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Abstract
Objective  123I metaiodobenzylguanidine (MIBG) scintigraphy is a useful tool for the diagnosis of pheochromocytomas 
(PHEOs), but some PHEOs are difficult to differentiate from cortical adenoma (CA) or normal adrenal uptake by visual 
evaluation alone. A new semi-quantitative analysis using 123I MIBG SPECT/CT is thus expected. Herein, we introduce the 
tumor-to-liver count ratio (T/L) and the tumor-to-muscle count ratio (T/M).
Methods  We examined the cases of 21 patients with PHEOs (10 males, 11 females; age 24–80, median 61 years) and 23 
patients with CA (15 males and 8 females, age 30–78, median 58 years). The visual scoring based on 123I MIBG planar 
images (planar score) and SPECT images (SPECT score) was used as the conventional evaluation. Using 123I MIBG SPECT/
CT findings, we calculated the semi-quantitative values of the count ratio using the maximum or mean count of the tumor 
and the liver or muscle as the reference organ (T/Lmax, T/Lmean, T/Mmax and T/Mmean). Each evaluation of the PHEOs and CAs 
was compared, and the diagnosing performance was evaluated based on an ROC analysis.
Results  The area under curve (AUC) values were as follows: the planar score, 0.833; SPECT score, 0.813; T/Lmax, 0.986; 
T/Lmean, 0.975; T/Mmax, 0.955; and T/Mmean, 0.933. The AUC for T/Mmax was significantly higher than those of the planar 
score, and SPECT score by ROC analysis (p < 0.01 each).
Conclusion  The semi-quantitative value of 123I MIBG SPECT/CT is more useful than the conventional visual evaluation 
for differentiating PHEOs from CAs.
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Introduction

Pheochromocytomas (PHEOs) are common adrenal tumors 
arising from chromaffin cells of the adrenal medullas [1]. 
It is important to differentiate PHEOs from other adre-
nal tumors for better clinical management and treatment 

outcomes. CT and MRI are reported to be good modalities 
for diagnosing PHEOs, but sometime these methods may not 
work well depending on the tumors' histopathological condi-
tions [2, 3]. PHEOs may contain variable histopathological 
components such as lipid, necrotic lesion, cystic changes, 
and more which make it difficult to differentiate PHEOs 
from cortical adenoma (CA) [4].

Metaiodobenzylguanidine (MIBG) scintigraphy is also 
a good imaging tool for suspected PHEO [5]. MIBG is 
a guanidine analogue similar to norepinephrine that can 
enter chromaffin cells through both active uptake via nor-
epinephrine transporters (NETs) [6] and passive diffu-
sion, and MIBG is stored in the neurosecretory granules 
through vesicular monoamine transporters (VMATs) [7]. 
The diagnosis of abnormal MIBG uptake is usually done 
by a visual evaluation in both planar images and single 
photon emission computed tomography (SPECT) images 
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[8]. In the actual clinical diagnosis, the degree of MIBG 
uptake of a tumor is determined by a visual assessment 
with a comparison of the MIBG uptake of normal tissues 
such as liver and muscle [9]. SPECT/CT hybrid images 
enable a better anatomical separation of organs compared 
to conventional planar images, and thus low adrenal uptake 
can be evaluated more accurately without overlap with the 
liver or other organs. This makes it possible to achieve 
a better differentiation of PHEOs and CAs. However, as 
long as a visual assessment is used, it can be difficult to 
differentiate PHEOs with low uptake from other adrenal 
accumulations [10]. New quantitative interpretation crite-
ria are thus needed for SPECT/CT that are different from 
the criteria used for conventional planar imaging.

The MIBG uptake of tumors in 123I MIBG SPECT var-
ies widely among individuals. Fendler et al. reported that 
the tumor-to-liver count ratio was a useful semi-quanti-
tative parameter for assessing neuroblastomas [11]. We 
speculated that the tumor-to-liver count ratio would also 
be useful to differentiating PHEO and CA. We conducted 
the present study to evaluate the usefulness of a semi-
quantitative analysis of 123I MIBG SPECT/CT for differ-
entiating PHEO and CA.

Methods

Patient selection

A total of 155 patients underwent 123I MIBG SPECT/CT at 
our institution between January 2011 and February 2015. 
Among these patients, there was 21 PHEO patients (10 
males and 11 females, age 24–80, median age 61 years) 
and 23 CA patients (15 males and 8 females, age 30–78, 
median age 58 years). All of the PHEOs were diagnosed 
histopathologically. Eleven of the CAs were diagnosed his-
topathologically, and the other 12 were diagnosed based 
on CT or MR performed more than 2 years after MIBG 
scintigraphy showed no change in size or characteristics. 
There was no patient who had two or more adrenal tumors. 
Serum test of the cortisol (normal range 6.2–19.4 μg/
dl), adrenocorticotropic hormone (ACTH, normal range 
7.2–63.3 pg/ml), epinephrine (normal range < 100 pg/ml), 
norepinephrine (normal range 100–450 pg/ml), and dopa-
mine (normal range < 20 pg/ml) were examined within a 
month prior to the 123I MIBG examination. Table 1 sum-
marizes the patient and tumor characteristics. The reason 
for 123I MIBG examination, diagnosis of MR examination 
and other individual parameters of all cases are shown 
in the supplement table (Supplement 1). This study was 
approved by our hospital's Institutional Review Board.

123I MIBG scintigraphy and SPECT/CT acquisition

Each of the patients received a thyroid blockade with a satu-
rated solution of potassium iodide before 123I MIBG scin-
tigraphy (100 mg/day starting 3 days before tracer injec-
tion and continuing for 1 day). Whole-body planar images 
and SPECT images were obtained 24 h after an intravenous 
injection of 302 ± 67 MBq of 123I MIBG. All examination 
data in this study were acquired using SPECT/CT (Sym-
bia T6, Siemens Medical Solutions, Knoxville, TN, USA). 
Whole-body anterior and posterior images were acquired 
at a speed of 7 cm/min with low/medium-energy general-
purpose collimators, a 256 × 1024 matrix, and a 159-keV 
photopeak with 20% windows. Subsequently, SPECT/CT 
images of the patient's abdominal section including bilateral 
adrenal glands were obtained with a gamma camera within 
the same gantry. SPECT images were acquired in a step-
and-shoot mode, with 50 projections (a duration of 40 s at 
each projection), a noncircular orbit over 360°, low/medium-
energy general-purpose collimators, a 128 × 128 matrix, and 
a 159-keV photopeak with 20% windows.

A reconstruction technique was performed on three-
dimensional ordered subset expectation maximization itera-
tive reconstructions, with eight iterations and ten subsets. 
CT-based attenuation correction and no scattered correction 
were applied to the SPECT images. The CT scan parameters 
were 130 keV, ≤ 30 mAs (due to the minimization of radia-
tion exposure), a 512 × 512 matrix, a 2 × 2.5-mm collima-
tion, and a 5-mm section thickness.

Measurements

Whole-body planar images and SPECT images were reviewed 
by two nuclear medicine physicians with 5 years’ experience 
(Y.K.) and 20 years' experience (S.B.) in consensus. The visual 
evaluation of the whole-body planar image and SPECT images 
in each patient was performed with the following scoring: 

Table 1   Patient characteristics

PHEO CA p

Number of patients 21 23
Sex (F/M) 11/10 8/15 n.s.
Age (years) 58.5 ± 13.8 57.8 ± 14.0 n.s.
Size (mm) 38.2 ± 15.1 24.3 ± 11.2 < 0.01
CT attenuation (HU) 34.4 ± 7.0 14.9 ± 21.3 < 0.01
Cortisol 12.5 ± 4.8 12.8 ± 4.7 n.s.
ACTH 31.5 ± 21.5 22.1 ± 18.5 < 0.05
Epinephrine 574.4 ± 1221.6 27.4 ± 22.7 < 0.01
Norepinephrine 1399.9 ± 1377.4 370.4 ± 271.7 < 0.01
Dopamine 19.5 ± 19.7 13.5 ± 12.4 n.s.
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score 3 = a lesion with higher uptake than the liver. Score 1 = a 
lesion with lower uptake than the liver. If the lesion uptake 
seemed to be the same as that of the liver, the score was 2. 
This scoring system was based on the criteria we use in our 
daily clinical practice.

The semi-quantitative evaluation of SPECT/CT results 
was performed using the tumor-to-liver count ratio (T/L) and 
the tumor-to-muscle count ratio (T/M). For the calculation of 
the T/L and T/M ratios, we used the counts per pixel in the 
segmented tumor volume of interest (VOI), a 5-cm-dia. ball-
shaped VOI set in the right liver lobe as the liver VOI, and a 
1-cm-dia. sphere-shaped VOI set in the right or the left lateral 
dorsal muscle as the muscle VOI (Fig. 1). The locations of 
these VOIs were determined with reference to the SPECT/
CT image. The maximum (max) and average (mean) counts 
of these VOIs were calculated using an IntelliSpace Portal 6.0 
workstation (Koninklijke Philips N.V., Amsterdam, Nether-
land). The T/L and T/M ratios using the max or mean count 
per pixel of each VOI were calculated as follows:

T∕Lmax,T∕Lmean = the max (mean) count per pixel of the tumor VOI/max (mean) count per pixel of the liver VOI,

T∕Mmax,T∕Mmean = the max (mean) count per pixel of the tumor VOI/max (mean) count per pixel of the muscle VOI.

The reviewers were blinded to the prior interpreta-
tions and the results of prior imaging studies when they 
performed the visual evaluations and semi-quantitative 
evaluations.

The size and the CT attenuations of adrenal tumors 
were measured by CT which were performed with the 
same SPECT/CT examination.

Statistical analyses

The visual scores of the whole-body planar image (pla-
nar score) and the SPECT images (SPECT score) were 
compared between the PHEOs and CAs using the χ2 test. 
The semi-quantitative values were compared between the 
PHEOs and CAs with Mann–Whitney’s U test. The diag-
nostic performance of the planar score, SPECT score and 
semi-quantitative values were calculated with a receiver 
operating characteristic (ROC) analysis. Probability (p) 

Fig. 1   Example of setting the volume of interest (VOI) in the refer-
ence lesion and tumor (a planar image, b, e CT images, c, f SPECT 
images, d, g SPECT/CT fusion images with VOIs). A 5-cm-dia. ball-

shaped VOI was set in the right liver lobe as the liver VOI, and a 
1-cm-dia. ball-shaped VOI was set in the right or the left lateral dor-
sal muscle as the muscle VOI
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values < 0.05 were considered significant. All statistical 
analyses were performed using JMP 12 software (SAS 
Institute, Cary, NC).

Results

Visual evaluation

The average planar scores of the PHEOs and CAs were 
2.52 ± 0.68 and 1.57 ± 0.59 and the average SPECT scores 
of the PHEOs and CAs were 2.95 ± 0.22 and 1.91 ± 0.90, 
respectively (Fig. 2). Both the planar score and the SPECT 
score of the PHEOs were significantly higher than those 
of the CAs (p < 0.01). With the cutoff value of score 3, 
the planar score's sensitivity = 0.61, specificity = 0.96, 
positive predict value (PPV) = 0.93, negative predict value 
(NPV) = 0.73, and accuracy = 0.80; the corresponding val-
ues for the SPECT score were sensitivity = 0.95, specific-
ity = 0.65, PPV = 0.71, NPV = 0.94, and accuracy = 0.80 
(Tables 2, 3). The area under the curve (AUC) values of 
the planar score and SPECT score were 0.833 and 0.813, 
respectively in ROC analysis (Fig. 3, Table 3).

Semi‑quantitative evaluation

The average T/Lmax values of the PHEOs and CAs were 
11.9 ± 11.9 and 0.78 ± 0.62, respectively. The average 
T/Lmean values were 13.8 ± 14.6 and 0.92 ± 0.82, the 
average T/Mmax values were 50.1 ± 64.5 and 4.16 ± 4.38, 
and the average T/Mmean values were 53.4 ± 76.4 and 
5.25 ± 5.95 for the PHEOs and CAs, respectively (Fig. 2). 
All semi-quantitative evaluations of PHEOs were sig-
nificantly higher than those of the CAs (p < 0.01 each). 
With the cutoff value of 2.25 for T/Lmax, sensitivity = 0.95, 
specificity = 0.96, PPV = 0.95, NPV = 0.96, and accu-
racy = 0.95. The corresponding values for T/Lmean using 
the cutoff value of 2.00 were 0.95, 0.91, 0.91, 0.95 and 
0.93. The corresponding values for T/Mmax with the cut-
off value of 5.30 were 0.95, 0.83, 0.83, 0.95 and 0.89. 

The corresponding values for T/Mmean with cutoff value 
of 12.0 were 0.86, 0.91, 0.90, 0.88 and 0.89 (Tables 2, 3). 
The AUCs from the ROC analysis were as follows: T/Lmax, 
0.986; T/Lmean, 0.975; T/Mmax, 0.954; and T/Mmean, 0.934 
(Fig. 3, Table 3).

CT attenuation and tumor size

Average CT attenuation of PHEOs and CAs was 34.4 ± 7.0 
and 14.9 ± 21.3, respectively, and average tumor size of 
PHEOs and CAs was 38.2 ± 15.4 and 24.3 ± 11.4, respec-
tively (Table 1). Both CT attenuation and tumor size of 
PHEOs were statistically higher than CAs (p < 0.01). Sensi-
tivity, specificity, PPV, NPV and accuracy of CT attenuation 
were 0.95, 0.65, 0.71, 0.94 and 0.80 with cutoff value of 
25.1 and of tumor size were 0.95, 0.52, 0.65, 0.92 and 0.73 
with cutoff value of 20.0. AUC of tumor size and CT attenu-
ation were 0.768 and 0.807, respectively, in ROC analysis 
(Tables 2, 3).

Serum tests

Average ACTH, epinephrine and norepinephrine of PHEOs 
were 31.5 ± 21.5, 574.4 ± 1221.6 and 1399.9 ± 1377.4 
and those of CAs were 22.1 ± 18.5, 27.4 ± 22.7 and 
370.4 ± 271.7, respectively. These tests showed significant 
difference between PHEOs and CAs (ACTH: p < 0.05, 
epinephrine: p < 0.01, norepinephrine: p < 0.01). Average 
of cortisol and dopamine showed no statistical difference 
between PHEOs and CAs. Sensitivity, specificity, PPV, NPV 
and accuracy of ACTH were 0.95, 0.43, 0.63, 0.90 and 0.69 
with cutoff value of 13.3 pg/ml, those of epinephrine were 
0.76, 0.83, 0.80, 0.79 and 0.80 with cutoff value of 43 pg/ml 
and those of norepinephrine were 0.86, 0.70, 0.72, 0.84 and 
0.77 with cutoff value of 387 pg/ml. AUC of ACTH, epi-
nephrine and norepinephrine were 0.678, 0.876 and 0.816, 
respectively, in ROC analysis (Tables 2, 3).

ROC analysis of the semi‑quantitative evaluation 
and other evaluations

Our comparison of the two AUCs of the four semi-quanti-
tative evaluations revealed that the AUC of T/Lmax was rela-
tively larger than the others, but there was no significant dif-
ference in AUCs (Fig. 3). The comparison of the two AUCs 
of the T/Lmax, planar score and SPECT score revealed that 
the AUC of the T/Lmax was larger than those of the other 
evaluations (Table 4).

Fig. 2   Comparison of the PHEOs and CAs by each evaluation. a Pla-
nar score, b SPECT score, c T/Lmax, d T/Lmean, e T/Mmax, f T/Mmean. 
For the PHEOs and CAs, the average planar scores were 2.52 ± 0.68 
and 1.57 ± 0.59 and the average SPECT scores were 2.95 ± 0.22 
and 1.91 ± 0.90, respectively. Both the planar score and the SPECT 
score of the PHEOs were significantly higher than those of the CAs 
(p < 0.01 each). The average T/Lmax values of the PHEOs and CAs 
were 11.9 ± 11.9 and 0.78 ± 0.62, respectively. For the PHEOs and 
CAs, the average T/Lmean values were 13.8 ± 14.6 and 0.92 ± 0.82, the 
average T/Mmax values were 50.1 ± 64.5 and 4.16 ± 4.38, and the aver-
age T/Mmean values were 53.4 ± 76.4 and 5.25 ± 5.95, respectively. All 
of the semi-quantitative evaluations of the PHEOs were significantly 
higher than those of the CAs (p < 0.01 each)

◂



100	 Annals of Nuclear Medicine (2022) 36:95–102

1 3

Discussion

The four 123I MIBG SPECT/CT semi-quantitative values 
examined in this study, i.e., T/Lmax, T/Lmean, T/Mmax, and 
T/Mmean, were all significantly higher in the PHEOs than in 
the CAs. There was no significant difference in the differen-
tiation ability of these four semi-quantitative values, and all 
four indices were shown to have high differentiation ability. 

It is difficult to differentiate PHEOs from CAs by a visual 
evaluation when the CA is small in size and the uptake of 
surrounding normal adrenal glands is taken into account by 
the partial volume effect, or when the expressions of the 
MIBG transporters NET and VMAT are relatively low and 
the MIBG uptake of the PHEO is only slightly higher than 
normal. In such cases, semi-quantitative values using liver 
or muscle as a reference organ (e.g., with the T/Lmax, with 
a threshold of 2) can be used to accurately differentiate a 
PHEO from a CA.

Our results demonstrated no significant difference in the 
differentiation ability between liver and muscle as the refer-
ence organ. In actual diagnoses, the liver may be preferred 
because it is easier to create large ROIs for the liver. We 
also observed no significant difference in the differentiation 
ability between the analysis using the maximum value of the 
VOI and that using the average value of the VOI. This may 
be because both PHEO and CA are tumors with relatively 
uniform MIBG uptake.

Compared to the visual evaluation using planar images, 
the semi-quantitative evaluation had similar specificity but 
higher sensitivity. With planar images, a lesion can be con-
sidered positive when the uptake is more prominent than 
that of the liver, but the uptake of adrenal lesions cannot be 
identified when their uptake is close to or weaker than that 
of the liver. PHEOs, which show such mild MIBG uptake, 
may be misjudged as CA. In contrast, a semi-quantitative 
evaluation using SPECT/CT allows better identification and 
a more precise measurement of the adrenal tumor uptake, 
and it resulted in better sensitivity in this study.

Compared to the visual evaluation using SPECT images, 
the sensitivity of the semi-quantitative evaluation was simi-
lar, but the specificity was higher. With a visual assessment 
using SPECT, it can be difficult to differentiate between a 
PHEO and a CA. The reason for this is that even if the liver 
is used as the reference site, scoring will still be incom-
plete as long as visual evaluation is used. Therefore, PHEO 
with relatively weak accumulation or adenoma that includes 
accumulation of surrounding normal adrenal glands due to 
partial volume effect is evaluated as same level of accumula-
tion as liver, which decrease the diagnostic performance. A 
semi-quantitative evaluation based on the MIBG uptake in 
the liver and muscle can set a stricter threshold and thus has 
higher specificity than a visual evaluation of SPECT images.

In this study, we compare size, CT attenuation, serum 
tests of cortisol, ACTH, epinephrine, norepinephrine and 
dopamine between PHEOs and CAs. In these values, size, 
CT attenuation, ACTH, epinephrine and norepinephrine 
in PHEOs were significantly larger than those of CAs. 
These diagnostic performances were also high. The main 
purpose of this study was to compare the diagnostic per-
formance of the semi-quantitative value of 123I MIBG with 
that of the conventional visual evaluation.　The diagnostic 

Table 2   A 2 × 2 table of each evaluation method for differentiating 
PHEOs and CAs

PHEO (n = 21) CA (n = 23) p value

Planar
 1–2 8 22 < 0.01
 3 13 1

SPECT/CT
 1–2 1 15 < 0.01
 3 20 8

T/Lmax

 < 2.25 1 22
 ≥ 2.25 20 1 < 0.01

T/Lmean

 < 2.00 1 21 < 0.01
 ≥ 2.00 20 2

T/Mmax

 < 5.30 1 19 < 0.01
 ≥ 5.30 20 4

T/Mmean

 < 12.0 3 21 < 0.01
 ≥ 12.0 18 2

CT attenuation (HU)
 < 25.1 1 15 < 0.01
 ≥ 25.1 20 11

Tumor size (mm)
 < 19.9 1 11 < 0.01
 ≥ 19.9 20 12

Cortisol (μg/dl)
 < 9.8 12 19 0.06
 ≥ 9.8 9 4

ACTH (pg/ml)
 < 13.3 1 9 0.04
 ≥ 13.3 20 12

Epinephrine (pg/ml)
 < 43 5 19 < 0.01
 ≥ 43 16 4

Norepinephrine (pg/ml)
 < 387 3 16
 ≥ 387 18 7 < 0.01

Dopamine (pg/ml)
 < 14 11 17 0.12
 ≥ 14 10 6
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performance of the CT features and the blood tests were 
not compared with the semi-quantitative value because the 
conditions were not unified in this study. Also MR is a very 
powerful method for differentiating PHEO from CA, but it is 
difficult to compare with 123I MIBG semi-quantitative evalu-
ation because MR sequence was not unified. We believe that 
this method is useful in cases where it is difficult to distin-
guish between adenoma and PHEO, such as when signal 
changes are caused by intra-tumoral hemorrhage, or in cases 
where MR imaging is difficult (e.g., presence of metal in the 
body such as a pacemaker, severe claustrophobia).

Table 3   Sensitivity, specificity, 
positive predictive value 
(PPV), negative predictive 
value (NPV), accuracy, and 
area under curve (AUC) of the 
evaluations

Sensitivity Specificity PPV NPV Accuracy AUC​

Planar 0.61 0.96 0.93 0.73 0.80 0.833
SPECT 0.95 0.65 0.71 0.94 0.80 0.813
T/Lmax 0.95 0.96 0.95 0.96 0.95 0.986
T/Lmean 0.95 0.91 0.91 0.95 0.93 0.975
T/Mmax 0.95 0.83 0.83 0.95 0.89 0.955
T/Mmean 0.86 0.91 0.90 0.88 0.89 0.934
CT attenuation 0.95 0.65 0.71 0.94 0.80 0.808
Size 0.95 0.52 0.65 0.92 0.73 0.768
Cortisol 0.43 0.83 0.69 0.61 0.64 0.569
ACTH 0.95 0.43 0.63 0.90 0.69 0.678
Epinephrine 0.76 0.83 0.80 0.79 0.80 0.876
Norepinephrine 0.86 0.70 0.72 0.84 0.77 0.816
Dopamine 0.48 0.74 0.63 0.61 0.61 0.510

Fig. 3   The results of the ROC 
analysis of the semi-quanti-
tative evaluations and visual 
evaluations. The AUCs were 
planar score = 0.833, SPECT 
score = 0.813, T/Lmax = 0.986, 
T/Lmean = 0.975, T/Mmax = 0.954, 
and T/Mmean = 0.934

Table 4   Comparison of the AUCs of the semi-quantitative value and 
other evaluations in the ROC analysis

*p < 0.05

p value

AUC​ Planar SPECT

T/Lmax 0.986 0.008* < 0.001*
Planar score 0.833 – 0.759
SPECT score 0.813 – –
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In addition, tumors other than PHEO and CA were not 
examined in this study. Although it has been reported that 
the prognosis of PHEO varies depending on the gene expres-
sion profile, we did not investigate the gene expression of 
the tumors in this study.

A detailed evaluation of MIBG uptake using a semi-quan-
titative value may enable the differentiation of tumor activ-
ity and histological types, and it may also help determine 
the indications for 131I MIBG treatment and the therapeutic 
effect. Semi-quantitative values can also be expected to be 
useful for MIBG-accumulating lesions in organs other than 
the adrenal gland, such as paragangliomas and neuroblas-
tomas, but further investigation is needed in this regard as 
well.

In conclusion, our findings demonstrated that an evalu-
ation using a semi-quantitative value is more effective than 
the conventional visual evaluation in both planar and SPECT 
images for differentiating between PHEOs and CAs, which 
are high-incidence adrenal tumors. A semi-quantitative 
value is more useful than a visual evaluation in diagnoses 
using 123I MIBG SPECT/CT.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12149-​021-​01690-9.
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