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Purpose: The purpose of this study was to evaluate the differential diagnostic value of 2-[flu-
orine-18]-fluoro-2-deoxy-D-glucose (**F-FDG) positron emission tomography (PET)/computed
tomography (CT) for benign and malignant vertebral compression fractures (VCFs), where the
diagnostic accuracy of '®F-FDG PET/CT was compared with magnetic resonance imaging (MRI).
Patients and methods: Between 2015 and 2017, we retrospectively evaluated 87 patients with
116 VCFs. MRI was performed in all the 87 patients, whereas "*F-FDG PET/CT was executed
in 51 patients. Three malignant features (convex posterior cortex, epidural mass formation,
and pedicle enhancement) from MRI and the maximum standardized uptake value (SUV__ )
from ¥F-FDG PET/CT were evaluated in benign and malignant VCFs, respectively. Sensitivity,
specificity, positive predictive value, and negative predictive value of MRI and '*F-FDG PET/
CT were compared in the differentiation of malignant from benign VCFs.

Results: The results of our investigation showed that the sensitivity and specificity for pre-
dicting malignant VCFs were 75.6% and 77.3% for convex posterior cortex, 82.9% and 813%
for epidural mass formation, and 85.7% and 70.8% for pedicle enhancement. ¥F-FDG PET/
CT demonstrated higher sensitivity (100%) but lower specificity (38.9%) as compared to MRI
with regard to differentiation between benign and malignant VCFs. A significant difference in
the SUV __ values was observed between the benign and malignant fractures (2.9 + 1.0 vs 5.0
+ 1.8, P<0.01). Besides the value of SUV__, it has been noticed that the FDG uptake pattern
differed in malignant and benign fractures.

Conclusion: Significant MRI findings such as convex posterior cortex, epidural mass forma-
tion, and pedicle enhancement are highly suggestive of malignancy. *F-FDG PET/CT reliably
differentiated the fractures of malignant from benign based on both SUV,_and "*F-FDG uptake
pattern. In a situation where MRI findings are not diagnostic, '*F-FDG PET/CT provides addi-
tional information as it has high sensitivity and is semiquantitative.

Keywords: vertebral compression fractures, MRI, ¥F-FDG PET/CT, maximum standardized
uptake value

Introduction

Vertebral compression fractures (VCFs) are common in the elderly, particularly in those
who are osteoporotic.! Such fractures include benign and pathological; the former is
usually due to osteoporosis, while the latter is mainly due to vertebral metastasis or
myeloma. The vertebral column is a region of the skeleton most frequently affected
by metastatic diseases in cancer patients. Signs of neurologic dysfunction may be
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nonspecific with both types of fracture, and back pain may
be the only complaint. Therefore, it is very important to dif-
ferentiate benign VCFs from malignant fractures, particularly
in elderly patients who have a history of malignancy.>
Traditional imaging modalities such as radiography and
computed tomography (CT) play a very important role in
the diagnosis and differentiation of conditions involving
bones fractures.® However, such imaging modalities may not
always be possible to differentiate the fractures of malignant
from benign.* Bone scintigraphy has been widely used in the
screening of skeletal metastasis, but a bone scan remains posi-
tive for many years after bone fracture, where distinguishing
the nature of bone fracture may be challenging.’ Recently,
magnetic resonance imaging (MRI) has been used for
evaluating the bones fractures. On both T1- and T2-weighted
images, normal bone marrow has a characteristic signal inten-
sity that can often be distinguished from the intensity of a
pathological process.® In addition, the morphological features
of collapsed vertebrae may be used as reliable MRI criteria for
the differentiation between benign and malignant fractures.
Three typical radiological features of MRI indicating the
malignant fractures are pedicle involvement, convex posterior
cortex, and paraspinal or epidural mass formation.” Although
sensitivity, specificity, and diagnostic accuracy have been
reported for each feature, the pathognomonic MRI finding
for malignant VCFs remained unclear. Recently, diffusion-
weighted magnetic resonance imaging (DWI or DW-MRI)
has been reported to be useful for probing the structure of
biological tissues at a microscopic level and can be used in
the differentiation between benign and malignant VCFs.®
However, some overlap between the ranges in the values
of the apparent diffusion coefficient (ADC) for benign and
malignant lesions was observed, which poses some limita-
tions for such differentiation in some of the cases.”'
Positron emission tomography (PET) employing a
glucose analogue tracer, 2-[fluorine-18]-fluoro-2-deoxy-D-
glucose ("8F- FDG), has been widely used to diagnose and
grade malignant disease.!! PET/computed tomography (PET/
CT), as an integrated system combining PET and CT in the
same session, has been proven to be a useful tool for improv-
ing the diagnostic performance of neoplasms.!'? Although
the spatial and temporal resolution of PET may not be as
impressive as other imaging modalities, its sensitivity is
exquisite.!® In terms of the VCFs, an increased FDG uptake
can always be observed in the malignant fractures but not in
the fractures caused by osteoporosis. Another advantage of
PET for identifying malignancy is the relatively easy process
of quantitative analysis. The most common PET parameter for

quantifying the tracer uptake is the maximum standardized
uptake value (SUV ), which is the ratio of the concentra-
tion of image-derived radioactivity to the concentration of
the injected radioactivity in the whole body. However, there
is no generalized consensus on the cutoff value of SUV
for differentiating malignancy from benignity with '*F-
FDG PET/CT. So far in the literature, very few comparative
studies between MRI and "®F-FDG PET/CT were reported
regarding the differential diagnostic value for benign and
malignant VCFs.

On this context, the aim of this investigation was to evalu-
ate the differential diagnostic value of ¥ F-FDG PET/CT for
benign and malignant VCFs, and the diagnostic efficacy of
BE-FDG PET/CT was compared with that of MRI. Also,
the best SUV__ cutoff value from ""F-FDG PET/CT that
can reliably differentiate malignant VCFs from benignity
was determined. Overall, through this investigation, a reli-
able diagnostic algorithm in VCF patients with suspected
malignancy has been proposed.

Patients and methods

Patients

Between 2015 and 2017, we retrospectively evaluated the
hospital charts and diagnostic studies of patients with VCFs
imaged with MRI. Subjects were excluded from this study
if they had history of simple traumas. The final study group
consisted of 87 patients: 55 males and 32 females (mean
age: 68 years; age range: 60—79 years), with a total of 116
compressed vertebral bodies. Forty-two cases did not have
any primary malignancy, whereas 45 cases had histories of
malignant tumors (these patients were considered as cancer
patients). The primary sites of these malignancies were
esophageal cancer (n = 2), stomach cancer (n = 3), hepatic
cancer (n = 3), colon cancer (n = 5), breast cancer (n = 12),
and lung cancer (n=20). ¥*F-FDG PET/CT scans were carried
out in 51 patients, including 45 cancer patients. Regarding
the other six patients with no history of malignant tumors,
BF-FDG PET/CT was performed as MRI findings were not
diagnostic and the VCFs lesions were observed at multiple
levels.

PET/CT-guided percutaneous vertebral biopsy was per-
formed in 28 patients, and the final diagnosis was based on
the results of histopathological examination. Regarding the
other 59 patients who did not receive vertebral biopsy, the
final diagnosis was made primarily by means of follow-up
radiological examinations in combination with clinical his-
tory. A minimum follow-up time of 24 months was required
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in patients with negative follow-up radiological examinations.
When the appearance of follow-up radiological studies did
not improve or significantly change in a patient without a
clinical history of malignancy, the fracture was considered
to be caused by a benign trauma, where osteoporosis was
considered to be the most likely cause of the fracture. On
the other hand, a diagnosis of traumatic fracture was made
when there was a history of trauma and improvement in the
follow-up studies. When a patient (especially those with a
known primary malignancy) showed progressive deteriora-
tion of vertebral fractures or involvement of other vertebrae
during the follow-up radiological examinations, the fracture
was considered to be malignant compression fracture. Finally,
all the patients were divided into two groups based on the
final diagnosis: benign and malignant fracture groups. This
study protocol was discussed and agreed by the Medical
Ethics Committee of the Xiamen Cancer Hospital of the
First Affiliated Hospital of Xiamen University and all the
patients were informed and provided with a written consent.

PET/CT and MRI acquisition protocol

All the patients were required to fast for at least 6 h before
performing the examination. Serum glucose levels of all the
patients were below 150 mg/dL. The dose of intravenously
injected "*F-FDG was calculated according to the patient’s
weight (3.7 MBq [0.1 mCi]/kg]). Data were acquired with
a PET/CT system (Discovery ST; GE Medical Systems,
Waukesha, WI, USA) after 1 h of injection. The parameters
for the acquisition were as follows. CT scanning (140 kV,
120 mA, a tube rotation time of 0.5 s, a pitch of 6, and a sec-
tion thickness of 3.75 mm) was at first performed from the
base of skull to the upper thigh. A PET scan was performed
immediately after CT acquisition, where the acquisition was
in 3-D mode. The time of acquisition was 3 min per posi-
tion. All the obtained data were transferred to the Xeleris
workstation; data were reconstructed using the ordered sub-
set expectation maximization algorithm, using CT data for
attenuation correction, and the reconstructed images were
then co-registered and displayed.

MR imaging was performed with a 3.0-T superconduct-
ing MRI system (Magnetom Verio Tim; Siemens Healthcare,
Erlangen, Germany). Sagittal and axial, relatively 0.6 cm
thick, T1-weighted images were obtained with a spin-echo
technique (repetition time [ms]/echo time [ms] = 250/2.48).
Sagittal, relatively 0.6 cm thick, T2-weighted (6000/96)
images were also obtained routinely. Additional pulse
sequences and imaging planes with varying section thick-
nesses were obtained in certain cases.

PET/CT and MR imaging analysis

Fused PET/CT images, including coronal, sagittal, and trans-
axial reformations, were viewed on the Xeleris workstation.
Two experienced nuclear medicine physicians, who were
blinded to the clinical history and or pathological results of
the patients, performed a consensus review. Region of inter-
ests were drawn on transaxial images around the involved
vertebra, which were confirmed on sagittal images for the
values

max

purpose of semiquantitative analysis. The SUV
were automatically calculated, which were used to quantify
the uptake of FDG in the corresponding vertebra.

Diagnostic standard with ¥F-FDG PET/CT: a semi-
qualitative assessment was made with the specific aim of
establishing whether the lesion was benign or malignant.
BF-FDG uptake in the lesion was compared with that in the
liver, and those lesions with uptake greater than that in the
liver were regarded as malignancy. Besides the metabolic
information, the paravertebral soft tissue mass and spinal
accessory involvement observed from additional CT imag-
ing are also indicative of malignant compression fractures.

The MR studies were reviewed independently by two
experienced radiologists without the knowledge of clinical
history or pathological results. Reliable MRI criteria for
identifying the malignant or benign VCFs was based on the
changes in the signal intensity as well as the morphological
features of the compressed vertebrae.” It has been reported
that all the malignant lesions appeared as low-intensity areas
on T1l-weighted images, and 50% of the non-neoplastic
lesions (including osteoporotic fractures) also appeared in
this way. As such, the signal intensity may be of little use
in distinguishing malignant lesions from non-neoplastic
ones and therefore not discussed in this study. Three typi-
cal radiological features of MRI indicating the malignant
compression fractures are: 1) convex posterior cortex on
sagittal view, 2) epidural or paraspinal mass formation on
axial view, and 3) pedicle enhancement on axial view (after
Gd-DTPA injection).

In this study, three malignant findings on MRI were evalu-
ated in all the patients, and SUV__and FDG uptake pattern
were evaluated in patients who underwent PET/CT scans. The
prevalence of each malignant finding was compared between
the benign and malignant groups. The sensitivity, specific-
ity, positive predictive value (PPV) and negative predictive
value (NPV) of each malignant finding were calculated and
compared to evaluate the diagnostic efficacy. In cases where
all the three malignant features were observed, the diagnos-
tic efficacy of this finding was also evaluated. On the other
hand, the relationship between SUV _and malignancy was
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evaluated to determine the cutoff value of SUV __ which can
most reliably differentiate malignant VCFs from benignity.

Statistical analysis

Statistical analysis was performed with SPSS software 13.0
(SPSS, Inc.). Differences between the paired parameters were
tested by Wilcoxon signed-rank or ¢-test. The sensitivity,
specificity, PPV, and NPV of MRI and PET findings were
calculated and compared. A receiver operating characteristic
curve (ROC curve) analysis was performed to identify the
optimal cutoff value of PET parameter (SUV ) for the
differentiation between benignity and malignancy. Statisti-
cal analysis was performed by using an unpaired #-test, and
P-values less than 0.05 were considered statistically signifi-
cant. All statistical tests were two-sided, and P-values of less
than 0.05 were considered statistically significant.

Results

Characteristics of patients and outcomes
In this investigation, a total of 87 patients were considered
and the characteristics of patients are shown in Table 1.
Fifty-seven patients had single vertebral involvement, and
the remainder had multiple vertebrae involvement. In total,
116 vertebrae among 87 cases were investigated, and the
lesion sites involved thoracic vertebrae (n = 64) and lumbar
vertebrae (n=52). The involved vertebral body levels ranged
from T6 to LS. More specifically, the thoracic vertebrae were
T6 (n=3),T7 (n=9), T8 (n=12), T9 (n=12),T10 (n=3),
T11 (n=10), and T12 (n = 15), while the lumbar vertebrae
were L1 (n=13),L2 (n=12),L3 (n=5), L4 (n=7), and
L5 (n=15). The final diagnosis involved 41 malignant com-
pression fractures (in 37 patients) and 75 benign compres-
sion fractures (in 50 patients). Thirty-seven patients in the
malignant fracture group included 34 cancer patients and 3
non-cancer patients (patients with plasma cell myeloma),
while the other 50 patients in the benign fracture group
consisted of 11 cancer patients and 39 non-cancer patients.
Regarding the shape of VCFs, the number of wedge-shaped,
flat-shaped, and concave-shaped VCFs were 18, 34, and 23
in the benign fracture group, whereas 9, 18, and 14 in the
malignant fracture group, respectively. There is no statistical
difference regarding the vertebral shape between the benign
and malignant VCFs (P > 0.05).

Diagnostic efficacy of MRl in finding the
malignancy

MRI scans were accomplished in all the 116 VCFs, and the
Gd-DTPA contrast-enhanced MRI was carried out in 83

Table | Patient characteristics

Characteristics Number of cases (%)

Age (years)

Mean 68

Range 60-79
Sex (patients)

Male 55 (63.2)

Female 32 (36.8)
Lesion sites (lesions)

Thoracic vertebrae 64 (55.2)

Té6 3

T7 9

T8 12

T9 12

TIO 3

TII 10

TI2 I5

Lumbar vertebrae 52 (44.8)

LI 13

L2 12

L3 5

L4 7

L5 I5
Final diagnosis (lesions)

Osteoporosis (50 patients) 75 (64.6)
Vertebral metastasis (34 patients) 38 (32.8)
Plasma cell myeloma (3 patients) 3 (2.6)
Vertebra involvement (patients)

Single 57 (65.5)

Multiple 30 (34.5)
History of malignancy (patients)

Without malignancy 42 (48.3)

History of malignant tumor 45 (51.7)
Lung cancer 20
Breast cancer 12
Colon cancer 5
Hepatic cancer 3
Stomach cancer 3
Esophageal cancer 2

Notes: Data are number of patients/lesions, with percentages in parentheses,
except for age, which is years.

VCFs, in which 35 of the 41 VCFs ultimately determined to
be malignant and in 48 of the 75 VCFs ultimately determined
to be benign. The three MRI features for malignant VCF were
epidural mass formation, convex posterior cortex, and pedicle
enhancement (Figure 1). Among the 41 malignant VCFs,
epidural mass formation was observed in 34 cases (82.9%),
convex posterior cortex was observed in 31 cases (75.6%),
and pedicle enhancement was seen in 30 of the 35 cases
(85.7%) in whom contrast-enhanced MRI was obtained. On
the other hand, epidural mass formation was seen in 14 of the
75 (18.7%) benign VCFs, convex posterior cortex was seen
in 17 (22.7%) cases, and pedicle enhancement was seen in
14 of the 48 (29.2%) cases in whom contrast-enhanced MRI
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C

Figure | Three typical morphological features implying malignancy on MRI. (A) Convex posterior cortex (arrow indicated) on sagittal view; (B) epidural mass formation
(arrow indicated) on axial view; and (C) pedicle enhancement (arrow indicated) on Gd-DTPA enhanced axial view.
Abbreviations: Gd-DTPA, a gadolinium-based MRI contrast agent; MRI, magnetic resonance imaging.

was obtained. Regarding the feature of epidural mass forma-
tion, the sensitivity, specificity, PPV, and NPV were 82.9%,
81.3%, 70.8%, and 89.7%, respectively. For the feature of
convex posterior cortex, a sensitivity of 75.6%, specificity of
77.3%, PPV of 64.6%, and NPV of 85.3% were noted. For
pedicle enhancement, the sensitivity, specificity, PPV, and
NPV were 85.7%, 70.8%, 68.2%, and 87.2%, respectively. Of
the three MRI features for malignancy, pedicle enhancement
was the most sensitive diagnostic feature and epidural mass
formation was the most specific feature. The simultaneous
presence of all the three malignant findings were seen in 19
of the 35 malignant VCFs, and benign VCFs included all the
three features that were observed only in 3 of the 48 patients,
thereby the sensitivity and specificity for all the three features
were 54.2% and 93.8%, respectively. The diagnostic efficacy
of all the three malignant findings on MRI has been sum-
marized in Figure 2 and in Table 2.

Diagnostic efficacy of '®F-FDG PET/CT in

finding the malignancy

BE-FDG PET/CT scans were performed in 51 patients, in
which 37 patients were with 41 malignant VCFs and 14
patients were with 18 benign VCFs. Increased "*F-FDG
uptake (lesion SUV  is greater than that in the liver) was
observed in all the 41 malignant VCFs (Figure 3) and in 11
of the benign VCFs (Figure 4). As such, the sensitivity and
specificity of ®F-FDG PET/CT for malignant VCFs were
100% and 38.9%, respectively (Table 2). In other words, the
VCEF lesion can be considered to be benign when only mild
or no ®F-FDG uptake is observed on the PET/CT image.
Regarding the 41 malignant VCFs investigated, the SUV
values were between 2.6 and 9.3, and the mean value was 5.0
1 1.8. The SUV__ inthe 18 benign VCFs ranged from 1.7 to

100
Malignant

80 Benign in legend

60

%

40

20

Figure 2 Column diagram shows the relative incidence of three MRI malignant
findings in malignant and benign vertebral compression fractures.
Abbreviation: MRI, magnetic resonance imaging.

4.9, and the mean value was 2.9 £ 1.0. A significant difference
regarding the mean SUV ___values was observed between the
benign and malignant VCF lesions (P < 0.001) (Figure 5A).
The most discriminative cutoff value of SUV__ was observed
using ROC methodology which optimized the specificity
and sensitivity to obtain the highest accuracy. The optimal
cutoff value of SUV__ was 3.45 (the AUC value is 0.865;
P <0.001), which has a sensitivity of 82.9% and a specific-
ity of 77.8% for determining the malignant VCFs (Figure
5B). Besides the value of SUV__, the FDG uptake pattern
within the VCFs differed in benign and malignant lesions.
In the group of benign VCFs, the “striped” ®F-FDG uptake
was observed within the cortical bone or adjacent soft tissue
around the fracture in 16 of the 18 cases (88.9%), and there
was no uptake in the region of bone marrow. Conversely, in
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Table 2 Diagnostic efficacy of MRI and '8F-FDG PET/CT in finding the malignancy in all patients

Feature Group Sensitivity (%) Specificity (%) PPV NPV
Malignant fracture Benign fracture

Epidural mass formation 34/41 14/75 829 81.3 70.8 89.7

Convex posterior cortex 31/41 17/75 75.6 773 64.6 85.3

Pedicle enhancement 30/35 14/48 85.7 70.8 68.2 87.2

All three features 19/35 3/48 54.2 93.8 86.4 738

'®F-FDG PET/CT 41/41 11/18 100.0 389 90.1 100.0

Notes: Values represent number of lesions showing the specified feature/number of lesions evaluated. Group assignment was based on final diagnosis as determined by
biopsy or clinical follow-up.

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; '*F-FDG, 2-[fluorine- 18]-fluoro-2-deoxy-D-glucose; PET, positron emission tomography; CT,
computed tomography.

Figure 3 A 58-year-old man with compression fracture in the ninth thoracic vertebra (T9). (A, B) Magnetic resonance imaging shows the posterior cortical bulging on
sagittal view (A, arrow indicated) and pedicle involvement on axial view (B, arrow indicated). (C, D) '*F-FDG PET/CT imaging shows increased FDG uptake in the bone
marrow (arrow indicated, SUV = 3.50). (E, F) CT-guided percutaneous biopsy is subsequently performed and the T9 lesion (arrow indicated) is chosen as the biopsy target
(E). Axial noncontrast CT image shows the biopsy needle (red arrow indicated) positioned within the right side of the lesion (F). (G) Histological examination confirmed the
bone lesion as the solitary plasma cell myeloma. Magnification x100.

Abbreviations: '*F-FDG, 2-[fluorine-18]-fluoro-2-deoxy-D-glucose; PET, positron emission tomography; CT, computed tomography; SUV, _ maximum standardized uptake
value.
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Figure 4 A 62-year-old woman with compression fracture in the sixth thoracic vertebra (T6). (A, B) Magnetic resonance imaging shows the posterior cortical bulging on
sagittal view (A, arrow indicated) and paraspinal mass formation on axial view (B, arrow indicated). (C, D) '®F-FDG PET/CT imaging shows increased FDG uptake in the
soft tissue adjacent to Té (arrow indicated, SUV, = 4.90). (E, F) CT-guided percutaneous biopsy is subsequently performed and the Té paraspinal mass (arrow indicated)
is chosen as the biopsy target (E). Axial noncontrast CT image shows the biopsy needle (arrow indicated) positioned within the right side of the paraspinal mass (F). (G)
Histological examination showed presence of inflammatory infiltrates and interstitial expansion with no evidence of malignancy.

Abbreviations: '*F-FDG, 2-[fluorine-18]-fluoro-2-deoxy-D-glucose; PET, positron emission tomography; CT, computed tomography; SUV, _ maximum standardized uptake

value.

the group of malignant VCFs, *F-FDG uptake was observed
in the bone marrow in 37 of the 41 cases (90.2%), and the
activity accumulation pattern was nodular (6/41, 14.6%),
cord-shaped (19/41, 46.3%), or irregular (16/41, 39.1%),
and no “striped” uptake was observed.

Diagnostic efficacy of finding the

malignancy in patients with solitary VCF
For clinicians, there would be problems in handling the
patients with solitary VCF. Considering this, in this study,

the diagnostic efficacy of MRI and PET/CT in patients with
solitary VCF was evaluated. Among the 57 patients with
solitary VCEF, 24 of them were ultimately determined to be
malignant, whereas the other 33 patients were determined to
be benign. The diagnostic efficacy of MRI for patients with
solitary VCF has been summarized in Table 3, and similar
results could be observed in all the patients.'*F-FDG PET/
CT scans were performed in 43 patients with solitary VCEF,
in which 33 patients were with malignant VCFs and the
other 10 patients were with benign VCFs. The sensitivity
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1 — Specificity

Figure 5 (A) Box plot of FDG SUV__ from malignant and benign vertebral
compression fractures (VCFs). Bottom and top of each box are lower and upper
quartiles. The band near middle of box is median. Extremes of lower and higher
whiskers represent range of minimum and maximum values. *P<0.05, Wilcoxon
signed-rank test. (B) Receiver operating characteristic (ROC) curve analysis was
performed to calculate the optimal cutoff value of SUV__ for the differentiation
between benignity and malignancy. Sensitivity and specificity changed with changes
in the SUV . The SUV__ of the farthest point away from the chance line was 3.45.
Abbreviations: '*F-FDG, 2-[fluorine-18]-fluoro-2-deoxy-D-glucose; SUV
maximum standardized uptake value; AUC, area under the curve.

X,

and specificity of 8F-FDG PET/CT for malignant VCFs
were 100% and 40.0%, respectively (Table 3). Significant
difference with respect to mean SUV __ values was observed
between the benign and malignant VCF lesions (5.1 + 1.8
vs 3.3 £ 1.1, P < 0.001). For patients with solitary benign
VCFs, the “striped” ®F-FDG uptake was observed within
the cortical bone or adjacent soft tissue around the fracture
in all the 10 cases (100.0%) and there was no uptake in the
region of bone marrow. Conversely, for patients with solitary
malignant VCFs, '®F-FDG uptake was observed in the bone
marrow in 32 of the 33 cases (97.0%).

Discussion
If a VCF occurs without any obvious symptoms, a further
search on the reasons is crucial, in order to eliminate the
possibility of malignant disease. VCFs may occur due to
many reasons, such as metastasis, plasma cell myeloma,
osteoporosis, or inflammatory disease. It has been reported
that about 30% of VCFs occurring in patients with known
malignant tumours are benign.!* Thus, it is very important
to differentiate the fractures of benign from malignant, par-
ticularly in osteoporotic patients with a history of neoplasms,
in order to guide therapeutic strategies and for prognosis.
MRI has been widely regarded as the first-line imaging
modality for the evaluation of VCFs. According to a series
of MRI studies,*'>1¢ typical findings for malignancy include
1) convex posterior cortex, 2) epidural mass formation,
and 3) high or inhomogeneous signal intensity within the
vertebral body after Gd-DTPA injection. Cho and Chang
analyzed 96 patients with 102 VCFs (35 malignant and
67 benign lesions), and concluded that the sensitivity and
specificity for malignant compression fractures were 74.3%
and 55.2% for convex posterior cortex, 77.1% and 74.6% for
epidural mass formation, and 90.9% and 60.9% for pedicle
enhancement.!” Another study performed by Reinartz et al
included 35 patients with pathological vertebral fractures
and 23 patients with osteoporotic vertebral fractures.'s In

Table 3 Diagnostic efficacy of MRI and '8F-FDG PET/CT in finding the malignancy in patients with solitary VCF

Feature Group Specificity (%) PPV NPV
Malignant fracture Benign fracture

Epidural mass formation 25/33 6/24 75.0 80.6 69.2

Convex posterior cortex 21/33 524 79.1 80.7 61.2

Pedicle enhancement 23/27 6/20 70.0 793 77.8

All three features 14/27 2/20 90.0 87.5 58.0

'®F-FDG PET/CT 33/33 6/10 40.0 84.7 100.0

Notes: Values represent number of lesions showing the specified feature/number of lesions evaluated. Group assignment was based on final diagnosis as determined by

biopsy or clinical follow-up.

Abbreviations: VCF, vertebral compressed fracture; PPV, positive predictive value; NPV, negative predictive value; '®F-FDG, 2-[fluorine-18]-fluoro-2-deoxy-D-glucose; PET,

positron emission tomography; CT, computed tomography.
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this study, they suggested that the pedicle involvement was
the most significant finding for identifying the malignancy
(sensitivity of 91.4% and a specificity of 82.6%) among the
three malignant findings using MRI. A combination of two
or more MRI findings provided higher specificity and PPV.
In our study, the sensitivity and specificity for identifying the
malignant VCFs were 75.6% and 77.3% for convex posterior
cortex, 82.9% and 81.3% for epidural mass formation, and
85.7% and 70.8% for pedicle enhancement (Figure 2 and
Table 2). Based on our results, the pedicle enhancement is
determined to be suggestive of, but not specific, in evaluat-
ing the malignant VCFs. The outcome of such a finding in
benign VCFs may be explained by the minimal bleeding or
the formation of soft tissue edema around the osteoporotic
vertebral fractures. It is also worth noting that the simultane-
ous occurrence of three malignant findings demonstrated a
specificity of 93.8%, which was higher than the sensitivity
from any single MRI finding. However, the occurrence of
three features resulted in low sensitivity (54.2%). Therefore,
the differentiation between benign and malignant fractures
cannot always be possible by MR images. Additional MR
sequences such as fat-suppressed T2-weighted imaging,
DWI, or Dixon MRI sequence may be helpful for clear
delineation.®*

BE-FDG PET has been widely used for detecting the
spinal metastases in cancer patients.?’ Based on Fogel-
man’s investigation,?! F-FDG PET and bone scintigraphy
showed a similar sensitivity for the detection of spinal
metastases (77%), but ¥F-FDG PET was more specific
(97% vs 81%). This is because the osteoblastic response
caused by osteoporosis or chronic trauma may be less likely
to be detected by '*F-FDG PET. Recently, few studies indi-
cated that FDG PET/CT seemed to be able to differentiate
the pathological fractures from benign fractures based on
the SUV__ from vertebral bodies, and the SUV __ value
along with CT characteristics of the lesions (such as mass
formation in the paravertebral soft tissue and spinal acces-
sory involvement) should further enhance the diagnostic
accuracy of “F-FDG PET/CT.??>? Bredella et al have
reported the sensitivity, specificity, PPV, NPV, and accuracy
of 8F-FDG PET/CT in the differentiation between benign
and malignant VCFs were 86%, 83%, 84%, 71%, and 92%,
respectively. The SUV _ values from malignant fractures
(mean SUV _ :3.9 +1.52) were significantly higher than
those from benign fractures (mean SUV__:1.9+0.97) (P
<0.01), but there was no statistical difference with respect
to SUV__ between acute and chronic benign fractures.*
A study reported by Kato et al indicated that FDG-PET

could be a useful method for early differentiation between
acute benign and metastatic fractures, where acute benign
fractures did not show any significant FDG uptake (SUV
ranged between 0.2 and 1.1).% Zhuang et al reported that a
traumatic fracture or orthopedic intervention may show an
acutely increased FDG accumulation, with SUV  ranging
from 1.1 to 2.4 (mean value = 1.7). However, this finding
was not likely to remain for longer than 3 months under
normal circumstances.?

In this study, '®F-FDG PET/CT demonstrated a higher
sensitivity but lower specificity as compared to MRI with
respect to the differentiation between benign and malignant
VCFs (Table 2). It is also observed that *F-FDG PET/CT
demonstrated no uptake or only slightly increased uptake in
the osteoporotic fractures (SUV,__ :1.7-4.9; mean value: 2.9
+ 1.0), while a higher FDG uptake often reflected malignant
processes (SUV __ :2.6-9.3; mean value: 5.0 £ 1.8). Besides
the value of SUV__, it was noticed that the "*F-FDG uptake
pattern was very different between malignant and benign
compressed fractures. In malignant fractures, '*F-FDG uptake
was mostly observed in the region of bone marrow with a
relatively high SUV__ (Figure 3), and the accumulation pat-
tern was nodular, cord-shaped, or irregular. Regarding the
benign fractures, “striped” FDG uptake was mostly observed
in the region of cortical bone or adjacent soft tissue around
the fracture, but rarely found out in the marrow (Figure 4).
Such a finding may be explained by the different fracture
formation modes and pathological processes between benign
and malignant fractures. Benign fracture is caused by an
exogenous process and thus the accumulation pattern reflects
the inflammatory reaction along the fracture line. Whereas,
the malignant fracture is mainly due to cancer metastasis
which caused the destruction of bone, and the accumulation
pattern of FDG reflects the characteristics of bone metasta-
ses. Therefore, regarding the delineation of malignant VCFs
from 8F-FDG PET/CT, the FDG uptake pattern should also
be considered in addition to the value of SUV . Moreover,
our study suggested an optimal cutoff value of SUV _ for
differentiating the lesions of malignant from benign to be
3.45, which has the sensitivity of 82.9% and specificity of
77.8% for identifying malignancy (Figure 5). As compared
with the simultaneous occurrence of three malignant findings
on MRI, SUV__ showed a much higher sensitivity (82.9%
vs 54.2%), but a slightly lower specificity (77.8% vs 93.8%).
Regarding the purpose of screening for metastases, the sen-
sitivity is more important as compared to specificity as the
false-negative results may lead to severe consequences for
the patients.
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For clinicians, there would be problems in handling the
patients with solitary VCE. Considering this, in this study,
the diagnostic efficacy of MRI and PET/CT in patients with
solitary VCF was evaluated. The diagnostic efficacy of MRI
for patients with solitary VCF was similar to the results as
observed in all the patients (Table 3). Regarding the diag-
nostic efficacy of PET/CT, a significant difference could also
be observed for the SUV__ values between the benign and
malignant groups (5.1 £ 1.8 v§ 3.3+ 1.1, P < 0.001). How-
ever, it is interesting to find that the difference in the uptake
pattern of FDG was even more significant. For patients with
solitary benign VCFs, the “striped” *F-FDG uptake was
found to be observed within the cortical bone or adjacent
soft tissue around the fracture in all the cases (100.0%).
For patients with solitary malignant VCFs, ®F-FDG uptake
was observed to be in the bone marrow in most of the cases
(32/33, 97.0%). Therefore, for patients with solitary VCE,
BF-FDG uptake pattern may be especially important as it
provides key information for differentiating the fractures of
benign from malignancy.

Based on the results obtained from our investigation, a
diagnostic algorithm has been proposed for patients with
VCFs. MR1 is still the first-line diagnostic imaging modality
and should be initially performed. It is not recommended to
use '®F-FDG PET/CT for the screening, but rather as a com-
plementary imaging modality only in problematic cases. In a
situation where all the three malignant features are observed
on MRI, such VCFs are highly suspicious of malignancy
and biopsy should be subsequently performed. In a situation
where one or two malignant features are observed on MRI,
BE-FDG PET/CT is recommended for further diagnosis. If
the VCF lesion showed no or mild FDG uptake and/or FDG
uptake was observed in the region of cortical bone or in the
adjacent soft tissue around the fracture, this is suggestive of
a benign lesion and a further observation or follow-up imag-
ing could be considered. If the VCF lesion showed a positive
PET result and FDG uptake was observed in the region of
bone marrow, a high probability for malignant VCF should
be considered and biopsy should be subsequently performed.
In cases where no malignant features are observed on MRI,
the VCF lesion could be considered to be benign.

Finally, there are some limitations which should be noted
in this study. Firstly, the optimal cutoff value of SUV__ as
suggested is generated from a single-center retrospective
study. Such a SUV__ value cannot be used as a general
threshold for differentiating the lesions of malignant from
benign. The recommended SUV __ threshold for practice
required multicenter study with a large population. Addition-
ally, in this study, the MR imaging protocol primarily used T1

and T2 sequences for the evaluation of VCFs, and additional
sequences (such as DWI) were not routinely performed in
spine MRI. Our MR imaging protocol may not represent the
standard MR imaging protocol in other hospitals and this
may call into concern the accuracy of the outcomes for the
MRI evaluation group.

Conclusion

Significant findings from MRI which include convex poste-
rior cortex, epidural mass formation, and pedicle enhance-
ment are highly suggestive of malignancy. '*F-FDG PET/
CT reliably differentiated the fractures of malignant from
benign based on both SUV__and "*F-FDG uptake pattern.
Compared with MRI, ¥F-FDG PET/CT demonstrated a
higher sensitivity but a lower specificity with respect to the
differentiation between benign and malignant VCFs. There-
fore, in a situation where MRI findings are not diagnostic,
BE-FDG PET/CT could provide additional information as it
has high sensitivity and is semiquantitative.
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