and nu-
clear medicine physicians and review of all imaging, clinical, and para-

clinical data, the patient’s case was discussed by the institutional NEN

tumor board, which was also responsible for initiating any therapeutic

measures deemed necessary.

Masked Data Interpretation

After completion of all follow-up imaging, 3 masked interpreters

reassessed the SRS SPECT/CT data (i.e., planar images 4, 24, and 48 h

after injection; low-dose SPECT/CT at 24 h; low-dose SPECT/CT at

48 h; diagnostic CT; and diagnostic SPECT/CT) for NEN manifes-

tations. Although the planar images obtained at each time point (4, 24,

and 48 h after injection) were interpreted separately, planar imaging as

a whole was judged positive if a focus was classified as a lesion on the

images of at least one time point.

Each interpreter had long-standing proficiency in hybrid imag-
ing. Data were interpreted in accord with published criteria for SR

PET/CT (14). Interpretation was done in random order using a

dedicated multimodality workstation. In addition to the individual

interpretations, a consensus was reached by the 3 interpreters (ma-

jority decision).

Study-Specific Interdisciplinary NEN Tumor Board

The independent study-specific NEN tumor board consisted of

a gastroenterologist, nuclear medicine specialist, radiologist, abdom-

inal surgeon, and endocrinologist. Decisions were made in consensus.

This study-specific board served two purposes: to establish a ref-
erence standard for the masked-interpretation results based on all

clinical and imaging follow-up (follow-up range, 24–36 mo; mean,

29.9 mo) and any available histopathologic or cytologic data, and to

use that reference standard to confirm the treatment decisions that had

been made by the institutional NEN tumor board.

Statistical Analyses

Statistical analyses were performed using R, version 3.0.1 (The R
Foundation for Statistical Computing), and SAS, version 9.3 (SAS

Institute Inc.).
Sample Size Estimation. Initially, the necessary sample size was

calculated by assuming a 15% clinically relevant difference in lesion-
based detection rate. Thus, the 1-sided McNemar power analysis

indicated that 60 lesions would be needed for a power of 80% and a
significance level of 0.05. Assuming a mean of 2 lesions per patient

and a dropout rate of 10%, the total number of patients needed for
enrollment was 33.

Data Analysis. Lesions were assessed by each interpreter in-
dividually and by all three in consensus. Because of the unavoidable

limitations of the established reference standard, the true number of
false-negatives is not known. Hence, the term detection rate for lesion

assessment was chosen. Detection rates were described by 2-sided
binomial 95% confidence intervals and analyzed using the generalized

linear mixed model, including patients and corresponding lesions as
random factor and methods as fixed factor.

Interobserver agreement was calculated using Fleiss k, which was

interpreted according to the classification of Landis and Koch (16).

Confidence about the anatomic location of the detected lesions was

scored using a binary system (0 5 unsure, 1 5 sure). To demonstrate

the impact of the submodality on interpreter confidence, only lesions

seen in all submodalities were included in this analysis.

RESULTS

Patients

Within the 12-mo recruitment period, the required 33 patients
were enrolled. Because 1 patient was lost to follow-up and 1
patient had an incomplete set of data, 31 patients were analyzed
(18 men and 13 women; mean age, 60.4 y; Table 1).
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By the reference standard, the primary was ileum in 10 patients,
jejunum in 3, pancreas in 8, duodenum in 2, colon in 1, appendix
in 3, rectum in 2, and stomach in 1. In only a single patient did the
primary remain unknown. In 21 patients (67.7%), the SPECT/CT
examination as a whole was positive for tumor. The remaining 10
patients (32.3%) showed no NENs on SPECT/CT, as was then
confirmed by the study-specific NEN tumor board.

Lesion-Based Analysis

In the 21 patients for whom SPECT/CT was positive for tumor,
82 lesions were detected (24 in liver, 21 in lymph nodes, 16 in

bone, 12 in pancreas, and 9 in other locations; mean per patient,
3.9 lesions; range, 1–13).
The respective lesion detection rates for interpreters 1, 2, and 3

and the majority interpretation were 27.2%, 24.7%, 23.5%, and
22.2% for planar scintigraphy (all time points); 51.9%, 49.4%,
71.6%, and 54.3% for low-dose SPECT/CT at 24 h; 51.9%, 55.6%,
67.9%, and 55.6% for low-dose SPECT/CT at 48 h; 63.0%, 70.4%,
85.2%, and 71.6% for diagnostic CT; and—the highest detection
rate—77.8%, 84.0%, 88.9%, and 86.4% for diagnostic SPECT/CT
(Table 2). Diagnostic SPECT/CT also showed the highest detec-
tion rate in the organ-based analysis, particularly with respect to

TABLE 1
Patient Data and Impact on Therapy Management

Patient no. Sex Age (y) Primary location Grade Prior therapy

No. of

lesions

Change in therapy

(confirmed by SITB)

1 M 60.5 Ileum 2 Surgery, octreotide 7 No

2 M 51.2 Rectum 2 Surgery, PRRT 13 No

3 M 39.7 Pancreas 2 Surgery 2 Yes (surgery)

4 F 62.7 Ileum 1 Surgery, octreotide 4 No

5 F 48.5 Ileum 2 Surgery 1 Yes (octreotide,

bisphosphonates)

6 M 65.4 Pancreas 1 Surgery 0 No

7 M 46.0 Pancreas 2 Surgery, octreotide 2 No

8 M 51.2 Ileum 2 Surgery 0 No

9 F 73.2 Ileum 2 Surgery, octreotide 2 No

10 F 53.7 Colon 1 Surgery 1 Yes (octreotide,

bisphosphonates)

11 F 47.7 Rectum 2 Surgery 2 Yes (surgery)

12 M 67.5 Ileum 2 Surgery, octreotide 8 No

13 M 74.4 Duodenum 2 Surgery 0 No

14 F 55.2 Appendix 1 Surgery 0 No

15 F 76.5 Jejunum 1 Surgery 3 Yes (surgery/ablative

therapy)

16 F 60.4 Ileum 1 Surgery 0 No

17 M 59.6 Ileum 2 Surgery 0 No

18 M 70.9 Jejunum 1 Surgery, octreotide 2 No

19 M 54.5 Pancreas 2 Surgery 1 No

20 M 63.3 Stomach 1 Surgery 1 Yes (octreotide)

21 F 61.2 Ileum 2 Surgery, octreotide 2 No

22 F 72.5 Ileum 2 Surgery 0 No

23 M 54.0 Pancreas 2 Chemotherapy 4 No

24 M 67.7 Unknown 2 Octreotide 6 No

25 F 44.2 Appendix 2 Surgery 0 No

26 M 74.8 Duodenum 1 Surgery, octreotide 6 No

27 M 65.7 Pancreas 2 Surgery 2 Yes (surgery)

28 F 56.8 Pancreas 2 Surgery 7 Yes (chemotherapy)

29 F 52.3 Pancreas 1 Surgery 0 No

30 M 57.8 Appendix 1 Surgery 0 No

31 M 82.6 Jejunum 2 Surgery, octreotide 6 No

SITB 5 study-specific interdisciplinary NEN tumor board; PRRT 5 peptide-receptor radionuclide therapy.
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lesions in liver, bone, and lymph nodes (Table 3). On generalized
linear mixed-model analysis, a significantly higher detection rate
was found for diagnostic SPECT/CT than for diagnostic CT (P 5
0.013), for low-dose SPECT/CT at 24 h (P , 0.001), or for low-
dose SPECT/CT at 48 h (P , 0.001). Moreover, every lesion
detected on planar imaging or low-dose SPECT/CT and diagnostic
CT was also detected on diagnostic SPECT/CT. The CT and
SPECT components of diagnostic SPECT/CT strongly comple-
mented each other, as 34 of 82 lesions (41.4%) were detected
on only the CT component (22 lesions [26.8%]) or only the SPECT
component (12 lesions [14.6%]). Lesions seen on only CT included
liver metastases (n 5 9), lymph node metastases (n 5 8), lung
metastases (n 5 2), bone metastases (n 5 2), and pancreatic tumor
(n 5 1). Lesions seen on only SPECT included liver metastases
(n 5 4), lymph node metastases (n 5 3), bone metastases (n 5 2),
and pancreatic tumor (n 5 3) (Figs. 1 and 2).

Imaging Time Points

For all interpreters and all time points, planar imaging showed
the lowest detection rates (majority rate, 22.2%), with the scan at
4 h having a lower majority rate (14.8%) than the scan at 24 h
(21.0%) or 48 h (19.8%). All lesions seen on planar imaging were
also seen on low-dose SPECT/CT, which achieved majority rates
of 54.3% at 24 h and 55.6% at 48 h (no significant difference
between the two time points [P . 0.05]). Interpreter 1 had the
same detection rate at 24 h as at 48 h (51.9%), interpreter 3 had a
higher detection rate at 24 h (71.6%) than at 48 h (67.9%), and
interpreter 2 had a lower detection rate at 24 h (49.4%) than at
48 h (55.6%). The highest majority rate, 86.4%, was achieved with
diagnostic SPECT/CT. Table 2 summarizes these data.

Interobserver Agreement and Confidence of Anatomic

Lesion Assignment

Interobserver agreement (k value) was moderate for diagnostic
SPECT/CT (0.45), diagnostic CT (0.44), and low-dose SPECT/CT
at 24 h (0.55) and 48 h (0.61); fair for planar imaging at 24 h (0.38)
and 48 h (0.36); and moderate for planar imaging at 4 h (0.42).
Only lesions seen on tomographic imaging were considered in

analyzing the confidence of anatomic lesion assignment, because
the markedly lower number of lesions seen on planar imaging car-
ried a risk of statistical bias. Confidence was highest for diagnostic
SPECT/CT. The respective values for interpreters 1, 2, and 3 were
100%, 100%, and 100% for diagnostic SPECT/CT, followed by
76.7%, 90.3%, and 96.2% for diagnostic CT; 90%, 100%, and 96.2%
for low-dose SPECT/CT at 48 h; and 70%, 90.3%, and 86.5% for
low-dose SPECT/CT at 24 h.

Impact on Therapeutic Management

The additional lesions detected by diagnostic SPECT/CT, in
comparison to the conventional imaging algorithm, had an impact
on therapeutic management in 8 of the 31 patients (25.8%) (Table 1).
In 13 patients (41.9%), the chosen treatment strategy was not
changed. The remaining 10 patients (32.2%) were free of NEN
disease and did not undergo any treatment.
Of the 8 patients whose treatment was changed on the basis of

the diagnostic SPECT/CT results, 4 patients began receiving sys-
temic therapy: somatostatin analog therapy in 3 patients and
chemotherapy (streptozotocin and 5-fluorouracil) in 1 patient (more-
over, the additional diagnosis of new bone metastases in 2 patients
treated with somatostatin analogs made additional bisphosphonate
treatment necessary). In the other 4 patients, local treatment was

TABLE 2
Masked-Interpretation Detection Rate According to Interpreter

Low-dose SPECT/CT

Interpreter Planar imaging 24 h 48 h Diagnostic CT Diagnostic SPECT/CT

1 27.2 [18.7–37.7] 51.9 [41.1–62.4] 51.9 [41.1–62.4] 63.0 [52.1–72.7] 77.8 [67.6–85.5]

2 24.7 [16.6–35.1] 49.4 [38.8–60.0] 55.6 [44.7–65.9] 70.4 [59.7–79.2] 84.0 [74.5–90.4]

3 23.5 [15.6–33.8] 71.6 [61.0–80.3] 67.9 [57.1–77.1] 85.2 [75.9–91.3] 88.9 [80.2–94.0]

Majority 22.2 [14.5–32.4] 54.3 [43.5–64.7.2] 55.6 [44.7–65.9] 71.6 [61.0–80.3] 86.4 [77.3–92.2]

Data in brackets are 95% confidence intervals.

TABLE 3
Masked-Interpretation Detection Rate According to Lesion Location

Modality Liver Bone Lymph node Pancreas Other

Planar imaging 21.7 [9.7–41.9] 25.0 [10.2–49.5] 9.5 [2.7–28.9] 41.7 [19.3–68] 22.2 [6.3–54.7]

Low-dose SPECT/CT 39.1 [22.2–59.2] 87.5 [64–96.5] 47.6 [28.3–67.6] 75.0 [46.8–91.1] 22.2 [6.3–54.7]

24 h

48 h 47.8 [29.2–67] 81.2 [57–93.4] 47.6 [28.3–67.6] 75.0 [46.8–91.1] 22.2 [6.3–54.7]

Diagnostic CT 69.6 [49.1–84.4] 87.5 [64–96.5] 76.2 [54.9–89.4] 58.3 [32–80.7] 55.6 [26.7–81.1]

Diagnostic SPECT/CT 87.0 [67.9–95.5] 100.0 [80.6–100] 90.5 [71.1–97.3] 83.3 [55.2–95.3] 55.6 [26.7–81.1]

Data in brackets are 95% confidence intervals.
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indicated: surgery in 3 patients and local ablative therapy (brachy-
therapy of liver metastases) in 1 patient. All decisions initially made
by the institutional NEN tumor board were confirmed in the re-
evaluation by the study-specific NEN tumor board.

DISCUSSION

The introduction of SPECT/CT for SRS has been of great value
in the anatomic assignment of NEN lesions (17–19) and—because
of early implementation of attenuation correction—in the improve-
ment of image quality (20). Not surprisingly, the resulting evolving
role of SPECT/CT in the management of NEN tumors has recently
been emphasized in a review by Fuccio et al. (21).
A common limitation of NEN imaging studies, including the

current study, is the lack of a true histopathologic gold standard
for verification of lesions. This is why we chose to use modality
performance as a surrogate reference standard, as described by the
term detection rate. The study-specific NEN tumor board could
only inadequately assess the true number of lesions in our patient
cohort and the occurrence of false-negative lesions. Despite this
limitation, a comparison of the submodalities (e.g., planar imaging
vs. low-dose SPECT/CT) within the bounds of our study was still
feasible using detection rate as the performance parameter. Our
analysis showed that the highest majority detection rate could be
achieved when SPECT/CT was combined with diagnostic CT
(86.4%), followed by diagnostic CT alone (71.6%) and low-dose
SPECT/CT (54.3% at 24 h and 55.6% at 48 h), whereas planar
imaging performed the worst (22.2%).
The important role of multiphase CT must be acknowledged. In

a comparative study by Rappeport et al. (22), CT detected 16 of 19
lesions (84.2%) and low-dose SPECT/CT 11 of 19 (57.9%). In our
study also, the detection rate of diagnostic CT was superior to that

of low-dose SPECT/CT (71.6% vs. 54.3% at 24 h and 55.6% at
48 h; Table 2), with the exception of pancreatic NENs (75% for low-
dose SPECT/CT at 24 h vs. 58.3% for diagnostic CT; 83.3% for
diagnostic SPECT/CT; Table 3; Fig. 1). Although a direct com-
parison of the two studies is limited by the differences between
them (retrospective vs. prospective, masked vs. nonmasked, ded-
icated abdominal vs. whole-body imaging, preoperative vs. post-
operative examination, many extrapancreatic gastrinoma patients
vs. none), the diagnostic value of multiphase CTwas confirmed by
our study. Another important observation was that lesions were
detected to a greater extent (41.4%) by either the nuclear medicine
component alone or the radiologic component alone. This was the
case in every category of lesion (apart from lung metastases, whose
detection on SPECT was limited by, for example, partial-volume
effects). Thus, in analogy to PET/CT, the superiority of multiphase
SPECT/CT is explained by the complementary nature of the diag-
nostic CT scan and the SPECT scan, providing the anatometabolic
information needed to choose the therapy for NEN disease (4).
Another similarity to PET/CT imaging is the fact that modern

SPECT/CT systems allow whole-body tomographic acquisitions
(albeit with longer acquisition times than for PET). In accordance
with the reported improved target-to-background ratios for acqui-
sitions at 24 h compared with 48 h (3,15), neither planar nor
tomographic imaging at 48 h showed a relevant improvement over
imaging at 24 h (P . 0.05). However, we believe that the protocol
should still include easily obtainable planar acquisitions (at least
of distal body parts such as the head and extremities) to obtain a
true whole-body examination.
Thus, our data show that with modern SPECT/CT, a streamlined

and more patient-friendly SRS examination using 111In-labeled
somatostatin receptor ligands at a single time point (planar imag-
ing and SPECT/CT) is feasible, confirming the assumption of

FIGURE 1. Imaging study of 39-y-old man with suspected NEN of pan-

creas (patient 3 in Table 1). Although focal uptake on low-dose SPECT/CT

increased from 24 h (A) to 48 h (B) after injection, focus could be decisively

attributed to pancreatic tail only on diagnostic SPECT/CT (D), as contrast-

enhanced CT component itself revealed no hypervascularized cor-

relate (C).

FIGURE 2. Imaging study of 62-y-old woman with NEN of terminal

ileum (patient 4 in Table 1). (A) Hepatic metastases in liver segments

5 and 3 (arrows) were clearly visible on CT because of hypervascu-

larization. (B and C) Within portal-venous (B) and venous (C)

phases, only slight washout was evident on CT. (D) On SPECT,

uptake was observed in central metastasis of segment 4, but no

relevant radioligand was taken up in adjacent hyperperfused lateral

satellite metastases.
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Wong et al. that in SR SPECT/CT an acquisition at 24 h may be
sufficient (23). Moreover, SPECT/CT affected therapy management
in about 25% of patients by detecting previously unknown lesions,
resulting in alteration of the initial treatment strategy. Although
this observation is in line with experience with SR PET/CT imag-
ing, the absolute rate of examinations resulting in treatment
changes is lower than in PET/CT imaging, which has been reported
to alter therapy management in more than half of patients (4,5).
This apparent inferiority of SPECT/CT can be explained in part by
the poorer performance of conventional SRS than of SR PET
(7,8,10). In analogy, and taking such biases as those due to statistics
or different patient populations aside, the majority detection rate of
conventional SRS, including SPECT, in the present study was only
55.6% (low-dose SPECT/CTat 48 h) and does not compare with the
performance of the SR PET component (72.8%) in PET/CT (14).
In this context, it must be mentioned that the performance of SRS

may be improved with 99mTc-labeled SR ligands. In a head-to-head
comparison of 99mTc-labeled hydrazinonicotinyl-Tyr3-octreotide and
111In-octreotide, the former showed a higher sensitivity and higher
lesional uptake and could be performed as a 1-d examination (24).
Moreover, the 99mTc-based approach is also clearly advantageous
with regard to tracer availability and quality of image reconstruction.
Therefore, further prospective comparative studies between these
two tracers are needed. Finally, even taking the prospect of better
SPECT or SPECT/CT performance with 99mTc-labeled tracers into
account, a recent metaanalysis on SR PET and PET/CT reported an
impressive sensitivity of 93% and specificity of 91% for the detec-
tion of NENs (25). Thus, we believe that SR PET/CT should be the
modality of choice for initial staging, before curative surgery, or in
patients with an unknown primary. However, in accord with Schillaci
et al. (26), we conclude that the detection rate of 86% achieved by
modern SR SPECT/CT technique may provide valuable information
in a noncurative setting for patients with metastatic disease under
systemic therapy if SR PET/CT is not available.

CONCLUSION

With state-of-the-art SPECT/CT scanners, it is possible to stream-
line the conventional 111In-DTPA-octreotide SRS protocol to a single
planar and tomographic whole-body acquisition at 24 h after injec-
tion. As expected from PET/CT, the integration of a triple-phase CT
protocol provided robust results, had the highest NEN lesion detec-
tion rate, and greatly improved interpreter confidence in anatomic
lesion assignment. Also, similar to SR PET/CT, conventional hybrid
imaging by SPECT/CT had a high impact on patient management
and therapy planning.
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