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Abstract

Aims: Line immune-assays (LIA) for the detection of myositis-specific antibodies (MSA) are
used widely for characterization of idiopathic inflammatory myopathies (IIM). Their current use
and significance for the diagnosis of IIM remains unclear.

Methods: In this retrospective analysis, we retrieved clinical diagnoses of patients tested for
MSA and myositis-associated antibodies (MAA] Jo-1, Mi-2a, Mi-2B, TIF1y, SRP, MDA-5, NXP-
2, SAE, PL-7, PL-12, EJ, OJ, PM-Scl100, PM-Scl75 and Ku. We calculated clinical specificity,

clinical sensitivity, negative- and positive predictive values (PPV] as well as positive and

negative likelihood ratios.

Results: In total, we analyzed 3167 samples. After exclusion of repeated measurements
and patients with insufficient clinical information, data of 1118 patients were available
for analysis. A total of 242 patients tested positive for at least one antibody, of which 45
patients had a diagnosis of 1IM; 25 IIM patients were negative for all MSA/MAA. Clinical
specificity of MSA/MAA for the diagnosis of [IM ranged between 94.2% and 99.9%. Clinical
sensitivity and PPV across all antibodies tested ranged from 0.0% to 12.9% and 0.0% to

72.7%, respectively.

Conclusion: In clinical practice MSA/MAA are used widely for diagnostic work-up of 1M,
resulting in a low pre-test probability. Clinicians should be aware that PPVs for most MSA/

MAA are low.
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Introduction

Idiopathic inflammatory myopathies (IIM) are
rare autoimmune disorders characterized by
immune-mediated muscle destruction resulting
in muscle weakness. In addition, systemic involve-
ment of the skin, joints, lungs, and heart is com-
mon, contributing to the high morbidity and
mortality of these diseases. IIM includes dermat-
omyositis (DM), inclusion-body myositis (IBM),
immune-mediated necrotizing myopathy, and the

increasingly doubted polymyositis (PM).! IIM
can overlap with other systemic autoimmune dis-
orders or develop in the context of malignancy.
Although the spectrum of IIM is highly heteroge-
neous, myositis-specific antibodies (MSA) and
myositis-associated autoantibodies (MAA) can
help to identify subsets of patients with relatively
homogeneous clinical features.? MSA like mela-
noma-derived antigen (MDA)-5 identify patients
at risk for interstitial lung disease (ILD), whereas
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antibodies against transcriptional intermediary
factor (TIF)-1y indicate DM-associated malig-
nancy.!»2 Furthermore, in IIM with complicated
features refractory to conventional treatment, the
presence of MSA/MAA may predict a better
response to rituximab.3 Identification and charac-
terization of single MSA was initially performed
by immunoprecipitation (IP) resulting in a very
high clinical specificity for IIM. However, indi-
vidual MSA have low clinical sensitivity occurring
only in a subset of IIM patients. Simultaneous
testing for multiple MSA using a single line
immuno-assay (LIA) was developed as a potential
alternative to IP,* and moderate-to-high agree-
ment of both methods was demonstrated.>°
Furthermore, LIA are fast and easier to perform,
allowing detection of MSA/MAA in standard
diagnostic laboratories.>

Most previous studies investigating the diagnostic
accuracy MSA/MAA LIAs were performed in
relatively small and homogenous cohorts of IIM
patients. We hypothesize that this does not reflect
the current clinical situation where MSA/MAA
may be used increasingly as biomarkers in the
diagnostic work-up of suspected IIM. The diag-
nostic use of MSA/MAA LIAs in this setting is
unclear and has not been assessed so far.”-8

This study aims to investigate the use and diag-
nostic value of MSA/MAA LIA in a large cohort
of patients.

Patients and methods

Patients

All results of the Euroline Autoimmune
Inflammatory Mpyopathies LIA (Euroimmun,
Liibeck, Germany) obtained in our diagnostic
laboratory between October 2014 and October
2017 were included in this retrospective analysis.
In addition, a second cohort of 104 patients with
an established diagnosis of metastatic or locally
advanced pancreatic, breast or lung cancer with-
out signs of IIM was tested for the prevalence of
MSA and MAA. This group was compared to 88
age- and sex-matched healthy controls (general
population). Our study was approved by the insti-
tutional review board of the Medical University of
Graz (EK 30-239ex17/18). An informed consent
was not sought for this study, and the need for
informed consent was waived by the ethic com-
mittee because of the retrospective study design.

MSA/MAA line immunoassay

The following 15 MSA and MAA were assessed:
anti-Jo-1, anti-Mi-2a, anti-Mi-2, anti-TIF1y,
anti-SRP, anti-MDA-5, anti-NXP-2, anti-SAE,
anti-PL-7, anti-PL-12, anti-EJ, anti-O]J, anti-
PM-Scl100, anti-PM-Scl75 and anti-Ku (Euroline
Autoimmune Inflammatory Myopathies LIA,
Euroimmun). Although included on the LIA,
we did not evaluate the results of anti-Ro-52 as it
is tested routinely by an enzyme-linked immu-
noassay (ELISA) in our laboratory. LIAs were
performed according to the instructions pro-
vided by the manufacturer, using EUROBIlotOne
(Euroimmun). Intensities of the LLIA strips were
analyzed wusing the EUROLineScan system
(Euroimmun) resulting in semi-quantitative units.
According to the manufacturer, results greater
than 10 units were considered as positive.

Patient data

The electronic medical records of the tested
patients were reviewed for clinical diagnoses of
IIM, other autoimmune disorders, ILD or malig-
nancy from the time of the LIA test until present.
Patients categorized as ‘other autoimmune disor-
der’ had a clinical diagnosis of an autoimmune
disease other than IIM and no signs of IIM in
their electronic records. Patients without suffi-
cient clinical data were excluded from analysis. In
case of repeated test results, the most recent result
was used for analysis.

Statistical analysis

Clinical specificity, clinical sensitivity, negative
predictive values (NPV) and positive predictive
values (PPV), the positive and negative likelihood
ratio (LR) were calculated for the presence of IIM
and ILD. Additionally, PPV was calculated for
the presence of autoimmune diseases other than
IIM and malignancy. Correlations of MSA/MAA
results and age were calculated using Spearman’s
correlation coefficient. Fisher’s exact test was
performed to compare MSA/MAA results of can-
cer and control patients. The pvalue was adjusted
for multiple testing using the Sidak correction
(corrected pvalue was p=<0.003). Receiver oper-
ating characteristic curve (ROC) analysis was
performed to identify possible new cut-offs for
individual MSA/MAAs. Calculations were per-
formed wusing MS Excel 2010 (Microsoft,
Redmond, WA, USA) and SPSS V22.0 (IBM,
Chicago, IL, USA).
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Table 1. Frequency of diseases in MSA/MAA positive patients.*

MSA/MAA n, positive tested 1M, n (%) ILD,n (%)  Malignancy, n (%) AID, n (%) ND, n (%)
Jo-1 20 9 (45.0) 4(20.0) 4(20.0) 4(20.0) 11(55.0)
TIFly 19 2(10.5) 0 (0) 1(5.3) 9 (47.4) 17 (89.5)
MDA-5 15 4(26.7) 0(0) 2(13.3) 3(20.0) 10 (66.7)
NXP-2 12 4(33.3) 1(8.3) 1(8.3) 1(8.3) 8(66.7)
SAE 4 2 (50.0) 0(0) 1(25.0) 0 (0) 2 (50.0)
PM-Scl100 26 5(19.2) 0(0) 5(19.3) 14 (53.9) 21(80.8)
PM-Scl75 66 3 (4.5) 416.1) 4(6.1) 27 (40.9) 62 (63.9)
PL-7 24 6 (25.0) 6(25.0) 3(12.5) 11(45.8) 18(75.0)
EJ 1 00 0(0) 0 (0) 0 (0) 1(100)

0J 3 0(0) 0 (0) 0 (0) 1(33.3) 3(100)

PL-12 27 1(3.7) 4(14.8) 21(7.4) 7125.9) 26 (96.3)
SRP 34 8 (23.5) 4(11.8) 4(11.8) 7(20.6) 25 (73.5)
Mi-2a 11 8 (72.7) 1(9.1) 1(9.1) 3(27.3) 3(27.3)
Mi-2p 21 5(23.8) 21(9.5) 4(19.1) 9 (42.9) 16 (76.2)
Ku 25 5(20.0) 1(4.0) 31(12.0) 8 (32.0) 20 (80.0)

*Positive auto-antibodies may belong to more than one disease category.
AB, antibody; AID, autoimmune-disorder; IIM, idiopathic inflammatory myopathies; ILD, interstitial lung disease; MAA, myositis-associated
antibody; MSA, myositis-specific antibody; ND, not diagnosed as IIM, ILD, AID or malignancy.

Results

In total, we analyzed the LIA results of 3167 sam-
ples; 31% of the samples were sent from rheuma-
tology out-patient clinics, 7% from dermatology
departments, 62% from other departments and
physicians. Reasons for ordering LIA tests were
suspicion or presence of IIM (17%), muscle
weakness or creatinine kinase elevation (8%),
myalgia (7%), differential diagnosis of other auto-
immune rheumatic disease, including Raynaud’s
phenomenon (24%) and others (44%). Test
results from 2049 samples were excluded because
of insufficient clinical data or repeated testing of
the same patient. In this case, the most recent
result was used for analysis. For further analyses,
clinical records of 1118 patients were reviewed
(Figure 1); 55% of patients were female and the
mean age [*= standard deviation (SD)] of this
cohort was 54.9 (+16.3) years of age. A total of
249 (22.3%) patients had at least one antibody
tested positive, of which 45 patients had a clinical
diagnosis of IIM (as documented by the treating

physician). The frequency of IIM, ILD, AID and
malignancy with positive MSA and MAA is
depicted in Table 1.

The test characteristics of individual MSA/MAA
is summarized in Table2. We performed ROC
analysis to identify more specific cut-offs for the
individual MSA/MAAs. However, increasing the
cut-offs did not lead to fewer false-positive results
(data not shown). Considering only MSA/MAA
positive patients with indirect immunofluores-
cence (IIF) pattern on HEp-2 cells compatible
with the respective MSA/MAA (according to the
International Consensus on  Standardized
Nomenclature of Antinuclear Antibody HEp-2
Cell Patterns - ICAP) decreased clinical sensitiv-
ity but did not enhance the clinical specificity
(supplemental TableS1).%10 MSA/MAA levels
and age or sex did not show any significant cor-
relations. A clinical diagnosis of ILD was present
in 9 MSA/MAA negative and in 12 MSA/MAA
positive patients (Table 2).
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3167 Myositis line
immunoassays
performed from

2014-2017

Excluded (n=2049): repeats, samples
with insufficient clinical information

Analysis of patient records
with sufficient data
(n=1118)

negative AB testing
(n=869)

/

25 patients with
clinical IIM diagnosis

!

undiff. Myositis (n=2)
Dermatomyositis (n=7)
Polymyositis (n=10)
Overlap Myositis (n=4)
necrotizing Myositis (n=1)
juvenile Dermatomyositis
(n=1)

Figure 1. Flow chart of data analysis.

positive AB testing
(n=249)

N\

45 patients with
clinical IIM diagnosis

}

undiff.Myositis (n=2)
Dermatomyositis (n=14)
Polymyositis (n=9)

Overlap Myositis (n=3)
necrotizing Myositis (n=1)
juvenile Dermatomyositis (n=3)
eosinophilic Myositis (n=1)
Antisynthetase Syndrome
(n=12)

AB, antibody; IIM, idiopathic inflammatory myopathies; undiff. undifferentiated.

The PPVs for autoimmune diseases other than IIM
and malignancies are listed in Table 3. In total, 22
patients had a malignancy (=3 with ILD, n=38
with AID, n=11 without diagnosis of IIM, ILD, or
AID); 39 patients had an AID other than IIM.
Patients positive for anti-Ku were diagnosed more
often with SLE than IIM (24% vs. 20%, Table 4),
and 15% of anti-PL12 positive individuals had a
diagnosis of systemic sclerosis (SSc) rather than
IIM (4%). Unexpectedly, malignancy was present
in 20% of anti-Jo-1 positive patients and only 5% of
TTF-1y positive patients (Table 3).

To assess if MSA/MAA were more frequent in
cancer patients than in the general population, we
analyzed a second cohort without signs of IIM
consisting of 88 healthy controls and 104 patients
with locally advanced or metastatic breast (33%),

lung (32%), and pancreatic (35%) cancer. We
found no significant differences in MSA/MAA
between cancer patients and controls (supple-
mental Table S2).

Discussion

Although MSA are considered to be highly spe-
cific for IIM, their value in the diagnostic work-
up of patients suspected of IIM is unclear.!
Despite the lack of evidence, physicians in daily
clinical practice may be tempted to use MSA/
MAA for diagnostic purposes rather than for
stratification and prognosis of established IMM.
Analyzing the reasons for ordering MSA/MAA
LIA in our real-world cohort revealed that physi-
cians ordered the test in the setting of suspected
or established IIM in only a minority of cases.
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Table 3. Positive predictive values of myositis-blot antibodies in
malignancies and autoimmune diseases other than [IM.

MSA/MAA AID (n=39) Malignancy (n=22)
n* PPV (%) n* PPV (%)
Jo-1 4 20.00 4 20,00
TIF1y 9 47.37 1 5,26
MDA-5 3 20.00 2 13.33
NXP-2 1 8.33 1 8.33
SAE 0 0.00 1 25.00
PM-Scl100 14 53.85 5 19.23
PM-Scl75 27 40.91 4 6.06
PL-7 11 45.83 3 12.50
EJ 0 0.00 0 0.00
0J 1 33.33 0 0.00
PL-12 7 25.93 2 7.41
SRP 7 20.59 4 11.76
Mi-2a. 3 27.27 1 9.09
Mi-2p 9 42.86 4 19.05
Ku 8 32.00 3 12.00

*A single patient may be positive for more than one MSA/MAA.
AID, autoimmune disease other than IIM; MAA, myositis-associated antibody;
MSA, myositis-specific antibody; PPV, positive predictive value.

Differential diagnosis of suspected autoimmune
rheumatic diseases, creatinine kinase elevation,
muscle weakness and myalgia were frequent rea-
sons. In addition, recommendations to screen for
the presence of IIM using MSA/MAA in the set-
ting of idiopathic interstitial pneumonia may
explain the number of tests ordered by pulmon-
ologists.!! Despite the large number of MSA/
MAA tests performed, we identified only 70 IIM
patients in our cohort. This indicates that clini-
cians in daily routine are using MSA/MAA
mainly as a tool for diagnostic work up. The
number of LIA tests performed in Spain (~250
per 10° inhabitants/year), and New Zealand
(~200 per 109 inhabitants/year) is comparable
with the number performed in our laboratory
(~260 per 10° inhabitants/year) suggesting that
diagnostic use of MSA/MAA is global prac-
tice.12:13 Naturally, this results in a low pre-test
likelihood as IIMs are rare diseases. A recent
Swedish study estimated the incidence of IIM to

be 11 cases per 10° inhabitants/year.!* Previous
studies on MSA/MAA have been performed in
well-defined IIM cohorts with a high pre-test
likelihood, thus not reflecting the clinical reality
of MSA/MAA use.* Studies reporting results of
larger sample sizes did not have access to clinical
diagnoses.!13 Qur study reveals unexpectedly
low PPVs and positive likelihood ratios for all
MSA/MAA, except for Mi-2a.. In line with our
results, Zampeli et al. recently reported that only
32% of the patients positive for anti-tRNA syn-
thetases by LIA satisfied the classification criteria
for antisynthetase syndrome.!> Montagnese et al.
analysed the utility of LIA-based MSA in the
diagnostic work up of patients with neuromuscu-
lar disease.!® While MSA where the most useful
parameter to identify IIM among patients with
undifferentiated myopathy, MSA were of limited
use in diagnosing IIM in general. In summary,
these data suggest that MSA/MAA testing by
LIA may not qualify as tool for the diagnostic
work up of suspected IIM.

To increase clinical specificity and PPV, a recent
study suggested excluding MSA with a low-posi-
tive signal intensity.!5:17:18 However, ROC analysis
of our data revealed that higher cut-offs had a
lower clinical sensitivity without increasing clini-
cal specificity. This could be due to the low num-
ber of MSA/MAA positive IIM patients identified
in our cohort. Infantino ez al. proposed to improve
clinical specificity of MSA detection by addition-
ally considering the corresponding HEp-2 IIF pat-
tern.® Applying this approach to our cohort did
not result in increased clinical specificity. The dif-
ferent assays used to detect MSA may explain the
discrepant results. Furthermore, both studies
were not sufficiently powered to answer this ques-
tion. Therefore, larger multi-center analyses are
needed to improve clinical specificity of MSA/
MAA testing by LIA.

MSA like TIF-1y indicate risk of IIM-associated
malignancy.? TIF-1y is highly expressed in cancer
and regenerating muscle.!%20 TIF-1y may arise as a
result of an anti-tumor response and then react
with similar antigen in regenerating muscle tissue.!®
This would imply that some cancer patients could
develop MSA like TIF-1y before, or even without,
symptoms of IIM. This might be of clinical rele-
vance as anti-cancer therapy with immune check-
point inhibitors in patients with pre-existing MSA/
MAA may be a risk factor to develop rare immune
checkpoint inhibitor-related myositis.2! We found a
high frequency of past or current cancer when
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Table 4. Frequency of diagnosis of autoimmune diseases in MSA/MAA positive patients (in percent of total antibody positive

patients).
MSA/MAA SSc CLE Psor SLE PMR PsA pSS TH other
n*(%)
Jo-1 1(5.0) 0 1(5.0) 0 1(5.0) 0 1(5.0) 1(5.0) 1(5.0)
TIF 1y 0 3(15.8) 0 1(5.3) 0 0 0 3(15.8) 3(15.8)
MDA5 0 0 0 0 0 1(7.7) 0 0 0
NXP2 0 1(8.3) 0 0 0 0 0 0 0
SAE 0 0 0 0 0 0 0 0 0
PM-SCL 100 3(11.5) 1(3.8) 1(3.8) 3(11.5)  3(11.5) 0 0 0 3(11.5)
PM-SCL 75 3 (4.5) 0 0 6(9.1) 3 (4.5) 1(4.5) 1(4.5) 3 (4.5) 13.6
PL-7 1(4.2) 0 1(4.2) 1(4.2) 1(4.2) 1(4.2) 1(4.2) 0 16.7
EJ 0 0 0 0 0 0 0 0 0
0J 0 0 0 33.3 0 0 0 0 0
PL-12 4(14.8) 0 0 1(3.7) 0 0 1(3.7) 0 1(3.7)
SRP 1(2.9) 0 0 1(2.9) 0 0 1(2.9) 0 0
Mi-2a 0 0 1(9.1) 0 0 0 1(9.1) 0 1(9.1)
Mi-2p 0 0 2(9.5) 0 1(4.8) 0 0 2 (9.6) 3 (14.3)
Ku 3(12.0) 0 0 6 (24.0) 0 0 0 0 0

*A single patient may be diagnosed with more than one AID.

AID, autoimmune disease; CLE, cutaneous lupus erythematosus; IIM, idiopathic inflammatory myopathy; MAA, myositis-associated antibody; MSA,
myositis-specific antibody; PMR, polymyalgia rheumatica; PsA, psoriatic arthritis; pSS, primary Sjogren syndrome; Psor, psoriasis vulgaris; SLE,
systemic lupus erythematosus; SSc, systemic sclerosis; TH, thyreoiditis Hashimoto.
Other: celiac disease, primary biliary cholangitis, antiphopspholipid syndrome, myasthenia gravis, giant cell arteritis, sarcoidosis, undiff arthritis,
Lambert-Eaton syndrome, axial spondylitis, ulcerative colitis, adult Stills disease, microscopic polyangiitis, multiple sclerosis, reactive arthritis

juvenile idiopathic arthritis, leukocytoclastic vasculitis.

reviewing the medical history of patients positive
for MSA/MAA. However, MSA/MAA were not
increased significantly in an independent cohort of
cancer patients compared with age-matched con-
trols. However, the statistical power of our approach
was not sufficient to detect a small increase in the
frequency of MSA/MAA in cancer patients.
Furthermore, analysis of anti-TIF-1y by LIA
showed only moderate agreement with IP hinder-
ing conclusions from these results.’ In line with our
findings, anti-TIF-1y was rarely present in solid
cancer or paraneoplastic rheumatic syndromes.??

Our study has limitations due to its design analyz-
ing clinical diagnosis by chart review retrospec-
tively. Therefore, we did not have sufficiently
detailed clinical data to apply the 2019 ACR/

EULAR criteria to our cohort. Analyzing a sub-
group with sufficient data and positive MSA/
MAA revealed that IIM was not underdiagnosed
in these patients.

Another limitation is the lack of validation of
MSA/MAA-positive samples by other methods
such as immunoprecipitation. Other studies com-
paring LIA with immunoprecipitation resulted in
a variable degree of agreement.>23 We therefore
cannot determine if positive test results of non-
IIM patients were related to the low clinical speci-
ficity of the LIA method, or the natural occurrence
of MSA/MAA in non-IIM patients.

In summary, assessment of MSA/MAA by LIA is
used widely in the diagnostic work-up of patients

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

Therapeutic Advances in Musculoskeletal Disease 12

with suspicion of IIM. This practice results in low
PPVs for most MSA/MAA limiting the diagnostic
value of the test.
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