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Abstract
Purpose of Review Positron emission tomography (PET) combined with computed tomography (CT) has proven useful as a
cancer screening technique in patients with inflammatory myopathy, mainly dermatomyositis. In this review, we focus on
advances in this direction and other potential applications of PET/CT in patients with inflammatory myopathy.
Recent Findings Cancer screening by PET/CTseems suitable and cost-effective in patients with myositis. It has also shown value
as a hybrid technique for diagnosing myositis versus controls and could be of interest for differentiating between polymyositis
and sporadic inclusion body myositis. Quantification of muscle activity by PET/CT seems reliable. Preliminary data suggest that
it could also be used to diagnose and measure the activity of the disease in the lung.
Summary PET/CTshould be in the toolbox of physicians managing patients with myositis. The multiple applications of PET/CT
include its value for cancer screening, measuring the activity of the disease in muscle, and helping to differentiate between
myositis phenotypes. The possibility to diagnose and monitor inflammatory lung activity remains to be demonstrated in well-
designed studies.
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Introduction

Idiopathicinflammatorymyopathies,generallyreferredtoasmyo-
sitis,areagroupofheterogeneousdisordersofautoimmuneorigin.

Theyareconsideredsystemic innatureanddisplayseveral clinical
manifestations. In addition to muscle inflammation, the hallmark
of the disease, there may be arthritis, interstitial lung disease, and
characteristic skin involvement [1]. These disorders can be cate-
gorized intofivephenotypes:dermatomyositis,polymyositis, spo-
radic inclusion myositis, immune-mediated necrotizing myopa-
thy, and antisynthetase syndrome [2]. Some of these phenotypes,
mainly dermatomyositis, are considered paraneoplastic, as nearly
one third of patients with dermatomyositis harbour cancer at the
time of the diagnosis [3].

Over the last decade, positron emission tomography (PET)
combined with computed tomography (CT) has proven to be a
useful, non-invasive, hybrid technique (combining nuclear and
CT imaging) for amyriad of purposes [4]. It can be used to detect
morphologic changes through imaging, as well as functional
changes related to the avidity of tissues for isotope uptake. The
isotope most commonly used in the examinations is [18F]
fluorodeoxyglucose ([18F] FDG), but other isotopes have been
incorporated recently, such as florbetapir for amyloid diagnosis
and quantification. It is relevant to differentiate between [18F]-
FDG PET as an isotopic technique alone and the mixed [18F]-
FDG PET nuclear medicine and CT radiology technique (PET/
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CT), which enables better anatomic resolution than [18F]-FDG
PET alone [5]. Nowadays, most studies are performed with the
PET/CThybrid technique, and [18F]FDGis themain isotopeused
inmyositis patients.

PET/CT findings are usually evaluated by visual assess-
ment. Any lesion showing isotope uptake higher than back-
ground activity should be considered abnormal (pathological),
while always taking into consideration the morphological
changes detected by CT. The visual assessment should be
accompanied by a semiquantitative evaluation involving the
standardized uptake value (SUV). The SUV is a measure of
the uptake of a given lesion in relation to the isotope dose
administered. It is an indirect indication of the uptake intensity
of the lesion in comparison with the normal uptake or the
uptake of other lesions found in different organs or tissues.
SUVmax is defined as the highest uptake in a single pixel,
SUVmean as the mean uptake of all pixels in a selected area,
and SUV ratio as the ratio between the SUV in a given lesion
and a reference tissue, usually the liver. The software currently
used to read PET/CT studies incorporates semiautomatic tools
to calculate the SUV [6].

In this review, we will discuss available data on the useful-
ness of PET/CT in myositis patients, including screening for
associated cancer, diagnostic purposes, measuring the activity
of the disease, and determining the myositis phenotype.

Cancer Screening

It is well recognized that cancer can be associated with some
myositis phenotypes. This is the case of dermatomyositis and,
to a lesser extent, polymyositis and immune-mediated necro-
tizing myositis [7–10]. The potential presence of an occult
malignancy in a patient with dermatomyositis is a cause of
concern for the treating clinician. In addition to laboratory
tests such as the immune profile, which includes autoanti-
bodies (e.g. TIF1γ [11] and NXP-2) [12], a good strategy to
detect occult malignancy in this scenario is imaging screening.
[18F]-FDG PET/CT seems to be a suitable option for this

purpose [12] (Fig. 1). One study performed a decade ago
prospectively analysed a cohort of 55 dermatomyositis pa-
tients over a 3-year period, comparing the use of conventional
broad cancer screening (thoracoabdominal CT, mammogra-
phy, gynaecologic examination, ultrasonography, and tumour
marker analysis) with a single [18F]-FDG PET/CT study [13].
The authors found that the predictive value for detecting oc-
cult malignancy was similar between the two approaches.
Although it seems clear from the patient’s perspective that a
single test is better than a battery of tests involving several
hospital appointments, issues have been raised about the cost
burden and higher radiation exposure of PET/CT relative to
plain PET without concurrent CT. In a retrospective cohort
study [14•] (2005–2014), the total mean cost to insurance
companies and the mean out-of-pocket cost to patients were
analysed. Researchers found that the cost of a single PET/CT
scan compared to broad cancer screening was higher for the
companies but lower for patients, both men and women.
These results opened the door to more generalized implemen-
tation of PET/CT for dermatomyositis cancer screening in
countries where this test is not available through publically
funded health resources.

Nevertheless, the idea that PET/CTshould be carried out in
all patients diagnosed with dermatomyositis has been chal-
lenged, at least at the onset of the autoimmune disease. In a
retrospective cohort study performed between 2005 and 2018
in Montreal, [18F]-FDG PET/CT results were investigated in
63 patients diagnosed with various myositis phenotypes, near-
ly half of them (31 of 63) with dermatomyositis [15]. Only 3
cases of cancer-associated myositis were found (all in derma-
tomyositis patients, 10%), and all were diagnosed by conven-
tional screening. PET/CT did not identify any occult malig-
nancy, and the findings led to additional biopsies, which ulti-
mately tested negative. The authors concluded that PET/CT
did not seem useful for cancer screening as compared to con-
ventional methods and warned about possible iatrogenic con-
sequences. However, some factors, such as the retrospective
nature of the study, the small number of cancer patients
analysed, and the fact that most patients did not undergo

Fig. 1 A 49-year-old woman
presented with the characteristic
Gottron sign and heliotrope rash.
She reported progressive muscle
weakness during the last
2 months. Blind screening with
[18F]-FDG PET/CT (left panel)
disclosed a uterine mass yielding
a high standardized uptake value
(SUV max = 12.8) (arrow).
Hysterectomy revealed an
undifferentiated uterine sarcoma.
The right panel shows [18F]-FDG
PET image
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whole-body PET/CT advise caution with these conclusions.
Prospective studies comparing the two approaches and studies
analysing the cumulative experience of years of PET/CT use
will help to define the reliability of these tests for diagnosing
occult malignancy in dermatomyositis patients. In any case,
cancer screening strategies should not only involve imaging
techniques such as PET/CT, but also epidemiological, pheno-
typical, and immunological assessment [16].

Inflammatory Activity in the Muscle

Muscle activity in myositis is usually measured on clinical
grounds with the help of well-recognized instruments (e.g.
manual muscle testing) [17] or by using magnetic resonance
imaging (MRI) of the muscle [18]. Differentiation between
autoimmune disease activity and muscle damage based only
on clinical factors can be difficult in some cases. Thus, as a
complementary examination, [18F]-FDG PET/CT can help to
define the muscle activity (Fig. 2).

One of the first studies assessing [18F]-FDG PET/CT for
determining muscle inflammation activity was reported in
2014 by Tateyama et al. [19]. The authors used the standard-
ized uptake value (SUVmax) measure and simple visual eval-
uation in a retrospective study of 33 patients diagnosed with
dermatomyositis or polymyositis. All patients had undergone
PET, and 25 of them had concurrent CT. A good correlation
was found between the SUVmax and the serum creatine ki-
nase value, muscle biopsy findings, and visual evaluation.
Muscle involvement was quite symmetrical and significantly
higher in myositis patients than in the 22 patients with amyo-
trophic lateral sclerosis included as controls.

The main difficulty in evaluatingmyositis activity by [18F]-
FDG PET/CT is that normal values and the values denoting
activity have not been conclusively defined. This lack of stan-
dardization has led to discordant results in the related studies.
In a small study including 12 myositis patients (10 dermato-
myositis and 2 polymyositis), Pipitone et al. [20] found that
increased proximal muscle activity based on [18F]-FDG PET/
CTwas evident in myositis patients versus controls (sensitiv-
ity 75%, specificity 100%), but a good correlation with crea-
tine kinase levels and muscle strength measured by manual
muscle testing was lacking. In a retrospective study of 24
patients with myositis (11 polymyositis, 13 dermatomyositis),
Owada et al. [21] reported that FDG-PET imaging had lower
sensitivity (33%) for the myositis diagnosis than conventional
examinations, such as electrophysiological studies (74%),
MRI (51%), or muscle biopsy (100%), whereas specificity
remained very high (97%). The main difference between the
two studies was that FDG uptake was expressed as the
SUVmax ratio of the proximal muscle to the liver in the first
study, whereas in the second, positive activity was defined as a
higher SUVmax in the muscle than the liver, currently the
standard way of measuring the activity in the vessels in vas-
culitis patients [22].

Other studies [23, 24] have also analysed the correlation
between creatine kinase levels and FDG uptake (SUVmean
and SUVmax, respectively) as an indicator of disease activity
in patients with myositis. The correlation with serum creatine
kinase and muscle strength seemed good when the proximal
muscle was analysed, but it failed when the average
SUVmax—that is, the average of SUVmax values calculated
for the proximal muscles bilaterally—was used as the measure
[24]. An interesting finding emerged in the study by Tanaka

Fig. 2 A 58-year-old man was
diagnosed with statin-associated
immune-mediated necrotizing
myopathy, with positive anti-
HMGCR antibodies. Cancer
screening with [18F]-FDG PET/
CT (left panel) detected no
malignancy but documented high
uptake (SUVmax = 3.4) in the
proximal muscles (arrows). At the
time PET/CT was performed, the
creatine kinase value was
49,010 IU/L (normal value, <
195 IU/L). The patient improved
after immunosuppressive therapy.
The right panel shows normal
muscle uptake (arrows) in a
patient without myositis
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et al. [23]: a good correlation was found between the PET/CT
SUVmax and the results of muscle biopsy inmyositis patients.
As has been seen in studies using MRI [25], [18F]-FDG PET/
CT may be a good technique for determining the site where
the muscle should be biopsied. Finally, a recent article by
Matuszac et al. [26••] focused on determining the disease ac-
tivity in the muscle with [18F]-FDG PET/CT and assessed the
validity of the technique. The authors analysed 34 myositis
patients who underwent 44 PET/CT studies. Subsequent ex-
aminations in 10 patients allowed changes in the muscle ac-
tivity to be detected over time (AUC 0.96; 95% CI 0.84–1).
The method they used to measure the activity was the average
of 16 muscle SUVmax values, normalized to the mean liver
SUV. The authors concluded that PET/CT may be useful for
monitoring the muscle activity in myositis.

In comparisons with other myopathies and controls, current
data suggest that [18F]-FDG PET/CT is a good imaging tech-
nique for diagnosing myositis activity. Although its usefulness
for monitoring muscle activity is still uncertain, at least one
article has established that the use of the average muscle
SUVmax value normalized to the mean liver SUV is a reliable
method for this purpose [26••]. The question that still remains is
what are the advantages (if any) of PET/CTcompared tomuscle
MRI to assess the muscle disease activity, given that MRI does
not use ionizing radiation (potential for longitudinal follow-up)
and does not have the normalization limitations of PET/CT.

Inflammatory Activity in the Lung

Idiopathic inflammatory myopathies are considered systemic
diseases that involve organs other than the muscle, skin, and
joints [1, 2]. The lungs are often affected, and the clinical
presentation can vary considerably from rapidly progressive
interstitial lung disease associated with anti-MDA5 antibodies
[27] to a more chronic form, such as antisynthetase syndrome
[28]. In this situation, clinicians need to assess the level of
disease activity to decide when and how immunosuppressive
therapy should be started or withdrawn. At present, the best
way to determine and monitor respiratory function is with
lung function testing, which includes the forced vital capacity
(FVC) and carbonmonoxide-diffusing capacity (DLCO) [29].

Interstitial lung disease is an important cause of death in
patients with myositis [29]. It mainly develops in the context
of antisynthetase syndrome, where it usually accompanies
other manifestations, some of the major ones such as arthritis
and myositis, and some minor such as Raynaud phenomenon,
fever, or “mechanic hands”. However, other dermatomyositis
patients, mainly those with anti-MDA5 antibodies, can also
develop rapidly progressive interstitial lung disease. Although
high-resolution CT (HRCT) and lung function tests (FVC and
DLCO) are commonly used for the diagnosis, evaluation, and
follow-up of this condition, some authors have evaluated the

hybrid technique PET/CT for detecting and quantifying alve-
olitis in the lungs, based on increased FDG uptake in inflam-
matory cells (Fig. 3). As the lung is normally filled with air,
the metabolic index is null and the SUVmax is usually negli-
gible in this organ. Therefore, the detection of any inflamma-
tory activity in the lung will differ from the physiological
uptake, which is near zero.

Investigators from Japan [30] performed a study including
22 patients with antisynthetase syndrome and interstitial lung
disease, and what they found was interesting. High [18F]-FDG
uptake (SUVmax) was observed in the areas of the lung where
inflammatory lesions were seen on HRCT, and a good correla-
tion was observed between the SUVmax and the HRCT scan
score, as well as a classic biomarker of activity, blood levels of
Krebs von den Lungen-6 (KL-6). Another study [31] including
45 patients with connective tissue disease, 16 of them diag-
nosed with dermatomyositis/polymyositis, described the value
of this hybrid technique for identifying inflammatory lung le-
sions in patients with associated interstitial lung disease. This
research is noteworthy because the authors found that the [18F]-
FDG SUVmax changed after treatment and was consistent with
the activity of the interstitial lung disease. The possible imaging
confounder due to respiratory movements was overcome by
using a deep-inspiration breath-hold technique [31, 32].

In a case report [33] by Japanese researchers, [18F]-FDG
PET/CT was able to detect inflammatory activity in the lung
1 month before the development of a rapidly progressive in-
terstitial lung disease in an anti-MDA5-positive amyopathic
dermatomyositis patient. Although, unfortunately, the patient
died despite the initiation of treatment, there is a possibility
that early PET/CT examination may improve the outcome of
these patients. In a retrospective study [34••], researchers in
China reported high sensitivity and specificity for detecting
rapidly progressive interstitial lung disease when the [18F]-
FDG SUVmax was higher than 2.5 on PET/CT, although
the diagnostic yield of this technique did not differ from that
of HRCT. Additional studies in larger patient series are needed
to know whether PET/CT is warranted for early detection of
this severe manifestation.

Although other techniques have been proposed to quantify
the activity of interstitial lung disease (e.g. gadolinium-
enhanced MRI or high-field MRI) [35, 36], this is still a chal-
lenging clinical problem and PET/CT should also be consid-
ered a promising tool in this line.

Sporadic Inclusion Body Myositis, Focal
Myositis, and Rare Organ-Specific
Involvement

Most of the data mentioned up to now have been focused on
dermatomyositis, polymyositis, and alveolitis detection in
myositis-associated interstitial lung disease. However, other
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myositis phenotypes may benefit from PET/CT, such as spo-
radic inclusion body myositis (sIBM). Although several
criteria have been proposed for diagnosing sIBM, it may be
difficult to reach a diagnosis in some patients, and misdiagno-
ses (e.g. polymyositis) can occur, particularly at the onset of
the disease [37]. Autoantibodies to cytosolic 5′-nucleotidase
1A (anti-cN1A) can contribute to the diagnosis, although they
can also test positive in other myositis subsets [38, 39]. The
rimmed vacuoles detected in muscle biopsy of sIBM patients
are rich in neurodegenerative proteins, including β-amyloid
[40]. Hence, the use of PET with [18F] florbetapir, a good
marker for detecting amyloid disease, could be an interesting
approach. Lilleker et al. from Manchester have explored this
strategy [41••]. In a small study, these authors performed [18F]
florbetapir PET in 10 sIBM patients and compared the find-
ings with those of 6 polymyositis patients. The florbetapir
SUV was significantly higher in those with sIBM, yielding a
sensitivity of 80% and specificity of 100% for the sIBM diag-
nosis. The passage of time and additional studies in larger
patient series will determine whether [18F] florbetapir PET is
a useful complementary technique for the diagnosis of sIBM,
although the initial results are encouraging [42].

Focal myositis, a benign condition that sometimes re-
quires treatment with immunosuppressive therapy, can be
identified using [18F]-FDG PET/CT. In this scenario, the role
of the technique is not related to detecting occult malignancy
or assessing muscle activity, but it has proven useful for
diagnosing focal myositis as an unexpected finding in pa-
tients undergoing this test for non-specific signs and symp-
toms (e.g. fever of unknown origin, a localized mass, pain,
and swelling) and other complaints [43–45].

The reported rates of cardiac involvement in patients with
myositis range from 9 to 70%, and true myocarditis seems to
be rare [46]. Nonetheless, one study in patients with

antisynthetase syndrome reported a myocarditis rate of 42%
[47]. In addition, necrotizing myositis and myocarditis are
among the complications described in relation to cancer immu-
notherapy [48]. The diagnosis of cardiac involvement mainly
relies on clinical criteria, MRI findings, and high levels of tro-
ponin I. However, there is some evidence that [18F]-FDG PET/
CT may be of help as a complementary tool to diagnose myo-
carditis in myositis patients [49].

A Comprehensive Approach for the Use
of PET/CT in Patients with Myositis

In the heterogeneous group of autoimmune systemic diseases
referred to as myositis, the muscle, skin, lung, and even the
heart can be affected, and malignancies are common in some
disease phenotypes. Thus, it makes sense to use a hybrid tech-
nique such as PET/CT to assess these various manifestations.
Only 1 study has focussed on investigating the value of [18F]-
FDG PET/CT for this multifaceted task. Li et al. [34••] retro-
spectively analysed a cohort of 38 patients with various myo-
sitis phenotypes and sought the presence of malignancy, mus-
cle activity, and interstitial lung disease. The technique cor-
rectly detected 7 malignancies and found higher muscle FDG
uptake in myositis patients than in controls. Furthermore,
PET/CT findings showed a good correlation with creatine
kinase values, muscle weakness, and interstitial lung disease
detected by HRCT, which was acquired simultaneously with
PET/CT. In addition, FDG uptake in the lung was higher in
patients with rapidly progressive interstitial lung disease. The
data from this first evaluation suggest that PET/CT could be a
useful complementary examination to be performed system-
atically at the diagnosis of patients with inflammatory
myopathy.

Fig. 3 A man aged 55 years consulted for dyspnoea and mild muscle
weakness. On physical examination, mechanic’s hands were observed,
and lung crackles were noted at auscultation. He was diagnosed with
antisynthetase syndrome and received treatment with tacrolimus and
prednisone, achieving a mild improvement. [18F]-FDG PET/CT

performed for cancer screening (left panel) did not detect cancer, but
isotope uptake was high in both lung bases (SUV max = 4.5) (arrows).
As lungs are normally filled with air, the metabolic index is null and the
SUVmax is usually negligible in physiologic conditions. Infectious
complications were ruled out. The right panel shows [18F]-FDG PET image
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Conclusions and Future Directions

As has been highlighted in this review, the main interest of
PET/CT in myositis patients centres on cancer screening and
objective measures of muscle activity. Other potential appli-
cations, such as quantifying alveolitis over time in interstitial
lung disease, achieving an early diagnosis in rapidly progres-
sive lung disease, and establishing the differential diagnosis
between sIBM and polymyositis require further investigation
in well-designed studies in large patient samples.

Beyond the above-mentioned usefulness of PET/CT in
myositis, ongoing advances in this technique may lead to fur-
ther applications. Assessment of coronary inflammation [50]
by PET/CT using FDG or new tracers such as 68Ga-
DOTATATE, a good marker of coronary inflammation; cho-
line, a biomarker of macrophage infiltration; or 18F-sodium
fluoride for coronary calcification, among others, will un-
doubtedly expand the value of PET/CT for myositis and some
of its associated complications. Finally, techniques that com-
bine PET and MRI instead of CT may lead to a better resolu-
tion for visualizing the vessels, soft tissue, skin, and muscle,
while avoiding cumulative radiation exposure if repeated im-
aging is needed over time [51, 52].
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