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Abstract
Purpose  Somatostatin receptor scintigraphy (SRS) using 111In-DTPA-DPhe1-octreotide (pentetreotide) has become an inte-
gral part of neuroendocrine neoplasm management. The lack of precise quantification is a disadvantage of SRS. This study 
aimed to adapt the standardized uptake value (SUV) to SRS, establish the SUV range for physiological uptake in the liver, 
kidney, and spleen, and elucidate the utility of combined visual and quantitative SRS assessment for staging and restaging 
of neuroendocrine tumors (NETs).
Materials and methods  This study included 21 patients with NETs who underwent 111In-pentetreotide SRS. The SUV of 
physiological and pathological uptake was calculated using bone single-photon emission computed tomography (SPECT) 
quantitative analysis software (GI-BONE). For visual analysis, the primary and metastatic lesions were scored visually on 
planar and SPECT images using a five-point scale. We assessed the relationships between the SUVs of the liver, kidney, and 
spleen in the dual phase, and among quantitative indices, visual score, and pathological lesions classification.
Results  Sixty-three NEN lesions were evaluated. The mean ± standard deviation maximum SUVs (SUVmax) were liver: 
4 h, 2.6 ± 1.0; 24 h, 2.2 ± 1.0; kidney: 4 h, 8.9 ± 1.8; 24 h, 7.0 ± 2.0; and spleen; 4 h, 11.3 ± 4.5; 24 h, 11.5 ± 7.6. Higher 
SUVmax was significantly associated with higher visual scores on dual-phase SPECT (4 h, p < 0.001; 24 h, p < 0.001) (4 h: 
scores 3 and 4, p < 0.05; scores 3 and 5: p < 0.01; scores 4 and 5: p < 0.01; 24 h: scores 3 and 4, p = 0.0748; scores 3 and 5: 
p < 0.01; scores 4 and 5: p < 0.01).
Conclusion  We adapted the SUV to SRS and established the range of SUV for physiological uptake in the liver, kidney, 
and spleen. Combined visual and quantitative assessment is useful for imaging individual lesions in greater detail, and may 
serve as a new tumor marker of SRS for staging and restaging of NETs.

Keywords  111In-pentetreotide · Somatostatin receptor (SSTR) · Somatostatin receptor scintigraphy (SRS) · Neuroendocrine 
tumors (NETs) · Becquerel calibration factor (BCF) · Standardized uptake value (SUV)
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Introduction

Neuroendocrine neoplasms (NENs) are rare tumors arising 
from neuroendocrine cells present throughout the body, 
mainly in the pancreas and gastrointestinal tract; how-
ever, their incidence has risen due to an increase in early 
diagnoses, with stage migration potentially also playing a 
role [1, 2]. The 2019 World Health Organization (WHO) 
classification categorizes NENs as neuroendocrine tumors 
(NETs) and neuroendocrine carcinomas (NECs). NETs are 
further classified into three subgroups, grades 1, 2, and 3, 
according to pathological differentiation, grade, and pro-
liferative activity.

Morphologic imaging modalities, including computed 
tomography (CT), magnetic resonance imaging, ultra-
sonography, and nuclear medicine imaging, are widely 
used in NET management [3]. Nuclear imaging ena-
bles visualization of the somatostatin receptor (SSTR) 
expressed on tumor cells using radionuclide-labeled SSTR 
analogs that bind specifically to the tumor cells, resulting 
in SSTR imaging. Since its advent in the 1980s, SSTR 
imaging has evolved from single photon radioisotope 
scintigraphy (somatostatin receptor scintigraphy [SRS]) 
to 111In-DTPA-DPhe1-octreotide (pentetreotide) SRS and 
68Ga-positron emission tomography (PET) in the 2010s. 
SSTR imaging, including peptide receptor radionuclide 
therapy (PRRT), has been adopted in the management of 
patients with NENs for staging, restaging, and follow-up 
to localize the primary tumor, metastases, and recurrence 
and to monitor the reaction to treatment [4]. A major dif-
ference between SRS and PET is that the latter enables 
quantitative analysis [5]. Lesion uptake in SRS is assessed 
using visual scores, with the physiological uptake by the 
liver, kidney, and spleen as the standard [6]. However, the 
lack of precise quantification is a disadvantage of SRS. To 
date, there are no reports on evaluating SRS using quan-
titative indices. PET, which yields high-quality images, 
can estimate tracer uptake as a quantitative parameter, 
the standardized uptake value (SUV). Generally, PET 
offers superior quantitative analysis over SRS; moreover, 
quantitative analysis software for single-photon emission 
computed tomography (SPECT) has been developed for 
clinical use [7, 8].

Therefore, this study aimed to adapt the SUV to SRS, to 
establish the SUV range of physiological uptake in the liver, 
kidney, and spleen, to clarify the relationship between con-
ventionally used visual assessment and quantitative indices 
using SUV, and evaluate the utility of quantitative assessment 
for SR activity at staging and determining treatment efficacy, 
including PRRT at restaging of NETs.

Materials and methods

This retrospective study was approved by the research ethics 
committee of Tokushima University Hospital, which waived 
the requirement for written informed consent. The informa-
tion disclosure document for this study is available to the 
public on Tokushima University Hospital's website. We per-
formed phantom and clinical studies using a hybrid SPECT/
CT system (Symbia T16; Siemens, Germany).

Phantom study

We conducted a phantom experiment to calculate the Bec-
querel calibration factor (BCF) for converting the count 
scale of SPECT to the radiation dose. A cylindrical phan-
tom (inner diameter: 16 cm, length: 15 cm, and volume: 
3016 mL; Sangyo Kagaku, Tokyo, Japan) was encapsu-
lated with water and 24.6 MBq of 111In-DTPA. The phan-
tom experiment entailed performing SPECT imaging for 
15 min, and the data were reconstructed according to the 
clinical 111In-pentetreotide SPECT/CT protocol (Table 1). 
We acquired the BCF of 111In using the bone SPECT analy-
sis software, GI-BONE (AZE Corp., Tokyo, Japan), to cal-
culate the SUV.

Patient study

The patient characteristics, primary site, and pathologi-
cal grade are presented in Table 2. This study included 
29 examinations of 21 patients (12 men, 9 women; age 
37–83 years) who underwent SRS with 111In-pentetreotide 

Table 1   Image processing

SPECT single-photon emission computed tomography, CT computed 
tomography

SPECT/CT scanner Symbia T16 (Siemens)

RI 111In
Collimator LMEGP
keV 158–183 keV, 227–263 keV
Matrix 128 × 128
Pixel size 3.9 mm
Imaging processing Continuous mode
Rotation 180°
Collection time 30 s × 30
Attenuation correction CTAC​
Filter
OSEM Gaussian 10.00 mm
OSEM
Subset number 6
Iterations 12
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at Tokushima University Hospital between June 2016 and 
March 2023. We examined 15 SRS scans of 15 treatment-
naive patients who underwent a single SRS session for initial 
staging and 14 SRS scans of 6 patients (three scans each 
of two patients and two scans each of four patients) who 
underwent repeated SRS examinations for follow-up; there 
was no overlap between the patients who underwent initial 
staging and those who underwent follow-up examinations. 
The clinical diagnosis was confirmed by board-certified gas-
troenterologists. Pathological confirmation was performed 
in 16 patients with the following results: 7 pancreatic NETs 
(P-NET), 4 duodenal NETs (D-NET), 2 lung NETs, 1 rectal 
NET, 1 pancreaticoduodenal NET, and 1 NET of unknown 
primary site. Dual-phase whole-body planar imaging and 
SPECT/CT were performed approximately 4 h and 24 h after 
intravenous injection of 111 MBq of 111In-pentetreotide. CT 
data were used for attenuation correction and to obtain ana-
tomical information. The body weight and injected radiation 
dose were recorded for all patients and used to calculate the 
SUV.

Visual evaluation

All lesions were independently scored on both planar and 
SPECT images by two board-certified nuclear medicine spe-
cialists. Anterior- and posterior-view planar images were 
examined using a diagnostic viewer system (Centricity Uni-
versal Viewer; GE Healthcare) and SPECT/CT images (three 
types of images, viz, SPECT, CT, and SPECT/CT; thickness: 
2 mm in the three-dimensional axial, coronal, and sagittal 
views) were examined using the AquariousNET worksta-
tion (TeraRecon, Inc.) on separate days. All images were 
displayed on a RadiForce RX270 21.3 Color LCD Monitor 
(EIZO Co.). In cases of discrepancy between the findings, 
the final score was determined via discussion. In cases of 
multiple lesions, the lesion with the most intense uptake 

was included in the analysis. The lesion accumulation was 
compared with the background, liver, and kidney accumu-
lation and scored according to the scoring system shown 
below. The uptake in the liver and kidneys was comprehen-
sively evaluated using both planar and SPECT/CT images; 
the uptake in the entire organ was evaluated, especially for 
the kidney, owing to its heterogeneous structure.

Visual score 1:  ≤ Background
Visual score 2: Background < Lesion < Liver
Visual score 3:  = Liver
Visual score 4: Liver < Lesion < Kidney
Visual score 5:  ≤ Kidney

Quantitative assessment

SUV

The radiation count was converted to a measure of the radio-
activity using the BCF as follows: radioactivity of the region 
(Bq) = (radiation count of the region) × BCF. The bone 
SPECT analysis software, GI-BONE (AZE Corp., Tokyo, 
Japan), was used to calculate the SUV using the follow-
ing formula: SUV = mean volume of interest (VOI) activity 
(MBq/g)/[injected dose (MBq)/body weight (g)] = [(total 
count of the VOI) × BCF/volume of VOI]/[injected dose/
body weight].

Physiological uptake on SPECT

The maximum (SUVmax), peak (SUVpeak), and mean 
(SUVmean) SUVs of physiological uptake in the liver, kid-
ney, and spleen were calculated in the dual phase during 
initial staging in 15 patients (Fig. 1). No threshold was set 
for the VOI. The VOI was set only for the liver, kidney, 
and spleen, respectively, so the surrounding organs were 
not included and confirmed in the three dimensions of the 

Table 2   Patient characteristics

SD standard deviation

Grade Total Initial staging Follow-up

Number of patients (examinations) 21 (29) 15 (15) 6 (14)
Men/women 12/9 8/7 4/2
Age: mean (range) 62.3 (37–83) 65.3 (37–83) 59.1 (47–77)
Body weight: mean (SD) 62.3 (17.6) 61.8 (14.0) 62.8 (21.4)
Pancreas 1 1 1

2 6 3 3
Unknown 5 5

Duodenum 2 4 2 2
Lung 2 2 1 1
Pancreatic duodenum 1 1 1
Rectum 1 1 1
Unknown 2 1 1
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horizontal, coronal, and sagittal views. Four patients with 
liver metastasis were excluded from the liver analysis.

Lesion uptake

The SUVmax of the primary lesion, liver, lymph node, and 
bone metastasis in the dual phase were measured separately 
using the previous BCF. In cases of multiple liver, lymph 
nodes, and bone lesions, the lesion with the highest uptake 
intensity was included in the analysis. All lesions were 
assessed to investigate the relationship between visual scor-
ing and quantitative analysis, and the SUVmax and visual 
scores of 15 primary lesions in the initial staging group were 
compared with the WHO pathological classification. Fig-
ure 2 depicts the images of a patient with a grade 2 primary 
D-NET measuring 2.3 cm, which showed homogeneous 
enhancement and multiple liver metastases with lower den-
sity than that of the liver parenchyma.

Treatment response

To evaluate the treatment response, we calculated the reduc-
tion score and reduction rate as follows:

Statistical analysis

Wilcoxon's signed-rank test was used to compare the physi-
ological uptake of each organ in the respective phase. Based on 
the histograms and quantile–quantile plots, a non-parametric 
distribution of SUVmax (i.e., lesion uptake) was assumed. 

Reduction score = (preVisual score)−(postVisual score)

Reduction rate (%)

=
{[

(preSUVmax) − (postSUVmax)
]

∕preSUVmax
}

× 100

Fig. 1   VOI image on GI-BONE showing physiological uptake. VOI image: a liver, b kidney, c spleen. Each VOI is set in a three-dimensional 
plane. VOI volume of interest
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The association between lesion uptake measured as the SUV-
max and the visual score on SPECT was compared using the 
Kruskal–Wallis test and Steel–Dwass test for unpaired data. 
Statistical significance was set at p < 0.05. All statistical analy-
ses were performed using Bellcurve for Excel, version 4.04.

Results

Phantom study

The BCF derived from the phantom experiment was 
2195.02 Bq/cps.

Physiological uptake

The SUV of physiological uptake in patients who under-
went initial staging is presented in Table 3 and Fig. 3. The 
mean ± standard deviation (SD) (range) of SUVmax of 
the liver were 2.6 ± 1.0 (1.4–4.9) and 2.2 ± 1.0 (1.1–4.6), 
those of the kidney were 8.9 ± 1.8 (5.4–11.5) and 7.0 ± 2.0 
(3.8–11.3), and those of the spleen were 11.3 ± 4.5 
(5.6–22.1) and 11.5 ± 7.6 (4.6–28.6) at 4 h and 24 h, respec-
tively. The mean ± SD (range) of SUVpeak of the liver were 

2.4 ± 1.0 (1.3–4.7) and 2.1 ± 1.0 (1.0–4.5), those of the kid-
ney were 8.2 ± 1.7 (5.2–10.8) and 6.5 ± 1.9 (3.6–10.5), and 
those of the spleen were 10.7 ± 4.3 (5.4–21.0) and 10.9 ± 7.3 
(4.2–28.0) at 4 h and 24 h, respectively. The mean ± SD 
(range) of SUVmean of the liver were 1.8 ± 0.8 (0.9–3.8) 
and 1.5 ± 0.8 (0.7–3.4), those of the kidney were 5.6 ± 1.0 
(3.7–7.9) and 4.3 ± 1.0 (2.3–6.0), and those of the spleen 
were 8.1 ± 2.5 (3.4–12.6) and 7.8 ± 3.9 (3.7–16.1) at 4 h and 
24 h, respectively.

Four patients with liver metastases and one with one 
kidney were excluded from the liver and kidney analyses, 
respectively. There were no significant differences in the 
SUV indices of the spleen after 4 h and 24 h (Wilcoxon's 
signed-rank, SUVmax; p = 0.1914, SUVpeak; p = 0.1914, 
SUVmean; p = 0.1252), but there were significant differ-
ences in the respective values corresponding to the other 
organs.

Combined visual and quantitative assessment

The combined visual and quantitative assessment findings 
of all primary and metastatic lesions are shown in Tables 4 
and 5 and Fig. 4. The SUVmax increased with an increase 
in the visual score. The SUVmax range showed a wide vari-
ation for the visual score of 5. Moreover, the differences 

a

b

c d

Fig. 2   NET of the duodenum. VOI image: a primary lesion, b liver 
metastasis. Contrast-enhanced CT in the delayed phase, c primary 
lesion, d liver metastasis. NET of the duodenum, measuring 2.3 cm, 

shows homogeneous enhancement and multiple liver metastases with 
low density compared with that of the liver parenchyma. NET neu-
roendocrine tumor, CT computed tomography
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between scores 3 and 4 and between scores 4 and 5 were 
statistically significant. The results of the combined visual 
and quantitative assessment with the WHO classification of 
patients who underwent initial staging are shown in Table 4 
and Fig. 5. Sixty-three NEN lesions (primary lesion, n = 29; 
liver metastasis, n = 18; lymph node metastasis, n = 11; 
bone metastasis, n = 5) were observed. In cases of multi-
ple lesions, the highest uptake of each site was analyzed. 
Visual evaluation showed that physiological uptake in the 
urinary system (kidneys and bladder), spleen, and highly 
concentrated metastases overlapped with the uptake of the 
lesions more frequently on planar imaging than on SPECT 
imaging. Additionally, since SPECT is more sensitive and 

accurate than planar imaging [9], the visual score was rep-
resentative of these aspects of SPECT. For all NEN lesions, 
the correlation between the SPECT-derived visual score and 
SUVmax of each phase is shown in Fig. 4. A higher SUV-
max was significantly associated with a higher visual score 
(Kruskal–Wallis: 4 h, average rank: score 3, 9.50; score 4, 
22.21; score 5, 45.00; p < 0.001; 24 h, average rank: score 3, 
9.86; score 4, 21.58; and score 5, 43.71; p < 0.001). Visual 
scores 4 and 5 showed significant differences in SUVmax 
at each time point (Steel–Dwass, 4 h: score 3 and score 4, 
p < 0.05; score 3 and score 5, p < 0.01; score 4 and score 5, 
p < 0.01; 24 h: score 3 and score 4, p = 0.0748; score 3 and 
score 5, p < 0.01; score 4 and score 5, p < 0.01). Figure 5 

Table 3   SUV of physiological uptake in patients who underwent initial staging

SUV standardized uptake value, NET neuroendocrine tumor, SUVmax maximum standardized uptake value, SUVpeak peak standardized uptake 
value, SUVmean mean standardized uptake value, SD standard deviation

NET location Grade Phase SUVmax SUVpeak SUVmean

Liver Kidney Spleen Liver Kidney Spleen Liver Kidney Spleen

1 Pancreatic duodenum 1 4 h 2.0 8.1 6.5 1.8 7.5 6.1 1.3 5.1 5.3
24 h 1.7 5.6 4.6 1.5 5.1 4.2 1.0 3.5 3.7

2 Pancreas 1 4 h 1.8 5.4 5.6 1.7 5.2 5.4 1.3 3.7 3.4
24 h 1.5 3.8 5.2 1.3 3.6 5.1 0.9 2.3 3.9

3 Pancreas 2 4 h 2.6 9.6 9.8 2.5 9.2 9.3 1.9 7.9 8.1
24 h 2.1 8.4 9.5 2.0 8.0 8.9 1.5 6.0 7.4

4 Pancreas 2 4 h 2.1 11.5 15.5 2.0 10.8 14.6 1.5 7.0 12.5
24 h 1.7 7.8 14.5 1.5 7.2 13.4 1.1 4.9 11.4

5 Pancreas 2 4 h 4.9 11.0 22.1 4.7 10.0 21.0 3.8 5.8 11.5
24 h 4.6 11.3 27.6 4.5 10.5 26.2 3.4 5.3 14.2

6 Pancreas Unknown 4 h 2.9 8.7 8.3 2.6 7.7 7.8 2.0 5.1 6.3
24 h 2.3 7.7 7.1 2.2 7.3 6.9 1.8 4.6 5.5

7 Pancreas Unknown 4 h 2.4 8.7 9.7 2.2 7.8 8.7 1.5 4.8 7.2
24 h 1.9 6.9 7.3 1.7 5.9 6.5 1.1 3.5 5.7

8 Pancreas Unknown 4 h 2.4 9.7 10.1 2.1 9.0 9.4 1.6 6.5 7.4
24 h 1.9 6.1 8.4 1.8 5.8 8.0 1.3 4.6 6.4

9 Pancreas Unknown 4 h 2.4 7.3 9.3 2.3 6.8 8.6 1.6 5.2 7.6
24 h 2.0 5.8 8.1 1.8 5.3 7.5 1.2 3.7 6.0

10 Pancreas Unknown 4 h 4.0 10.0 16.5 3.7 9.1 15.1 2.7 5.6 12.6
24 h 3.7 8.4 17.9 3.4 7.3 16.3 2.5 4.5 12.9

11 Duodenum 2 4 h 6.7 8.6 6.3 8.1 5.2 7.3
24 h 5.9 6.3 5.5 5.9 4.3 5.2

12 Duodenum 2 4 h 9.5 9.8 8.9 9.3 5.8 7.1
24 h 7.3 9.1 6.8 8.7 4.5 6.8

13 Rectum 1 4 h 1.4 6.8 9.3 1.3 6.4 8.9 0.9 4.9 7.0
24 h 1.1 4.1 7.4 1.0 3.7 6.8 0.7 2.7 5.6

14 Unknown 2 4 h 11.2 11.8 10.3 11.3 6.4 8.7
24 h 9.2 11.3 8.6 10.8 5.2 5.8

15 Lung 2 4 h 17.2 16.5 9.4
24 h 28.6 28.0 16.1

Total (mean ± SD) 4 h 2.6 ± 1.0 8.9 ± 1.8 11.3 ± 4.5 2.4 ± 1.0 8.2 ± 1.7 10.7 ± 4.3 1.8 ± 0.8 5.6 ± 1.0 8.1 ± 2.5
24 h 2.2 ± 1.0 7.0 ± 2.0 11.5 ± 7.6 2.1 ± 1.0 6.5 ± 1.9 10.9 ± 7.3 1.5 ± 0.8 4.3 ± 1.0 7.8 ± 3.9
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depicts the relationship between the WHO classification 
and SUVmax and that between the WHO classification and 
visual score on SPECT in each phase for the primary lesions 
of 15 patients who underwent initial imaging. All three sites 
diagnosed with grade 1 NET were biased towards a visual 
score of 5 in each phase. In contrast, grade 2 lesions showed 
a wider distribution for SUVmax and the visual score than 
grade 1 lesions. From the early to late phases, the accu-
mulation decreased slightly in grade 1 lesions, whereas it 
increased, was almost unchanged, or decreased in grade 2 
lesions. In contrast, only 1 out of 10 lesions showed a change 
in the visual score. The visual score remained constant even 
when the SUVmax fluctuated greatly, such as in Patients 5 
and 11. Figure 6 depicts the findings of Patient 2 from the 
initial staging group, who had a grade 1 P-NET measur-
ing 1.7 cm, which exhibited strong homogeneous enhance-
ment on early-phase dynamic CT. There was no evidence of 
lymph node and distant metastases on body CT and SRS. 
The primary lesion showed intense SRS uptake, a score of 
5, and an SUVmax of 5.0 in the early phase; a visual score 
of 5 and an SUVmax of 2.5 in the delayed phase; and an 
SUVmax of 1.9 on 18F-fluorodeoxyglucose (FDG)-PET/CT, 
which closely approximated that of the pancreas. Figure 7 
shows the findings of Patient 3 from the initial staging group, 
who had a grade 2 P-NET in the pancreatic head measuring 
1.7 cm, which exhibited strong homogeneous enhancement 
in the early phase of dynamic CT. There was no evidence of 
lymph node and distant metastases on body CT and SRS. In 

the early phase, the primary lesion showed moderate uptake, 
a visual score of 3, and an SUV max of 3.4. In the delayed 
phase, the visual score was 4, and SUVmax was 2.5. The 
lesion showed intense FDG uptake with an SUVmax of 57.3 
on FDG-PET/CT.

The reduction score and reduction rate of the primary 
and distant metastases of the patients in the follow-up group 
are shown in Table 6. Even when the reduction score was 0, 
and there was no visually apparent change in aggregation, 
the reduction rate ranged from − 216% to 61% after 4 h and 
from − 266% to 70% after 24 h. Additionally, the reduc-
tion rate after PRRT was more than 40% in all lesions in 
three patients, enabling quantitative evaluation of the treat-
ment effect. Figure 8 depicts the findings of Patient 1 from 
the follow-up group, who had a grade 2 P-NET with liver 
metastasis that was treated with chemotherapy and PRRT. 
After the first chemotherapy course, the primary lesion at 
the pancreatic tail showed very intense uptake, a visual 
score of 5, and an SUVmax of 26.8, and the liver metastasis 
showed almost the same uptake as the liver, a visual score 
of 3, and an SUVmax of 2.5. After the second chemotherapy 
course, the primary lesion uptake on SRS decreased, the 
visual score was 5, SUVmax was 11.3, reduction score was 
0, and reduction rate was 58%. Multiple liver metastases 
were identified, with a score of 5, an SUVmax of 19.5, a 
reduction score of − 2, and a reduction rate of − 691%. After 
PRRT, the primary lesion uptake on SRS slightly decreased 
compared with that on the previous scan, the visual score 

liver(4h) 

liver(24h) 
kidney(4h) spleen(4h) 

kidney(24h) spleen(24h) 
liver(4h) 

liver(24h) 
kidney(4h) spleen(4h) 

kidney(24h) spleen(24h) 

liver(4h) 

liver(24h) 
kidney(4h) spleen(4h) 
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*
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p = 0.1914 
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p = 0.1252 

**
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Fig. 3   Box plot analysis of physiological uptake. a SUVmax, b 
SUVpeak, and c SUVmean of the organ on dual-phase imaging (Wil-
coxon signed-rank, **; p < 0.01, *; p < 0.05). SUVmax maximum 

standardized uptake value, SUVpeak peak standardized uptake value, 
SUVmean mean standardized uptake value
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was 4, SUVmax was 4.6, reduction score was 1, and reduc-
tion rate was 59%. Multiple liver metastases were observed, 
with a score of 4, an SUVmax of 4.0, a reduction score of 
1, and a reduction rate of 80%. The pattern and degree of 
physiological uptake of the liver, kidney, and spleen varied 
among individuals. The liver, spleen, and kidneys showed 
high accumulation after the first chemotherapy course. The 
liver and kidneys showed almost equal accumulation, which 
was higher than that of the spleen, after the second chemo-
therapy course. In contrast, the spleen showed higher accu-
mulation than the kidneys after PRRT.

Discussion

We first adapted the SUV to SRS, established the SUV range 
of physiological uptake in the liver, kidney, and spleen, clari-
fied the relationship between conventional visual analysis 
and quantitative indices using SUV, and demonstrated the 
utility of quantitative assessment for SR activity at staging 
and for evaluation of treatment response, including PRRT 
at restaging of NETs.

Nuclear imaging, such as SPECT and PET, plays a vital 
role in managing patients with NEN. SSTR imaging with 
111In-pentetreotide or 68Ga-labeled PET can enable visuali-
zation of SSTR expression and is useful for grade 1 and 2 
NETs. FDG-PET can be used to visualize tumor activity 

Table 4   Visual score and SUVmax of primary and metastatic lesions of patients who underwent initial staging

SUVmax maximum standardized uptake value, NET neuroendocrine tumor, SPECT single-photon emission computed tomography, n/a not appli-
cable

NET location Grade Phase Primary lesion Liver metastasis Bone metastasis

Visual score SUVmax Visual score SUVmax Visual score SUVmax

Planar SPECT Planar SPECT Planar SPECT

1 Pancreatic duodenum 1 4 h 3 5 8.0
24 h 4 5 5.2

2 Pancreas 1 4 h 5 5 5.0
24 h 5 5 2.5

3 Pancreas 2 4 h 2 3 3.4
24 h 2 4 2.5

4 Pancreas 2 4 h 5 4 6.6
24 h 4 4 4.4

5 Pancreas 2 4 h 5 5 34.0
24 h 5 5 44.8

6 Pancreas Unknown 4 h 2 3 2.9
24 h 2 3 2.1

7 Pancreas Unknown 4 h 2 3 3.1
24 h 2 4 3.7

8 Pancreas Unknown 4 h 2 4 2.9
24 h 2 4 1.8

9 Pancreas Unknown 4 h n/a 4 5.7
24 h n/a 5 4.8

10 Pancreas Unknown 4 h n/a 5 14.2
24 h n/a 5 14.9

11 Duodenum 2 4 h 5 5 25.4 4 4 5.1
24 h 5 5 19.6 4 4 2.5

12 Duodenum 2 4 h 5 5 11.4 5 5 9.7
24 h 5 5 10.8 5 5 6.8

13 Rectum 1 4 h 5 5 10.3
24 h 5 5 9.1

14 Unknown 2 4 h 3 3 4.3 5 5 11.7 3 4 6.9
24 h 3 3 3.0 5 5 11.6 3 4 5.5

15 Lung 2 4 h 3 3 3.3 4 4 8.5
24 h 3 3 4.5 4 4 13.3
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in the form of glucose metabolism and for imaging high-
grade NETs and NECs. The uptake of SRS and FDG-PET 
is inversely correlated with pathological differentiation and 
tumor cell proliferation [10, 11]. To interpret SRS find-
ings, we simultaneously assess the degree of lesion uptake 
in planar and SPECT/CT images. Visual scoring involves 

evaluating the lesion uptake with the liver, kidney, and 
spleen as reference. Visual scoring is simple but subjective, 
and the score is affected by the reference organ uptake, espe-
cially when the kidney is the reference, as the uptake pattern 
differs between the renal cortex and medulla. The coinci-
dence rate and reproducibility of visual scoring are relatively 
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Fig. 4   Scatter plot of the relationship of the visual score on SPECT 
performed at a 4  h and b 24  h after injection with SUVmax 
(Kruskal–Wallis, p < 0.001: Steel–Dwass, **p < 0.01, *p < 0.05). 
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low, with 8 of 232 sites showing inter-observer mismatch in 
our study. Visual scoring is a step evaluation; therefore, the 
degree of uptake cannot be quantitatively evaluated. The 
SUV is a widely used quantitative index in PET imaging but 
has not been used in SPECT imaging. The lack of quantita-
tive analysis is a major disadvantage of SRS compared with 
PET. In PET/CT, CT data is used for attenuation correction 

in the PET image to quantify the accumulation. Recently, 
SPECT/CT systems have been developed, and as with PET/
CT, performing attenuation correction using CT data and 
quantifying the accumulation is now possible. The develop-
ment of hybrid SPECT/CT scanners and quantitative SPECT 
analysis software has enabled the conversion of radioactivity 
into quantitative indices. The CT data derived from SPECT/

Visual score (SPECT) 5 5 ―

SUVmax 5.0 2.5 1.9

b-1 c-1 d-1

b-2 c-2 d-2

b-3 c-3 d-3

a

Fig. 6   a Imaging findings of Patient 2 from the initial staging group. 
A grade 1 NET in the pancreas, measuring 1.7  cm, shows strong 
homogeneous enhancement in the early phase of dynamic CT. There 
is no evidence of lymph node or distant metastases on body CT and 
SRS. The primary lesion shows intense SRS uptake as follows: b-1 
to b-3) score: 5, SUVmax: 5.0 in the early phase, c-1 to c-3) score: 
5, SUVmax: 2.5 in the delayed phase, d-1 to d-3) SUVmax: 1.9 on 

FDG-PET/CT, approximately equal to that of the pancreas. NET 
neuroendocrine tumor, CT computed tomography, SRS somatosta-
tin receptor scintigraphy, SUVmax: maximum standardized uptake 
value, FDG-PET/CT fluorodeoxyglucose-positron emission tomogra-
phy/computed tomography, SPECT single-photon emission computed 
tomography
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CT is used for attenuation correction and obtaining morpho-
logical information. Previously, we adapted the SUV and 
proposed new quantitative indices for dopamine-transporter 
SPECT with 123I-ioflupane and cardiac amyloidosis scin-
tigraphy with 99mTc-pyrophosphate [7, 8]. We thought of 
adapting a quantitative index, i.e., SUVmax, to SRS, giv-
ing it a new role in the management of patients with NEN. 
Quantitative FDG-PET indices such as the SUV, MTV, and 
TLG are routinely used in clinical practice. In SSTR-PET, 

quantitative evaluation with the SUV is possible, and a vol-
umetric index, DTTV, is reportedly useful in determining 
treatment efficacy. Although SSTR-PET is preferred over 
SRS for molecular imaging of NETs due to its high spa-
tial resolution and quantification, SRS remains important 
in NET imaging. We conducted this study believing that 
identifying a quantitative index for SRS, similar to those 
for FDG-PET and SSTR-PET, could be useful for patient 
management. SRS assessment is mainly performed visually 

Visual score (SPECT) 3 4 ―

SUVmax 3.4 2.5 57.3

b-1

b-2

b-3

c-1

c-2

c-3

d-2

d-3

a

d-1

Fig. 7   a Imaging findings of Patient 3 from the initial staging group. 
A grade 2 NET in the pancreatic head, measuring 1.7  cm, shows 
strong homogeneous enhancement in the early phase of dynamic CT. 
There is no evidence of lymph node or distant metastases on body CT 
and SRS. The primary lesion shows moderate uptake as follows: b-1 
to b-3) score: 3, SUVmax: 3.4 in the early phase. c-1 to c-3) score: 4, 

SUVmax: 2.5 in the delayed phase. d-1 to d-3) intense FDG uptake 
with an SUVmax of 57.3 on FDG-PET/CT. NET neuroendocrine 
tumor, CT computed tomography, SRS somatostatin receptor scintig-
raphy, SUVmax: maximum standardized uptake value, FDG-PET/CT 
fluorodeoxyglucose-positron emission tomography/computed tomog-
raphy, SPECT single-photon emission computed tomography
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and entails a comparison of abnormal uptake in the lesion 
with physiological uptake in reference organs such as the 
liver, kidney, or spleen [6]. Herein, we first adapted the SUV 
to SRS and proposed a quantitative assessment method for 
both physiological and abnormal uptake. Besides analyzing 
abnormal uptake, we needed to quantify the physiological 
uptake. We established the range and mean of the physiolog-
ical SUV of organs, including the liver, kidney, and spleen. 
The normal SUV varied over a range, which was the largest 
in the liver, followed by the kidney and spleen, respectively, 
and matched the visual score. Furthermore, physiological 
uptake tended to decline with the quantitative index from 
the early to the delayed phase, even if no difference between 
the dual-phase images could be visually noted. In contrast, 
the lesion SUV showed a variable pattern of increase or 
decrease, or no change, in the delayed phase of dual-phase 
imaging. The SUV range varied for each score, especially 

score 5. The degree of uptake can be evaluated in great detail 
when the lesion uptake is substantially higher than that of 
the kidney, the liver and kidney show almost equal uptake, or 
the liver shows more intense uptake than that of the kidney. 
By thus quantifying lesion accumulation, objective quanti-
tative evaluation is possible regardless of the physiological 
accumulation. Analyzing the correlation among the SUV, 
pathological grade, and visual score revealed that all three 
patients with grade 1 NET had a visual score of 5 and the 
SUV ranges were 5.0–10.3 at 4 h and 2.5–9.1 at 24 h, and 7 
patients with grade 2 lesions had visual scores of 3–5 (equal 
to or more than that of the liver), and the SUV range was 
wide. Even when the SUVmax changed slightly, the visual 
score did not change because visual scoring is a step scoring. 
We found that grade 1 lesions showed intense uptake, and 
grade 2 lesions showed moderate to intense uptake depend-
ing on pathological differentiation and tumor proliferation. 

Primary 5 5 4
Visual score (SPECT)

Meta 3 5 4

Primary ― 0 1
Reduction score

Meta ― -2 1

Primary 26.8 11.3 4.6
SUVmax

Meta 2.5 19.5 4.0

Primary ― 58 % 59 %
Reduction rate

Meta ― -691 % 80 %

Kidney 5.6, 7.2 3.5, 4.9 3.9, 7.7
SUVmean, SUVmax

Spleen 4.1, 4.9 2.7, 3.8 6.4, 10.4

a-1 b-1 c-1

a-2 b-2 c-2

Fig. 8   Imaging findings from the early phase (4 h) of Patient 1 from 
the follow-up group who had grade 2 NET of the pancreas with 
liver metastasis treated with chemotherapy and PRRT. a After the 
first chemotherapy course. b After the second chemotherapy course. 
c After PRRT. a-1) Primary lesion at the pancreatic tail shows very 
intense uptake, a visual score of 5, and an SUVmax of 26.8. The liver 
metastasis shows almost the same uptake as the liver, a visual score 
of 3, and an SUVmax of 2.5. b-1) The primary lesion uptake on SRS 
has considerably decreased. The visual score is 5, SUVmax is 11.3, 
the reduction score is 0, and the reduction rate is 58%. Multiple liver 
metastases can be identified, with a visual score of 5, an SUVmax 
of 19.5, a reduction score of −  2, and a reduction rate of −  691%. 
c-1) The primary lesion uptake on SRS has slightly decreased com-
pared with that on the previous scan. The visual score is 4, SUVmax 

is 4.6, the reduction score is 1, and the reduction rate is 59%. Multiple 
liver metastases can be identified, with a visual score of 4, an SUV-
max of 4.0, a reduction score of 1, and a reduction rate of 80%. a-2), 
b-2), and c-2) Coronal-view images of the liver, kidney, and spleen. 
The degree and pattern of physiological accumulation for the liver, 
kidney, and spleen vary among individuals. In a-2, the liver, spleen, 
and kidneys are highly accumulated. In b-2, the liver and kidneys are 
almost equally accumulated, and they show higher accumulation than 
the spleen. In c-2, the spleen is more accumulated than the kidneys. 
NET: neuroendocrine tumor, PRRT​ peptide receptor radionuclide 
therapy, SUVmax maximum standardized uptake value, SRS somato-
statin receptor scintigraphy, SPECT single-photon emission computed 
tomography, Meta metastasis, SUVmean mean standardized uptake 
value
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These results support those of previous studies [12]. We 
investigated the relationship between histopathologic dif-
ferentiation and cell proliferative potential (histopathological 
grade) in patients with NET who had been diagnosed before 
treatment by combining conventional visual scoring and 
quantitative evaluation using SUV. All patients with grade 
1 lesions had a visual score of 5, whereas some patients 
with grade 2 lesions had a score of 3 or 4. Comparing each 
patient’s scores at 4 and 24 h revealed that all patients with 
grade 1 lesions had a score of 5 at both 4 and 24 h, whereas 
the score of one patient with a grade 2 lesion increased from 
3 at 4 h to 4 at 24 h. Furthermore, SUV evaluation provided 
a detailed quantitative index of the change from the 4 h to 
the 24 h time point. The accumulation showed a wide range 
even when the score was the same. Patients with grade 2 
lesions showed the highest SUV. We expect the correlation 
between pathological grade and SUV obtained using SRS 
to become clearer with the collection of more cases in the 
future. Additionally, predicting the pathological grade based 
on the accumulation pattern may become possible due to 
the time-phase difference. Some participants underwent two 
examinations with SRS and FDG-PET/CT. One patient with 
grade 1 P-NET showed intense uptake with a visual score 
of 5, an SUVmax of 5.0 (4 h) and 2.5 (24 h) on SRS, and an 
SUVmax of 1.9 on FDG-PET/CT, which closely approxi-
mated that of the pancreas. A patient with grade 2 P-NET 
showed moderate uptake, a score of 3, and an SUVmax of 
3.4 in the early phase; a visual score of 4 and an SUVmax 
of 2.5 in the delayed phase; and very intense uptake with 
an SUVmax of 57.3 on FDG-PET/CT. Thus, grade 2 NET 
lesions can demonstrate highly intense uptake according to 
tumor activity, i.e., proliferation. By comparing the quanti-
tative methods, including SUV, established for SSTR-PET 
and FDG-PET [13, 14], with SRS-SUV, the relationship 
with cell proliferation, mitosis, and pathological grade can 
be elucidated.

The PET Response Criteria In Solid Tumors (PERCIST), 
which builds upon the Response Evaluation Criteria in Solid 
Tumors (RECIST) used to determine the therapeutic efficacy 
of tumors, was established in 2009 and is widely used in 
clinical practice [15–17]. The RECIST refers to the lesion 
status obtained from imaging studies but does not include 
SPECT [18, 19]. Predicting the therapeutic effect of SPECT 
is difficult due to the low spatial resolution and lack of 
quantitative indices. The response to PRRT has been previ-
ously predicted with the Krenning score, metastasis to liver 
uptake ratio (M/L ratio), and asphericity [20–22]. Christoph 
et al. reported that asphericity is a more effective predictive 
parameter for PRRT in patients with gastroenteropancreatic 
NEN than the Krenning score and M/L ratio [22]. Herein, 
we devised a quantitative analysis method by applying the 
SUV derived from PET to 111In-pentetreotide SRS, enabling 
quantitative assessment of individual lesions and monitoring 

the therapeutic effect using SUV in SRS. We calculated the 
reduction rate to reflect the response to treatment such as 
chemotherapy and PRRT. European guidelines recommend 
using SRS to determine the effectiveness of PRRT, and by 
quantitatively comparing the lesion accumulation (SUV) on 
SRS before and after PRRT, SRS can be considered equiva-
lent to PET [23]. We compared the reduction rate derived 
from the SUVmax of SRS before and after treatment with 
the reduction score derived from the visual score. Even 
when the reduction score is 0, the reduction rate can reflect 
changes in accumulation, and the treatment effect can be 
quantitatively analyzed. One drawback of visual evaluation 
is that it is assessed subjectively based on the physiological 
accumulation in the liver, kidney, and spleen. For example, 
in one patient in the follow-up group, the SUV mean of the 
kidneys and spleen significantly changed from 3.5–5.6 to 
2.7–6.4 from the first to the third examination, and the SUV-
max was 4.9–7.7 and 3.8–10.4, respectively. Since physi-
ological accumulation is not constant, correctly evaluating 
the treatment effect via visual evaluation of physiological 
accumulation is difficult. However, quantitative analysis 
using SUV is not affected by physiological accumulation. 
SUV may find application as a new imaging biomarker for 
initial staging and restaging. Combining quantitative evalua-
tion using SUV with conventional visual evaluation makes it 
possible to clarify the relationship between the magnitude of 
each degree of integration and to make an objective assess-
ment. In a study comparing the detection sensitivity of SRS 
and FDG-PET with respect to the Ki67 index, the sensitivi-
ties of SRS and FDG-PET were 87% and 41%, respectively, 
for a Ki67 index < 2; 96% and 73%, respectively, for a Ki67 
index of 2–15; and 69% and 92%, respectively, for a Ki67 
index > 15. SRS is reportedly useful for well-differentiated 
NETs, and FDG-PET for high-grade NETs [24, 25]. 68Ga-
labeled PET can demonstrate SSTR expression with high 
image quality and detectability that is superior to that of SRS 
[26]. Ortega et al. reported multiple quantitative indices for 
SSTR-PET/CT to predict the response to PRRT [27]. Clini-
cians prefer SSTR-PET over SRS due to its higher spatial 
resolution and anomaly detectability, as well as its quantita-
tive evaluation capability. Buchmann et al. compared 68Ga-
DOTATOC and 111In-pentetotide using radiation counts and 
SUVs to calculate the tumor proportion and physiological 
accumulation [26]. However, since the equations used for the 
two indicators differ, simply comparing the accumulation of 
111In and 68Ga is impossible. Thomas et al. did not compare 
lesion accumulation between 111In-pentetreotide and 68Ga-
DOTATATE, because SRS cannot be quantitatively ana-
lyzed [28]. Using the SRS-SUV, examining the relationship 
between the two examinations may be possible. Neverthe-
less, 68Ga-labeled PET is not widely used because of limi-
tations associated with radioisotope production and supply, 
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although its use enables quantitative evaluation similar to 
PET using SRS in facilities where SSTR-PET is unavailable.

There are two limitations of this study. The first is the 
small sample size. This study was performed at a single 
center using only one hybrid SPECT/CT system; the patient 
population was small, and no patients with grade 3 NETs 
or NECs were included. Five patients with P-NET from the 
initial staging group did not undergo pathological confirma-
tion. The second limitation is that the BCF differs according 
to the SPECT/CT system. However, this quantitative analy-
sis method can be performed anywhere, and the BCF must 
be calculated for each SPECT/CT system according to the 
clinical scan protocol and parameters used at each institu-
tion. The SUV may differ for each imaging system. Future 
studies should focus on clarification and standardization of 
the quantitative index for different SPECT/CT systems.

Conclusion

We adapted the SUV to SRS and established the SUV range 
for physiological uptake in the liver, kidney, and spleen. 
SRS remains important in NET management. SRS-SUV is 
a potential novel tumor marker for primary and metastatic 
NET. A combination of quantitative assessment using SRS-
SUV with simple conventional visual scoring can enable 
objective and quantitative assessment of the degree of and 
temporal changes in accumulation.
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