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Abstract

Background: Imaging of idiopathic inflammatory myopathies (IIMs) is challenging, and no pathognomonic signs
exist. Different tracers have been tested for this purpose, mainly inflammation markers including technetium-
99m-pyrophosphate (PYP). We aimed to examine the utility of fluorine-18-fluorodeoxyglucose (FDG) relative to PYP in
idiopathic inflammatory myopathy (IIM).

Methods: Using visual grading and CT-guided muscular segmentation and standardized uptake values (SUVs), we
assessed muscular tracer uptake qualitatively and quantitatively, comparing FDG uptake in eight patients with recent-
onset IIM and 24 healthy control persons and FDG and PYP uptake in seven patients.

Results: Muscular FDG and PYP uptake was increased in all patients. However, uptake distribution and signal inten-
sity differed considerably. FDG scans revealed clear involvement of certain muscle groups including core and swallow-
ing muscles and, in addition, abnormality in diseased extra-muscular organs. PYP was mainly visible in bones, whereas
muscular PYP uptake was generally discrete and primarily located in the extremities. Quantitatively, FDG uptake was
significantly higher in patients than in controls; the volume-weighted SUVmean for all right-side muscles was 0.84
versus 0.60 g/ml (95% confidence interval (Cl) for mean difference 0.14-0.34, p=0.0001). FDG SUVmean values were
up to four times higher than PYP mean values in upper limb muscles (95% Cl for the mean ratio 2.37-3.77, p=0.0004)
and two-three times higher in lower limb muscles (95% Cl for the mean ratio 2.28-2.71, p <0.0001).

Conclusions: Muscular FDG uptake was higher in treatment-naive IIM patients than in healthy controls and more
distinct than PYP uptake in patients with a potential to reveal extra-muscular IIM involvement and malignancy. Thus,
FDG appears to be superior to PYP in the diagnostic evaluation of IIM.
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« Dissimilarities in tracer uptake add new aspects to
our understanding of functional imaging in IIM.

Background

Idiopathic inflammatory myopathies (IIMs) constitute a
group of rare conditions characterized by inflammation
in skeletal muscles and various extra-muscular organs
[1]. The muscular inflammation causes progressive,
symmetrical muscle weakness that typically develops in
weeks to months. I[IMs affect the proximal muscles of the
extremities, neck, and swallowing muscles; cover differ-
ent subsets, including immune-mediated necrotizing
myopathy (IMNM), polymyositis (PM), and dermatomy-
ositis (DM); and are associated with increased mortality
[2]. In DM patients, the frequency of underlying cancer is
20-25% [3]. When malignancy develops within 1-2 years
of the myositis diagnosis, the term cancer-associated
myositis (CAM) is used.

The diagnosis of IIM is based on criteria that devel-
oped over the years [4—6], but up to the present, the cri-
teria did not include image formation. As the diagnosis
of these rare diseases is still challenging, it calls for the
development of new tools. The diagnostic value of differ-
ent imaging modalities has been richly investigated with
a focus on magnetic resonance imaging (MRI) and less so
on ultrasound and nuclear imaging [7]. Various radionu-
clides have been applied, primarily inflammation markers
and anti-myosin tracers [8]. Technetium-99m-pyroph-
osphate (PYP), which is a bone-seeking agent showing
muscular uptake in the case of myopathy, was formerly
the predominant surrogate marker of inflammation [9].
In recent years, concurrently with the general wide-
spread use of positron emission tomography (PET)—also
for detection of malignancy in IIM patients—fluorine-
18-fluorodeoxyglucose (FDG) has become more popular
for imaging of myopathy [10-13]. We previously found
muscular PYP uptake in IIM patients at different stages
to be higher than that of healthy controls [14]. In the pre-
sent paper, we performed a head-to-head comparison of
FDG and PYP uptake in recent-onset, treatment-naive
IIM patients to elucidate these tracers’ similarities and
dissimilarities and, thereby, their potential diagnostic
value in this field.

Methods

Population

This is an explorative case series. As part of a con-
trolled, cross-sectional population-based study
described in detail elsewhere [15, 16], 90 consecutive
patients with IIM (according to the classification crite-
ria by Peter and Bohan [4, 5]) referred to rheumatology
departments at two different hospitals over 18 months
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underwent PYP scintigraphy in terms of single-photon
emission computed tomography combined with com-
puted tomography (PYP SPECT/CT) at our center to
characterize muscular uptake of this tracer. Patients
with overlap syndromes (having another autoimmune
rheumatic disease aside from IIM) or sporadic inclu-
sion body myositis were excluded. Fourteen patients
were newly diagnosed and untreated. Eight of these
also underwent an FDG PET/CT scan as part of their
clinical work-up, and in seven of them, a direct com-
parison of FDG and PYP uptake was feasible. Healthy
FDG controls were picked from a population partici-
pating in an investigation on the normal FDG uptake
[17]. In the present study, each PET/CT patient was
gender- and age-matched with three control subjects;
hence, there were 24 FDG controls.

Myositis baseline measures

Patients underwent various clinical, biochemical, and
histological analyses as part of the diagnostics. These
included manual muscle tests of eight muscle groups
(MMTS8) with each muscle scoring 1-10, yielding a pos-
sible maximum score of 80, serum levels of the muscle-
associated enzyme creatine kinase (CK) [18], muscle
biopsy analyses, and myositis-specific/myositis-associ-
ated autoantibody testing by immunoblot (EUROLINE
Myositis Antigens Profile 3 (IgG) (anti-Mi-2, SRP, PL-7,
PL-12, O], EJ, Jol, PM-Scl75/100, Ro52, KU), not includ-
ing anti-NXP2, TIFly, SAE1, and MDAS5) [19]. Muscle
weakness was defined as MMT8< 80, and an increased
CK level was defined as CK above the upper reference
level at our laboratory (200 IU/1) [20, 21].

FDG PET/CT

FDG was administered intravenously in a dose of 4.0
megabecquerel (MBq) per kg body weight after a fast of
at least 6 h. Afterward, the participants were resting in
a quiet and warm room for 60 min. Four patients were
scanned with arms above their heads, whereas four
patients were unable to lie in this position. Scans were
performed on integrated PET/CT scanners (GE Discov-
ery 690, VCT, RX, or STE) with comparable spatial reso-
lution. CT was low-dose non-contrast-enhanced (140 kV,
smart mA, noise index 25, 30—-110 mA). PET images
were acquired in 3D mode from the base of the skull to
the thighs (6-7 bed positions, acquisition time 2.5 min
per bed position) and reconstructed into trans-axial
slices with a matrix of 128 x 128 iterative reconstruction
(two iterations, 21-28 subsets). They were corrected for
attenuation, scatter, random coincidences, and scanner
dead time.
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PYP SPECT/CT

A dose of 550 MBq of PYP was administered intrave-
nously. Three hours after injection, the patients had a
SPECT/CT of the thorax (arms along the body except in
one patient whose CT radiation dose was kept at a mini-
mum because of her young age) and a SPECT/CT of the
pelvis and thighs (apart for the above-mentioned patient)
on a Siemens Symbia T16 SPECT/CT scanner. Collima-
tors were low energy high resolution with a 15% window
centered on the 140 keV photopeak of technetium-99m.
SPECT parameters were 128 x 128 matrix, 64 projec-
tions, 40 s per frame at the upper body, and 20 s per
frame at the lower body. The lower body scan was accom-
plished as a two-bed acquisition. CT was performed as a
low-dose non-contrast-enhanced scan (130 kV, 20 mAS).
SPECT data were reconstructed iteratively (four itera-
tions, four subsets) with scatter and attenuation correc-
tion as well as resolution recovery. An 8-mm Gaussian
filter was applied afterward.

Comparison of tracer uptake

Scans were evaluated qualitatively as well as quanti-
tatively. By qualitative evaluation of reconstructed 3D
models (maximum intensity projections, MIPs) and
trans-axial slices, performed by a specialist in nuclear
medicine with 20 years of experience (JAS) and with
inspiration from the literature [22], “4 “4++ and
“++4++4” indicated mildly, moderately, and severely
increased tracer uptake, respectively, compared with the
normal picture. With the purpose of a quantitative com-
parison of the skeletal muscle uptake of patients and con-
trols and different tracers, the activity within the muscles
was measured in standardized volumes of interest (VOIs)
delineated by the use of Siemens Syngo medical imag-
ing software (Siemens Healthcare, Ballerup, Denmark).
Muscles were defined manually on the CT images, and
successive trans-axial regions of interest were added up
to create VOIs for the different muscles. For the compari-
son of FDG and PYP uptake, muscles visible on both scan
types were chosen; these were the deltoid muscle, gluteal
muscle, and proximal parts of the arm and thigh muscles
on the right side. The size of the different VOIs was reg-
istered, and volume-weighted uptake values were calcu-
lated to compare average FDG and PYP uptake in several
muscles.

From PET/CT scans, mean and maximum standard-
ized uptake values (SUVs in g/ml) were read directly.
From SPECT/CT scans, the mean and maximum num-
ber of counts per voxel (counts per second per ml) were
registered and the mean and maximum voxel activities
(Bq/ml) were calculated from knowledge of the camera
sensitivity (counts per second per MBq). The latter was
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measured using a known amount of *™Tc [23]. The activ-
ity was decay corrected according to the time of injection
and normalized to injected activity (MBq) per kg body
weight. The result was an SUV measured in g/ml.

Statistics

Continuous variables are presented as mean = standard
deviation or mean (range). Inter-group comparisons were
made using Student’s ¢-tests. As to muscle tracer uptake,
95% confidence intervals (CI) for the mean difference or
ratio are given. Categorical variables are presented as fre-
quencies (percentages) and were compared by the Chi-
squared test. Correlations were assessed by Spearman’s
rho. p values < 0.05 were considered significant. Statistical
analyses were performed with STATA/IC 11.2 (©Stata-
Corp LP, College Station, Texas, USA).

Results

Patients had a mean age of 63.0+20.9 years, and 75%
were women. Sex, age, height, weight, and body mass
index did not differ significantly between patients and
controls (Additional file 1: Table).

Patient characteristics are shown in Table 1. The
patients were re-classified according to the new ACR/
EULAR classification criteria from 2017 [6]; three
patients had PM/IMNM, one had possible IIM, and four
had DM. The patient with possible IIM was clinically
diagnosed with statin-induced IMNM, based on former
statin exposure, the muscle biopsy dominated by necro-
sis, and response to immunosuppressive. Two of the
patients with DM turned out to have cancer: one esopha-
geal and one pulmonary.

Mean MMT8 was 68 (56—74). The average CK value
was 2765 (144-9527) 1U/I (data not shown elsewhere).
Hence, all patients had muscle weakness, and all patients
but one had increased CK levels. No correlation was
found between CK level and MMT8; rho=-0.32,
p=0.43. Five patients had histological signs of muscu-
lar inflammation, whereas two patients with DM had
negative biopsies and one patient with PM only revealed
necrosis in the muscle biopsy (Table 1).

Qualitative comparison of FDG and PYP uptake

By qualitative evaluation of the scans, all patients had
increased muscular FDG uptake. Additionally, all
SPECT/CT scans showed increased PYP uptake. PYP and
FDG uptakes were not increased to the same degree in
individual patients; PYP could be only mildly increased,
while FDG was moderately or severely increased, and
vice versa (Table 1). A qualitative comparison of the two
tracers is illustrated in Figs. 1, 2, and 3. In Fig. 1, MIPs
of FDG PET/CT and PYP SPECT/CT are compared
one-to-one for all seven patients who underwent both
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Fig. 1 Maximum intensity projections of seven patients undergoing both PYP SPECT/CT of the thorax (upper row) and lower body (middle row)
and FDG PET/CT whole-body scans (lower row). SPECT/CT was routinely performed with the patient’s arms along the body. For PET/CT, patients
normally have their arms up. In the present material, patients 2, 5, 6, and 7 were not able to lie in that position

scan types. It is apparent that PYP is a bone tracer with
variable uptake in skeletal muscles in these patients,
whereas the FDG scans consistently showed a higher
than normal muscular uptake. In both cases, muscular
uptake was predominantly symmetrical, yet somewhat
patchy. FDG added extra information about some of the
patients. Patient number 4 had an avid FDG activity in
her throat corresponding to severe dysphagia. Patient
number 7 was considerably weakened and had dyspha-
gia; her FDG scan, too, showed an activity in the throat
as well as in a lung infiltrate due to aspiration. Patient
number 2 had a high FDG uptake in the esophagus and
cervical and mediastinal lymph nodes, representing can-
cer and metastases. Patient number 6 had an avid FDG
uptake in lung nodules and mediastinal lymph nodes rep-
resenting malignant lesions. Examples of the FDG uptake
in healthy control persons for comparison are given in
Additional file 2: Figure.

In Fig. 2, trans-axial slices are shown for two of the
patients with distinct muscular hot spots by FDG. These
hot spots were not visualized to the same degree by PYP.
Figure 3 shows the above-mentioned esophagus cancer
demonstrated by FDG, but not by PYP.

Quantitative comparison of FDG uptake in patients

and controls

Muscular FDG uptake values are shown in Table 2.
Patients had significantly higher uptake values than con-
trols, the difference being most marked for the upper
limbs.

The volume-weighted average FDG SUVs were cor-
related with CK (rho=-0.88, p=0.004 for SUVmean;
rho=—0.76, p=0.03 for SUVmax), whereas no correla-
tion was found with MMT8 (data not shown). The FDG
uptake in the right deltoid, biceps, gluteus, and quadri-
ceps muscles did not correlate with MMT for the respec-
tive muscles (data not shown).

Quantitative comparison of FDG and PYP uptake

in patients

A quantitative comparison of FDG- with PYP uptake in
the same muscles of seven patients is presented in Table 3
as regards SUVmean and SUVmax. The FDG uptake val-
ues were three—four times higher than the PYP uptake
values in the upper limb and two—three times higher in
lower limb muscles.
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Fig. 2 Corresponding trans-axial slices from PYP and FDG scans in a patient number 4 and b patient number 5. PYP scans are shown in a warm
color scale in upper rows, and FDG scans are shown in a thermal scale in lower rows. Muscular FDG hot spots are indicated by red arrows. Minor
misalignments are due to a slightly varying positioning of the patients on the two scan occasions

Discussion

To our knowledge, this is the first direct comparison of
muscular tracer uptake in treatment-naive IIM patients
assessed qualitatively and quantitatively by traditional
PYP SPECT/CT and more recently applied FDG PET/
CT imaging. The eight IIM patients differed consider-
ably clinically, biochemically, and histologically. Scans
exhibited different patterns and degrees of muscular
tracer uptake in a way that no clear relationship between
clinical parameters and imaging findings emerged. These
results are in line with MRI findings, which correlate only
to a limited extent with other parameters of disease activ-
ity in myositis [24]. In addition, we found no correlation
between CK level and MMT8. FDG uptake was nega-
tively correlated with CK and uncorrelated with muscle
strength tests. Previously reported results were similarly
ambiguous. Some authors found a correlation between
SUV of FDG and myositis severity, muscle strength, and
the extent of inflammatory infiltrate in biopsy [25-28],
while others found no correlation of FDG findings with

paraclinical or clinical parameters [13, 29, 30]. The rea-
son may be a heterogeneous disease manifestation as
described by Sun et al., who noted that an average SUV is
not necessarily representative of the activity and severity
of muscles specifically affected in IIM patients [31]. Simi-
larly, one may argue that isolated SUVmax values can
hardly be true representatives of non-uniform disease.
Moreover, edema and muscle atrophy with potential fat
replacement may occur to varying extents and lower
average tracer uptake [24]. However, with cases of extra-
muscular uptake and visualization of swallowing mus-
cles as well, FDG findings were more in line with patient
characteristics than PYP results.

The generally two—three times higher FDG uptake
was not correlated with the lower PYP uptake, suggest-
ing that the two tracers mirror different characteristics
of the same muscle-degrading disease. Skeletal muscle
uptake of PYP in case of muscular injury is well described
[32] and thought to be an uptake in calcium deposits
arising in areas of inflammation or ischemia, without
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Fig. 3 Corresponding trans-axial, coronal, and sagittal slices from PYP (upper row) and FDG (lower row) scans in one of the patients. With FDG,
focally increased tracer uptake is seen in the caudal part of the esophagus (red arrow). A similar focus was not identified by PYP scintigraphy

Table 2 FDG uptake (mean standardized uptake values (SUV, g/ml)) in right-side muscles of IIM patients and controls

Patients (N=8) Controls (N=24) 95% Cl for the mean p value
difference

Upper limb

M. deltoideus dx 1.07£0.30 0.62+0.14 0.19-0.70 0.004

M. biceps dx 1.294+041 0.72+0.19 0.22-0.92 0.006

M. triceps dx 0.87+0.23 044+£0.16 0.23-0.63 0.0008
Lower limb

M. gluteus maximus dx 0.75+0.13 0.6040.15 0.04-0.27 0.01

M. quadriceps femoris dx 0.8240.11 062+0.16 0.10-0.30 0.0007
Derived variable

Volume-weighted average SUVmean 0.84+0.11 06040.13 0.14-0.34 0.0001

for all muscles

discrimination between inflammatory and non-inflam-
matory causes of myopathy [33-35]. In our previous
quantitative study with 90 IIM patients (chronic as well
as acute), there was a significant difference between PYP
uptake in patients and healthy controls with no overlap in

95% CI but wide and overlapping ranges underlining the
vast heterogeneity of the disease [14]. Muscular uptake
is easily seen by qualitative evaluation, but no scinti-
graphical signs pathognomonic for IIM exist, and a more
specific tracer is direly warranted. Besides, the spatial
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Table 3 FDG uptake versus PYP uptake in the muscles of seven IIM patients. (a) SUVmean and (b) SUVmax
FDG uptake PYP uptake Difference p value Ratio FDG/PYP p value
FDG-PYP 95% Cl
95% Cl
(a)
Upper limb
M. deltoideus dx 111£030 038+0.14 0.73£0.19 <0.0001 2914048 <0.0001
(0.56-0.90) (2.47-3.35)
M. biceps dx 135£041  037£0.17 0.9840.31 0.0002 3.65+1.17 0.001
(0.69-1.27) (2.56-4.74)
M. triceps dx 091+£022 031+£0.12 060+0.18 0.0001 2934091 0.001
(0.43-0.77) (2.09-3.77)
Lower limb
M. gluteus maximus dx 0.77£0.12  033£003 044+£0.11 <0.0001 2314032 <0.0001
(0.33-0.54) (2.02-2.60)
M. quadriceps femoris dx 084+£008 0314+003 053+£007 <0.0001 2.744+0.18 <0.0001
(0.47-0.60) (257-2.91)
Derived variable
Volume-weighted average SUVmean for all upper limb ~ 1.10£0.17  036+£0.11  0.744+0.13 <0.0001 3.07£0.76 0.0004
muscles (0.62-0.87) (2.37-3.77)
Volume-weighted average SUVmean for all lower limb ~ 0.80+£0.07 0324002 048+0.07 <0.0001 249+£0.23 <0.0001
muscles (0.42-0.54) (2.28-2.71)
Volume-weighted average SUVmean for all muscles 0.87+0.08 033+£0.03 0544007 <0.0001 262+£0.26 <0.0001
(0.47-0.60) (2.38-2.85)
®)
Upper limb
M. deltoideus dx 2424057  0934+030 1494045 0.0001 2.6040.65 0.0006
(1.08-1.90) (2.01-3.20)
M. biceps dx 394+£320 1.04+050 2904276 003 3794166 0.004
(0.34-545) (226-5.32)
M. triceps dx 1924+051  078+£021 1.13+£045 0.0005 2454068 0.001
(0.72-1.55) (1.82-3.08)
Lower limb
M. gluteus maximus dx 2784226 117026 161+£204 008  238+152 0.05
(—0.28-3.50) (0.97-3.78)
M. quadriceps femoris dx 2344+0.72 1.03£030 1.314+059 0.001 226£0.60 0.001
(0.76-1.85) (1.71-2.81)
Derived variable
Volume-weighted average SUVmax for all upper limb ~ 2514+068  0914+024 1.60+0.61 0.0005 2.76£0.79 0.001
muscles (1.04-2.17) (2.03-3.49)
Volume-weighted average SUVmax for all lower limb 2594158 1124021 147+£143 003 231£1.13 0.02
muscles (0.15-2.80) (1.27-3.36)
Volume-weighted average SUVmax for all muscles 2574134  1.07+£020 150+£1.24 002  240+£1.05 0.01
(0.35-2.64) (143-337)

SUV Standardized uptake value (g/ml)

resolution and sensitivity of the SPECT/CT modality are
inferior to those of the PET/CT modality [36].

FDG is a glucose analog whose cellular uptake is pro-
portional to the metabolic activity of the cells. The value
of FDG in the diagnosis of inflammation as well as malig-
nancy is well established, and FDG PET/CT is used in
rheumatologic diseases such as rheumatoid arthritis, vas-
culitis, and polymyalgia rheumatica [37-40]. Recently, its
use in IIMs has also been described, and researchers have

demonstrated higher SUVs in patients than controls [25,
29] or persons with non-inflammatory muscle disease
[41], but also an overlap of FDG uptake in patients with
IIM and without [31]. On the whole, there seems to be
a wide distribution range of FDG uptake in IIM patients
[25, 26, 30, 31]. FDG PET/CT is sensitive but unspe-
cific; the increased FDG uptake in skeletal muscles may
be indicative of inflammation/injury, but also of physi-
cal activity right before or during the time from tracer
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injection to imaging, high insulin levels, and other rea-
sons [42, 43].

FDG was not previously compared directly with PYP
in IMM patients, but it has been studied along with the
PET bone tracer, fluorine-18-sodium fluoride (NaF), with
characteristics similar to those of PYP for the detection
and quantification of early-stage atherosclerosis [44—46].
NaF has no noticeable uptake in healthy muscles but
is seen in injured muscle [47], where it is taken up by
microcalcification (<50 pum) [48] by a mechanism simi-
lar to that of PYP uptake into striated muscle and myo-
cardium. In atherosclerosis, arterial wall FDG uptake is
a waxing and waning process, and there is a remarkable
little overlap between arterial wall uptake of FDG and
NaF. NaF uptake signifies ongoing arterial wall calcifica-
tion, which may vary over time in cardiovascular low-risk
subjects, but appear to increase slowly in patients with
angina pectoris [49]. Extrapolation from these obser-
vations suggests that there should not be a high degree
of agreement between PYP and FDG uptake in skeletal
muscles of IIM patients although there may well be some
sort of connection, the most probable one being that
a state of muscular inflammation in IIM may at times
give rise to more severe tissue damage resulting in local
necrosis, which is what is visualized by PYP imaging.

Even with the few patients examined head to head, the
consistency of our data raises the question of the extent
to which the two tracers demonstrate the same or differ-
ent disease processes, and whether one is preferable or
if they should rather be used supplementary. The FDG
uptake may vary by the activity of the disease, and mus-
cular PYP uptake may be larger (and thus detectable)
than in healthy controls but only give rise to visible foci
in case of significant focal muscular necrosis. This sug-
gests that the two tracers show two sides and two stages,
one more advanced than the other, of the same muscle-
degrading disease.

It was a single-center study of a small number of
patients with muscle segmentation performed manually
but similarly in patients and healthy controls. We did not
test the reproducibility of this procedure, since the esti-
mation of proportions of agreement in small samples like
ours would imply very wide 95% confidence intervals.
We have previously tested semi-automated segmentation
of thigh muscles and found acceptable but not optimal
reproducibility [14], and we recognize that segmentation
may be more challenging in the upper extremities with
minor muscle groups, where SUVs in the present mate-
rial differed more between patients and controls.

The myositis-specific autoantibodies anti-NXP2, TIF1y,
SAE1, MDAS5, and HMGCR were not measured, as an
older version of the immunoblot (EUROLINE Myositis
Antigens Profile 3) was used. Even though the potential
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presence of these autoantibodies adds additional infor-
mation to the patient group, none of these autoantibod-
ies are included in the ACR/EULAR classification criteria
from 2017.

Conclusions

IIM is a complex disease entity with various findings
calling for a multi-faceted diagnostic approach. Nuclear
imaging may support the diagnosis of IIM and car-
ries several potentials including whole-body scanning.
Both PYP and FDG accumulate in inflammatory muscle
lesions but are not specific for inflammation. Compared
with PYP, skeletal muscle uptake is more pronounced
with FDG, which also allows for the evaluation of other
organ involvement and cancer screening. The present
data suggest that FDG PET/CT may be of diagnostic
value in IIM and add to the body of knowledge necessary
for further development of functional imaging in IIM,
which we strongly encourage.
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