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Abstract
Objectives To develop criteria to improve discrimination between vertebral metastases from neuroendocrine tumours (NETs) and
benign bone lesions on PET combined with CT using DOTA-D-Phe1-Tyr3-octreotide labelled with gallium-68 (68Ga-DOTA-
TOC).
Methods In 535 NET patients, 68Ga-DOTA-TOC PET/CT examinations were reviewed retrospectively for vertebral CT lesions
and/or PET foci. For each vertebral PET abnormality, appearance on CT, biological volume (BV), standardized uptake value
(SUVmax) and ratios to those of reference organs were determined. All vertebral abnormalities were characterized as a metastasis,
a typical vertebral haemangioma (VH) or other benign lesion.
Results In 79 patients (14.8 %), we found 107 metastases, 34 VHs and 31 other benign lesions in the spine. The optimal cut-off
values to differentiate metastases from benign lesions were BV ≥0.72 cm3, SUVmax ≥2, SUVmax ratio to a reference vertebra
≥2.1, to liver ≥0.28 and to spleen ≥0.14. They corresponded to lesion-based 68Ga-DOTA-TOC PET/CTsensitivity of 87%, 98%,
97 %, 99 % and 94 %, and specificity of 55 %, 100 %, 90 %, 97 %, 100 %, respectively.
Conclusions The high sensitivity of 68Ga-DOTA-TOC-PET/CT in detecting NET vertebral metastases was confirmed; this study
showed that specificity could be improved by combining CT features and quantifying 68Ga-DOTA-TOC uptake.
Key Points
• Bone metastases in neuroendocrine tumours correlate with prognosis.
• Benign bone lesions may mimic metastases on 68Ga-DOTA-TOC PET/CT imaging.
• The specific polka-dot CT pattern may be missing in some vertebral haemangiomas.
• Lesion atypical for haemangiomas can be better characterized by quantifying 68Ga-DOTA-TOC uptake.
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Abbreviations
AUC Area under the curve
BV Biological volume
CT Computed tomography
DOTA 1,4,7,10-tetraazacyclododecane-1,4,7,10-

tetraacetic acid

DOTA-TOC Edotreotide
FDG 18F-fluorodeoxyglucose
68Ga Gallium-68
MRI Magnetic resonance imaging
NET Neuroendocrine tumour
NPV Negative predictive value
OSEM Ordered Subsets Expectation-Maximization
PET Positron emission tomography
PPV Positive predictive value
ROC Receiver operating characteristic
RV Reference vertebra
Se Sensitivity
SOT Standard of truth
Sp Specificity
SR Somatostatin receptor
SR-2 Somatostatin receptors subtype 2
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SUV Standardized uptake value
TOC Tyr3-octreotide
VH Vertebral haemangioma
VOI Volume of interest

Introduction

Bone metastases of neuroendocrine tumours (NETs) are com-
mon (40 % in a post-mortem study [1]), and associated with
poor survival [2, 3]. However, they are commonly missed on
CT [4] and bone scintigraphy [5]. Somatostatin receptor (SR)
positron emission tomography combined with computed to-
mography (PET/CT) shows a high uptake of the somatostatin
analogue in the case of NET bone metastases due to the over-
expression of somatostatin receptors [5–7]. The sensitivity
(Se) of SR-PET/CT is markedly improved compared with
the sensitivity of bone scintigraphy, SR scintigraphy or CT
[4, 5, 8–10]. Putzer et al. [5] reported a 97 % Se for SR-
PET/CT versus 58 % for CT in the same patients.

However, specificity (Sp) of SR-PET/CT might have been
overestimated in earlier series, due to unexpected causes of
false-positive findings that were described later. Indeed, be-
nign bone lesions such as vertebral haemangiomas (VHs),
which are usually asymptomatic and most frequently discov-
ered as an incidental finding [11, 12], may show significant
uptake on SR-PET/CT, as recently reported in a few isolated
cases [13–16], and thus mimic metastases. The specific ‘polka
dot’ pattern on CT allows the diagnosis of typical VHs,
avoiding false-positive interpretation of vertebral metastases
[17]. However, this pattern on CT is not present in all VHs.

The aim of this study was to evaluate the risk of
misdiagnosing benign lesions as bone metastases in a large co-
hort of patients with NET referred for SR-PET/CTusing DOTA-
D-Phe1-Tyr3-octreotide labelled with gallium-68 (68Ga-DOTA-
TOC), and to improve the Sp by combining quantification of the
68Ga-DOTA-TOC uptake by a lesion and its CT pattern.

Materials and methods

Population

Between February 2010 and March 2016, all patients were
referred to our department for a proven or suspected NET.
The 68Ga-DOTA-TOC PET/CTs were performed either ini-
tially as part of a prospective study (Eudract N°2007-
002610-19) or subsequently as a compassionate use autho-
rized on an individual basis by the National Medicine
Agency. 68Ga-DOTA-TOC PET/CT examinations from all
patients included in this cohort were retrospectively reviewed,
to search for one or several vertebral abnormalities.

This study was approved by our institutional review board.
All patients gave their written consent for the subsequent use
of their PET/CT images for research purposes.

68Ga-DOTA-TOC imaging

The somatostatin analogue ligand was the octreotide deriva-
tive DOTA-TOC labelled with 68Ga, which shows a high af-
finity for the SR subtype 2 (SR-2).

68Ga was eluted from a 68Ge/68Ga generator (GalliaPharm,
Eckert & Ziegler Radiopharma GmBH, Berlin, Germany).
DOTA-TOC was labelled with 68Ga according to the manu-
facturer’s instructions.

No preparation of the patient was required before the injec-
tion. Patients received 1-2 MBq/kg body mass of 68Ga-
DOTA-TOC, injected via an infusion line connected to saline.
Image acquisition was started 60min after injection. The PET/
CTmachine was a GEMINI TF 16, (PhilipsMedical Systems,
Cleveland, OH, USA). The examination field extended from
the vertex to the mid-thigh with an imaging time of 2 min per
bed position. Low-dose CT without contrast-enhancement
was performed prior to PET acquisition (120 kVp, 80 mAs,
slice thickness 2.5 mm, pitch 0.813, rotation time 0.5 s, field
of view (FOV) 600 mm) for attenuation correction and ana-
tomic localization. PET images were acquired in 3D mode,
with FOV 576 mm, matrix 144 × 144; images were recon-
structed using the OSEM weighted method based on three
iterations and 33 subsets.

Image analysis

Images were uploaded on a dedicated workstation
(Syngo.via®, Siemens Healthcare, Erlangen, Germany).
Readers were blinded to clinical and biological data.

Analysis was limited to the spine, from the cervical spine to
the sacrum, on transaxial, coronal and sagittal slices, using
bone windows for CT (width=1,500, level=300).

First a radiologist with 8 years of experience in reading spine
CT analysed the CT scans, without access to PET images, in
order to classify radiological abnormalities in the spine as: (1)
Typical VH presenting the ‘polka dot’ sign in axial planes or
‘corduroy’ sign on sagittal images [12, 17, 18], (2) atypical or
ambiguous images or (3) typical lesions of osteoarthritis [18].
Then the radiologist classified atypical or ambiguous images
according to their morphology: well-defined osteolytic, ill-
defined osteolytic or osteoblastic lesion. In case of osteolytic
lesions, the presence of cortical destruction was noted.

Secondly a nuclear physician, with 7 years of experience in
reading PET/CT and 3 years of experience in reading SR-PET/
CT, looked for any focal lesions on 68Ga-DOTA-TOC PET/CT,
with the information from the CT reading by the radiologist. For
each vertebral focus on PETor abnormality on CT, the biological
volume (BV), standardized uptake value (SUVmax) and its ratio
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to the SUVmax of a visually normal reference vertebra (RV), of
the liver and of the spleen were determined. The BV of each
vertebral focus included the voxels corresponding to the area of
the vertebral lesion on CT with a SUV greater than 50 % of
SUVmax in this area. RV SUVmax was measured on the body
of a normal lumbar vertebra using a 1cm3 VOI; liver and spleen
SUVmax were recorded using a 1cm3 VOI centred on normal
parenchyma. BV and SUVmax values of each focus were deter-
mined automatically after a semiautomatic determination of the
VOI by the nuclear physician who also noted its corresponding
appearance on CT: as osteoblastic, osteolytic, typical VH or no
visible lesion.

Standard of truth (SOT)

The SOTwas determined by amedical panel only aware of the
location of CT lesion and/or 68Ga-DOTA-TOC foci, which
were listed according to the reading of the radiologist and
the nuclear physician, but not to their intensity of uptake and
CT pattern. This panel aimed to characterize each vertebral
abnormality as metastasis, typical VH or other benign lesion,
according to a composite SOT based on lesion evolution dur-
ing follow-up (increase, decrease or disappearance); response
of the lesion to therapy targeting NET; typical features on CT
and/or MRI and/or 18F-DOPA PET/CT [19].

Statistical analysis

Data were analysed using SPSS Statistics software (IBM
Corporation, Armonk, NY, USA). A p-value less than 0.05
was considered to be statistically significant.

The Gaussian distribution of PET parameters was tested
using Kolmogorov-Smirnov and Shapiro-Wilk normality test.

Lesion-based comparisons of BV, SUVmax, SUVmax ratios to
RV, to liver and to spleen were performed between the three
groups, metastases, VHs or other benign vertebral lesions, using
one-way ANOVA followed, in case of significance, by the post-
hoc Fisher’s PSLD test, adjusted for clustering. Another compar-
ison between non-VH lesions according to their CT pattern
(osteoblastic, osteolytic or non-visible) was performed similarly.

Receiver operating characteristic (ROC) analysis was used
to determine area under the curve (AUC) and the optimal cut-
off values for the different parameters quantifying 68Ga-
DOTA-TOC uptake, to discriminate between metastatic and
non-malignant vertebral abnormalities. The patient-based
analysis was derived as usual from the lesion-based analysis;
the association of false-negative and false-positive results in a
given patient was quoted as a false-positive patient-based re-
sult. Patient-based and lesion-based comparisons of sensitivity
and specificity were performed using Chi-squared tests, ac-
cording to CT pattern alone, PET parameters alone and com-
bined PET/CT information.

Results

Patient characteristics

During the observation period, 535 patients had at least one
68Ga-DOTA-TOC PET/CT scan in our department.
According to blinded reading by the radiologist and then the
nuclear physician, at least one vertebral abnormality was
found in 80 patients. One patient was subsequently excluded
from the analysis because of diffuse intense osteo-medullary
68Ga-DOTA-TOC uptake, making lesion assessment impossi-
ble. The mean follow-up duration after 68Ga-DOTA-TOC-
PET/CT was 36 months (range: 13–83).

Among the 79 remaining patients, at least one typical ver-
tebral VH was identified on CT by the radiologist in 28 pa-
tients (5.2 % of the whole cohort of patients with NET), who
had a total of 34 vertebral VHs. Twenty-two patients had one
and six had two VHs. Sixteen VHs (47 %) were found in
males and 18 (53%) in females. Twenty-one VHs (62%)were
detected in the thoracic spine and 13 (38 %) in the lumbar
spine. The most commonly affected vertebra was L1 (15 %
of the VH). None of the 28 patients with VH presented with
ambiguous vertebral lesions or bone metastases.

Apart from typical VH, at least one vertebral anomaly was
found in 51 patients (9.7 % of the whole cohort of patients
with NET). A total of 138 vertebral anomalies were detected
in this non-VH group. The most frequently affected site was
the thoracic spine (68/138), followed by the lumbar (40/138),
the cervical (19/138) and the sacral (11/138) segments.

Ten patients had splenectomy (13 %) and 23 (29 %) had
liver metastases.

Follow-up data over at least 2 years were available for 69/79
patients. In the 10/79 patients whose follow-up was available for
less than 2 years: lesions progressed clearly in five patients and
were considered to bemetastases; in four patients, the lesions had
the typical pattern of a VH on CT; in one patient, the lesion was
characterized as a benign bone island on MRI. All other lesions
that showed no change on imaging modalities over more than 2
years were considered to be benign. Thus, according to the SOT,
24 of the 51 patients of the non-VH group had at least one
vertebral metastasis (Table 1). The total number of vertebral me-
tastases was 107, among which 73 were osteoblastic, nine were
osteolytic and 25 had no corresponding lesion on CT (Table 2).
Metastatic and benign vertebral lesionswere seen together in four
patients. Twenty-seven patients of the non-VH group had no
vertebral metastases. A total of 31 benign vertebral lesions were
found in the non-VH group, of which six were osteoblastic, six
were diagnosed as bone islands and 25 were osteolytic. The
osteolytic lesions consisted in 12 non-typical VHs, five simple
bone cysts (one an intraspongious hernia) and seven that
remained of an undetermined aetiology but of benign nature,
according to the SOT. Thus, benign vertebral lesions mainly
appeared as well-defined and osteolytic, and metastases were
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mainly osteoblastic or without corresponding lesion on CT
(Chi2=72; p<0.01).

None of the 26 osteolytic benign vertebral lesions present-
ed with cortical destruction on CT, whereas it was seen in 7/10
osteolytic metastases.

68Ga-DOTA-TOC detection rate and uptake

Visually, all NETmetastases and all VHs were detected as foci
on 68Ga-DOTA-TOC PET/CT, while only 19/31 (61 %) of
other benign lesions were visualized on PET.

The mean SUVmax of the reference organs was 8.1 (95 %
CI: 7.7–8.6), 22.0 (95 % CI: 20.6–23.7) and 0.88 (95 % CI:

0.82–0.93) the reference being liver, spleen or RV, respective-
ly. Because of a large hepatic involvement, measurement of
the SUVmax of the liver was difficult in 7/23 patients with liver
metastases (but was considered as feasible by the blinded
reader).

The distribution of the raw SUVmax values significantly
differed from the Gaussian model; thus, a logarithmic trans-
formation was applied, resulting in a Gaussian distribution
that enables the use of the parametric tests for comparison,
as scheduled.

VHs and non-VH lesions had significantly greater mean
SUVmax than RVs (p<0.001). Mean BV, SUVmax and SUVmax

ratios were significantly greater for metastases than for VHs or

Table 1 Patient characteristics
Patient characteristics With vertebral metastases Without vertebral metastases

n 24 55

Gender (male/female) 13/11 27/28

Median age 69 ± 15 years (range: 30-93) 59 ± 13 years (range: 27-90)

18-39 y.o. 3 (12%) 5 (9%)

40-59 y.o. 5 (21%) 26 (47%)

> 60 y.o. 16 (67%) 24 (44%)

Primary NET

Lung

Pancreas

Other

Unknown

7 (29%)

6 (25%)

5 (21%)

6 (25%)

9 (16%)

25 (45%)

14 (26%)

7 (13%)

PET/CT indications

Search for primary NET

Lesion characterization

Initial workup

Monitoring

Recurrence workup

5 (21%)

0 (0%)

4 (17%)

13 (54%)

2 (8%)

9 (16%)

9 (16%)

14 (26%)

16 (29%)

7 (13%)

Ongoing medical treatment 8 (33%) 9 (16%)

lanreotide

everolimus

6

2

7

2

Table 2 Comparison of CT
appearances between benign
lesions and metastases

Benign lesions Metastases

n 65 107

Osteolytic 25 (39%) 10 (9%)

Well-defined 25 1 (none with cortical destruction)

Ill-defined osteolytic 0 9 (7 with cortical destruction)

Osteoblastic 6 (9%) 72 (67%)

Polka-dot CT pattern 34 (52%) –

PET foci without corresponding lesion on CT – 25 (24%)
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benign vertebral lesions, but their ranges overlapped (Table 3).
No statistical differences were found between VHs and other
benign lesions, except for BV, which was greater for VHs than
for other benign lesion and for metastases (Table 3).

Considering the non-VH group, osteoblastic and non-
visible lesions on CT corresponded on PET to foci with a
significantly higher uptake than osteolytic lesions (respective
mean ±SD: 9.0±6.4, 7.0±4.9 and 3.1±3.6; p<0.001), but the
SUVmax of osteoblastic lesions did not significantly differ
from that of non-visible lesions on CT (p=0.2).

Use of DOTA-TOC semi-quantification and of the CT
pattern to characterize vertebral bone abnormalities

The optimal cut-off values determined by ROC analysis to
distinguish vertebral metastases versus benign abnormalities
were BV=0.72 cm3 (AUC=0.47 (95 % CI: 0.37–0.58]),
SUVmax=2 (AUC=0.97 (95 % CI: 0.95–1)), SUVmax ratio to
RV=2.1 (AUC=0.59 (95 % CI: 0.50–0.68)]), SUVmax ratio to
liver=0.28 (AUC=0.95 (95 % CI: 0.92–0.99)), SUVmax ratio to
spleen=0.14 (AUC=0.98 (95 % CI: 0.97–1)) (Figs. 1, 2 and 3),
and CTosteoblastic pattern (AUC=0.79 (95%CI: 0.72–0.86)).

Table 4 summarizes the diagnostic performance using above-
defined cut-off values to characterize vertebral foci by using
quantified PET information alone, CT pattern alone and quan-
tified PET combined to identification of typical VH on CT.

The BV was the worst PET parameter for this differential
diagnosis, with the sensitivity and specificity statistically in-
ferior to those of SUVmax and SUVmax ratios in both patient
and lesion-based analyses (p<0.01 for sensitivity and <0.001
for specificity, respectively). No statistical differences were
found in performance between the other PET parameters.
Finally, the SUVmax appeared to be the best PET parameter
in practice because it could easily be evaluated in every situ-
ation, even in case of splenectomy or liver metastases.

On the patient-based analysis, SUVmax had a sensitivity of
96 %, statistically greater than 63 % for lesion pattern on CT
(p<0.0001). On the other hand, CT pattern had a specificity of
91 %, non-significantly greater than 78 % for SUVmax

(p=0.09). By combining the SUVmax and CT pattern, a sensi-
tivity of 96 % was found (at least one lesion with SUVmax ≥ 2
and no typical VH pattern on CT), statistically superior to that
of CT pattern alone (p<0.0001). The corresponding specificity
was 100% (all lesions with SUVmax < 2 or with typical VH

Table 3 Lesion-based analysis comparing typical vertebral haemangiomas (VHs), other benign vertebral lesions and metastases, for parameters
quantifying 68Ga-DOTA-TOC uptake: SUVmax, SUVmax ratios to reference vertebra (RV), liver and spleen and biological volume (BV)

VHs Non-VHs

n = 34 Benign lesions
n = 31

Metastases
n = 107

ANOVA

SUVmax 2.2 [1.1-8.0] 1.0 [0.3-1.9] 8.7 [1.1-23.4] F = 48; p < 0.001

VHs – p = 0.3 p < 0.001

Benign lesions p = 0.3 – p < 0.001

Metastases p < 0.001 p < 0.001 –

SUVmax ratio to RV 2.6 [1.2-8.4] 1.5 [0.4-3.8] 11.0 [1.7-56.2] F = 35; p < 0.001

VHs – p = 0.5 p < 0.001

Benign lesions p = 0.5 – p < 0.001

Metastases p < 0.001 p < 0.001 –

SUVmax ratio to liver 0.31 [0.11-1.06] 0.15 [0.03-0.66] 1.18 [1.02-4.61] F = 41: p < 0.001

VHs – p = 0.335 p < 0.001

Benign lesions p = 0.335 – p < 0.001

Metastases p < 0.001 p < 0.001 –

SUVmax ratio to spleen 0.08 [0.04-0.25] 0.04 [0.01-0.14] 0.49 [0.09-1.71] F = 45; p < 0.001

VHs – p = 0.6 p < 0.001

Benign lesions p = 0.6 – p < 0.001

Metastases p < 0.001 p < 0.001 –

BV (cm3) 3.7 [0.5-14.0] 0.9 [0.1-3.0] 1.9 [0.1-19.7] F = 15; p < 0.001

VHs – p < 0.001 p < 0.001

Benign lesions p < 0.001 – p = 0.02

Metastases p < 0.001 p = 0.02 –

Eur Radiol (2018) 28:3943–3952 3947



pattern on CT), statistically superior to both CT pattern alone
and SUVmax alone (p=0.04 and 0.0002 respectively).

On the lesion-based analysis, SUVmax had a sensitivity of
98 %, statistically greater than 67 % for CT pattern (p=0.01).
The CT pattern had a somewhat better specificity of 91 %, not
significantly superior to 79 % for SUVmax (p=0.11). By com-
bining the SUVmax and CT pattern, a sensitivity of 98 % was

reached (SUVmax ≥ 2 and no typical VH pattern on CT),
statistically superior to that of CT pattern alone (p<0.01).
The corresponding specificity was 100% (SUVmax < 2 or with
typical CT pattern on CT), statistically superior to both CT
pattern alone and SUVmax alone (p=0.07 and 0.0008,
respectively).

Discussion

Our study confirms the high sensitivity of 68Ga-DOTA-TOC
PET, being statistically superior to that of CT. This difference
corresponds to bone metastases of NETwhich are not visible
on CT (25/107=23 % lesion-based). This superiority has al-
ready been reported by Putzer et al. [5] in 51 NET patients:
patient-based Se was 97 % for PET versus 58 % for CT, and
Sp was 92 % for PET versus 100 % for CT.

By combining quantification of uptake on PET (SUVmax)
and the search for VH pattern on CT, specificity increased up
to 100 % and was statistically superior to specificity of quan-
tified PET or CT pattern when considered separately.
Ambrosini et al. [8] performed PET/CT using 68Ga-DOTA-
NOC in 223 NET patients; they reported that more bone me-
tastases were detected on PET/CT when compared to CT in
20/35 patients, resulting in a higher patient-based sensitivity
(100 % vs. 80 %) and specificity (100 % vs. 98 %).

This intense uptake of 68Ga-DOTA-TOC by bone metasta-
ses is probably due to the persisting overexpression of the SR
by those distant lesions, reflecting their differentiation. In
some cases, dedifferentiation of metastases may occur and
their affinity to somatostatin ligand may differ from that of
the primary lesion, responsible for the failure of somatostatin
analogue therapy [20, 21].

Concerning non-malignant lesions, all typical VHs on CT
corresponded visually to 68Ga-DOTA-TOC foci (Fig. 4). To

Fig. 2 Axial CT and fusion
images. An osteolytic vertebral
metastasis of T11 in a 72-year-old
man referred for restaging of a
lung neuroendocrine tumour
(NET) showed an intense DOTA-
TOC uptake (SUVmax=7.3,
SUVmax ratio to reference verte-
bra=6.4, to liver=1.34, to
spleen=0.26) (A and B). An
osteolytic pure bone cyst of C7 in
a 79-year-old woman referred for
initial workup of a pancreatic
NET showed no significant
DOTA-TOC uptake (C and D)

Fig. 1 Axial CTand fusion images centred on a vertebral metastasis of T12
demonstrating an intense DOTA-TOC uptake (SUVmax=6.5, SUVmax ratio
to reference vertebra=5.6, to liver=0.92, to spleen=0.22) but without a
corresponding lesion on CT, in a 58-year-old man referred for recurrence
workup of a pancreatic neuroendocrine tumour (NET)
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the best of our knowledge, only case reports of SR-PET ra-
diotracer uptake in VHs have been previously published, as a

potential pitfall in interpretation [13–16]. Indeed, identifica-
tion of VH on CT [11, 12] is based on the ‘polka-dot’ pattern

Fig. 3 Axial CT and fusion
images. An osteoblastic vertebral
metastasis of L3 in a 57-year-old
woman referred for restaging of a
lung neuroendocrine tumour
(NET) showed an intense DOTA-
TOC uptake (SUVmax=11.0,
SUVmax ratio to reference verte-
bra=23.9, to liver=2.20, to
spleen=0.72) (A and B). An oste-
oblastic bone island of L1 in a 54-
year-old woman referred for
characterization of a pancreatic
lesion showed no significant
DOTA-TOC uptake (C and D)

Table 4 68Ga-DOTA-TOC PET/CT performance to characterize vertebral foci and/or CT abnormalities as malignant, excluding those presenting with
a typical vertebral haemangioma (VH) pattern on CT, using aspect on CT or uptake quantification with cut-off values determined by receiver operating
characteristic (ROC) analysis

Cut-off Se Sp PPV NPV Accuracy

Patient-based analysis

CT pattern Osteoblastic 63% (15/24) 91% (50/55) 75% (15/20) 85% (50/59) 82% (65/79)

PET parameter

BV (cm3) ≥ 0.72 75% (18/24) 29% (16/55) 32% (18/57) 73% (16/22) 43% (34/79)

SUVmax ≥ 2 96% (23/24) 78% (43/55) 66% (23/35) 98% (43/44) 84% (66/79)

SUVmax ratio

To RV ≥ 2.1 96% (23/24) 67% (37/55) 56% (23/41) 97% (37/38) 76% (60/79)

To liver ≥ 0.28 100% (24/24) 82% (45/55) 71% (24/34) 100% (45/45) 87% (69/79)

To spleen ≥ 0.14 100% (21/21) 92% (44/48) 84% (21/25) 100% (44/44) 94% (65/69)

PET + CT SUVmax ≥ 2 and no typical VH pattern on CT 96% (23/24) 100% (55/55) 100% (23/23) 98% (55/56) 99% (78/79)

Lesion-based analysis

CT pattern Osteoblastic 67% (72/107) 91% (59/65) 92% (72/78) 63% (59/94) 76% (131/172)

PET parameter

BV (cm3) ≥ 0.72 87% (93/107) 28% (18/65) 66% (93/140) 56% (18/32) 65% (111/172)

SUVmax ≥ 2 98% (105/107) 79% (51/65) 88% (105/119) 96% (51/53) 91% (156/172)

SUVmax ratio

To RV ≥ 2.1 97% (104/107) 71% (46/65) 85% (104/123) 94% (46/49) 87% (150/172)

To liver ≥ 0.28 99% (106/107) 82% (53/65) 90% (106/118) 98% (53/54) 92% (159/172)

To spleen ≥ 0.14 94% (96/102) 93% (53/57) 96% (96/100) 90% (53/59) 94% (149/159)

PET + CT SUVmax ≥ 2 and no typical VH pattern on CT 98% (105/107) 100% (65/65) 100% (105/105) 97% (65/67) 99% (170/172)

RV: reference vertebra; BV: biological volume; AUC: area under curve; Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative
predictive value
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in axial slices [12], which reflects the thickened trabeculae
within the medullar cavity of the vertebral body [11].
Haemangiomas are benign vascular tumours composed of
large cavernous spaces containing blood cells lined with a
layer of flat endothelium [22]. Growing vascular endothelial
cells expresses SR-2 [23]. Then it could be hypothesized that
greater 68Ga-DOTA-TOC uptake in VH compared to RV
could be due to this benign endothelial proliferation. In con-
trast, VHs usually appeared as cold defects when other radio-
pharmaceuticals were used, as described on bone scintigraphy
[24] and more recently on PET with 18F-fluorodeoxyglucose
(FDG) [25, 26] or 18F-fluorocholine [27]. Although FDG up-
take by one proven VH has been reported [28], SR ligands
seem to be the only radiopharmaceuticals that are constantly
taken-up by typical VH.

Concerning the benign lesions without the typical VH pat-
tern on CT in the present study, 18 did not take-up 68Ga-
DOTA-TOC, as they probably did not overexpress SR. In
contrast, 13 did show a greater 68Ga-DOTA-TOC uptake than
that of surrounding tissue: one intraspongious hernia that may
have induced inflammatory hyperaemia, nine atypical
haemangiomas characterized as such on MRI the uptake
mechanism of which was discussed above, and 3 which
remained unexplained but might be atypical haemangiomas
that cannot be recognized with CT and MRI.

The added value of SR-PET to CT for assessing NETs has
already been reported [29]. Actually the CT pattern may also
help in discriminating vertebral lesions as benign or malig-
nant: a high prevalence of the osteoblastic type in NET me-
tastases was observed in our series, as previously reported by
others [30]. Using the osteoblastic CT pattern as a criterion for
malignancy, we found an accuracy of 82 % and 76 % in
patient-based or lesion-based-analyses respectively.

As the most frequent site for bone metastases from a NET
is the axial skeleton [5, 31], characterization of ambiguous
vertebral lesions on CT as typical VH, osteoblastic, osteolytic
with or without cortical rupture, or non-visible was thus of
importance for a correct interpretation.

BV was not accurate for differentiating metastases from
benign lesions. The FDG metabolic tumour volume was sig-
nificantly correlated with outcome of various malignancies
[32, 33], but this approach has not been validated using a
biologic tracer such as 68Ga-DOTA-TOC. In this context, it
is not excluded that another threshold than 50% for BV deter-
mination could yield better diagnostic performance.

In our series, SUVmax appeared to be the easiest parameter
to use in clinical practice in characterizing lesions as malig-
nant or benign, with a statistically better sensitivity than CT
pattern but with a potential loss of specificity. A greater mean
SUVmax of

68Ga-DOTA-TOC was reported by Kroiss et al. in
89 bone metastases of NET (19.8±18.8 vs. 8.7±5.8 in our
series; Welsh’s t-test p<0.001) but this difference disappeared
when considering SUVmax ratio to RV (10.5±14.2 vs. 11±8.6
in our series Welsh’s t-test p=0.7) [6]. Furthermore, mean
SUVmax was similar to that reported with 68Ga-DOTA-NOC
by Prasad et al. on 78 bone metastases (mean SUVmax of 9.5
±6 vs. 8.7±5.8 in our series; Welsh’s t-test p=0.5) [7].

As an absolute value of SUVmax may slightly vary from
one PET/CT machine to another, it might be recommended to
use a SUVmax ratio to a reference organ. The choice of a
reference vertebra did not lead to better results compared with
using the liver or the spleen as reference organ. However, liver
as a reference organ presented the drawback of a potential
NET invasion which was detected in more than half of the
NET patients with bone metastases [31, 34] and a non-
negligible proportion of patients underwent splenectomy.

Limitations

Obtaining a histopathological evidence for asymptomatic and
possibly benign lesions was ethically questionable and hardly
feasible in practice. We thus accepted the typical pattern on
CT as characterizing VHs. Similarly, the diagnosis of NET
metastases and the characterization of ambiguous lesions as
benign was based on a medical consensus derived from all
available follow-up data, as none of the patients in this subset
of patients was lost to follow-up. It was therefore not possible
to formally characterize the actual nature of seven benign

Fig. 4 Axial CT and fusion images centred on a typical vertebral
haemangioma of L2 showing an intense DOTA-TOC uptake
(SUVmax=8.0, SUVmax ratio to reference vertebra=8.4, to liver=0.49, to
spleen=0.17) and the ‘polka dot’ pattern on CT, in a 60-year-old woman
referred for initial workup of a pancreatic neuroendocrine tumour (NET)
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vertebral lesions without a typical pattern on CT, which may
be partly due to our choice of performing low-dose CT for
PET/CT imaging.

Another potential limitation of this study was the retrospec-
tive analysis of the gathered data. However, examinations
were acquired prospectively, with a similar technique and
the same PET/CTmachine and without any significant change
in the imaging protocol over the time frame.

Another limitation was the fact we had to determine the
cut-off values of 68Ga-DOTA-TOC uptake to differentiate be-
tween vertebral metastases and benign lesions in this series.
Therefore, the values of diagnostic performance derived from
the same series using those cut-off values were only indicative
and potentially overestimated.

In our study, only one radiologist and one nuclear physician
reviewed the PET/CTs instead of two specialists for each modal-
ity. However, since the aim was neither to compare the agree-
ment between readings nor to compare the clinical performance
of the two imaging modalities, it did not appear worthwhile to
recruit two other readers for the blinded reading of the 535 scans.

Finally, as our aim was to find 68Ga-DOTA-TOC PET/CT
criteria helping to characterize ambiguous vertebral SR-
positive foci, the SOT was determined only for the 79 of
535 patients who had vertebral foci on PET and/or lesions
on CT, but not for the whole series of patients. It was obvi-
ously possible that some patients will develop vertebral me-
tastases during the subsequent evolution of their NET.

Conclusion

This study confirmed the high sensitivity of 68Ga-DOTA-
TOC PET in detecting vertebral metastases from NET.
Benign lesions like VHs with typical radiological patterns
had a 68Ga-DOTA-TOC uptake higher than the normal
appearing vertebrae, which may lead to false-positive results.
This pitfall may be avoided by an accurate reading of the low
dose CT of PET/CT, in search for typical VH pattern and also
for an osteolytic pattern which appeared to be rare in case of
NET metastasis, apart from cortical rupture or ill-defined
limits of the lesion. Thus, combined reading of PET and CT
increased the specificity of both modalities and lead to a diag-
nostic accuracy of 99 %.
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