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TherapeuTic advances in 
Musculoskeletal disease

Introduction
Idiopathic inflammatory myopathy (IIM) is a 
group of rare autoimmune-mediated diseases that 
are characterized by inflammatory damage to the 
skeletal muscle. Although IIM patients tradition-
ally present with muscle weakness, IIM diseases 
can affect other organ systems, such as the skin, 
in the case of dermatomyositis (DM). The lung is 
the most commonly involved major organ. Severe 
cases of IIM can be resistant to standard treat-
ments and can have lethal outcomes.

Treatment options for IIM include eliminating 
potentially reversible causes, immunosuppressive 

and immunomodulating medication, and extra-
corporeal therapies. While addressing potentially 
reversible causes highlights that some IIMs are 
triggered by malignancies or drugs such as statins, 
immunosuppressive and immunomodulating 
drugs are still the standard of IIM treatment. 
There is evidence suggesting that at least some of 
the autoantibodies associated with IIM are patho-
genic agents rather than solely diagnostic bystand-
ers.1 Strategies to suppress these antibodies are 
attractive therapeutic approaches. For example, 
B-cell depletion with rituximab has emerged as a 
valuable option for treatment-resistant IIM cases 
but has shown varying success.
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However, cell-depleting and antiproliferative 
therapies need up to several weeks or even months 
to take full effect and do not influence currently 
circulating pathogenic antibodies. This is a par-
ticularly important issue in severe, rapidly pro-
gressive courses with tetraparesis, severe 
respiratory muscle weakness, or severe dysphagia 
where immediate action is required.

As such an immediate means to remove circulat-
ing antibodies, extracorporeal therapy is a valua-
ble treatment option for several immune-mediated 
conditions and can be divided into two common 
procedures: plasma exchange (PLEX) and immu-
noadsorption (IA). While recent studies have fea-
tured the use of PLEX in immunological 
diseases,2,3 this article focuses on the understud-
ied use of IA in IIM.

IA can selectively filter antibodies out of the 
blood. Plasma is removed from the patient’s 
blood via a plasma filter and subsequently passed 
through columns coated with protein-binding 
molecules. For example, columns can be coated 
with staphylococcal protein A, which binds to the 
Fc-part of most antibodies. Such columns unse-
lectively remove antibodies from the plasma while 
other components like albumin and coagulation 
factors can be reinfused. This negates the need 
for replacement fluids. Modifying the coatings of 
the IA columns allows for more selective removal 
of antibodies that fuel the underlying disease. 
Figure 1 schematically summarizes the concepts 
of PLEX and IA.

IA has been successfully used in several antibody-
mediated conditions spanning neuroimmuno-
logical disorders (Guillain–Barré syndrome, 
myasthenia gravis, multiple sclerosis, chronic 
inflammatory demyelinating polyneuropathy, neu-
romyelitis optica spectrum disorders),4–6 prepara-
tion of ABO-incompatible kidney recipients,7 
humoral rejection of allogeneic organ transplants,8 
and conditions in internal medicine like anti-glo-
merular basement membrane (anti-GBM) disease9 
or catastrophic antiphospholipid syndrome.10

Despite bearing the potential of direct action, 
there is very little literature and no controlled trials 
on the effectiveness and safety of IA in IIM. In 
order to address this sparse evidence, we present a 
review of the literature on the use of IA in IIM and 
a case series of three female patients with treat-
ment-resistant IIM [one with immune-mediated 

necrotizing myositis (IMNM) and two with DM] 
who were successfully treated with IA. Since most 
publications are limited to an individual patient 
case, we believe that our study of three patients is 
a valuable addition to this underestimated treat-
ment approach and emphasizes the necessity for 
further investigation through controlled trials.

Methods

Case presentations
We used Case Report guidelines (CARE)11 as a 
reference for the creation of our case reports. No 
genetic testing was performed on the patients, 
which is why we do not mention this aspect 
throughout the case reports.

Immunoadsorption
IA was performed in the dialysis unit of the 
University Hospital of Cologne. Circulatory 
access was achieved via central venous catheters. 
TheraSorb® – Ig omni 5 (Miltenyi Biotec, 
Bergisch Gladbach, Germany) columns were 
used with the LIFE 21® apheresis unit (Miltenyi 
Biotec). Patients were treated daily (except for 
Sundays) for a total amount of sessions men-
tioned in the respective section of the case pres-
entations. Patient 3 was treated as an outpatient 
and received the first 10 IA treatments on all 
weekdays of two consecutive weeks and an addi-
tional five treatments performed every other day.

Calculation of the myositis intention-to-treat 
activity index score
The myositis intention-to-treat activity index 
(MITAX) is a validated tool for the assessment of 
disease activity in myositis12,13 that is based on the 
British Isles Lupus Assessment Group scoring 
system for disease activity in patients with lupus.14 
The index takes the disease activity in seven organ 
systems into consideration (constitutional, cuta-
neous, skeletal, gastrointestinal, pulmonary, car-
diovascular, and muscular disease activity) by 
assigning each organ system a score of 0, 1, 3, or 
9, with higher values corresponding to more dis-
ease activity. The final MITAX score is calcu-
lated by dividing the sum of these values by the 
maximum possible score of the organ systems 
considered (63 in our case). We retrospectively 
calculated the MITAX score based on detailed 
clinical notes and discharge letters.
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Literature review
We queried two independent databases (PubMed 
and Cochrane) for publications investigating IA 
in idiopathic inflammatory myositis on 7 August 
2023. We used the following search strategies: 
Medline via PubMed: (‘myositis’ [MeSH Terms] 
OR ‘myositis’ [Title/Abstract] OR ‘myopathy’ 
[Title/Abstract]) AND (‘immunoadsorption’ 
[Title/Abstract] OR ‘antibody removal therapy’ 
[Title/Abstract] OR ‘extracorporeal immunoad-
sorption’ [Title/Abstract] OR ‘immunoadsorbent 

therapy’ [Title/Abstract]). CENTRAL via 
Cochrane Library: MeSH descriptor: [Dermato-
myositis] explode all trees OR MeSH descriptor: 
[Myositis] explode all trees OR (‘myositis’): ti, 
ab, kw OR (dermatomyositis): ti, ab, kw AND 
MeSH descriptor: [Plasmapheresis] explode all 
trees OR (immunoadsorption): ti, ab, kw. This 
resulted in 12 articles that were manually screened 
by the authors for content relevant for this article. 
Four articles were used for the literature pre-
sented in the manuscript.

Figure 1. Schematic overview of PLEX and IA. (a) In PLEX, plasma is separated from the cellular phase via 
centrifugation or filtering and mostly discarded afterward. Blood cells are reinfused into the patient after the 
blood volume has been re-expanded with a replacement fluid, for example, human albumin or allogeneic 
plasma. (b) In IA, the plasma is not discarded but directed through columns that are coated with molecules 
that remove certain proteins (e.g. antibodies) from the bloodstream. Along with the blood cells, the remaining 
plasma is reinfused into the patient. Thus, no exogenous replacement fluids are needed. The depiction of 
venous access is exemplary. Both procedures can be performed with central or peripheral large-diameter 
intravenous catheters.
Source: Created with BioRender.
IA, immunoadsorption; PLEX, plasma exchange.
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Results

Case presentations
Case 1. The first patient was a 74-year-old 
woman with metabolic syndrome, atrial fibrilla-
tion, an aortic aneurysm, and no relevant family 
history. She was admitted to our department in 
07/2018 for optimization of her immunosuppres-
sive treatment of biopsy-proven myositis with skin 
involvement that had been diagnosed a year prior. 
Her antinuclear antibodies (ANA) titer was highly 
elevated (1:32,000; performed in the referring 
center, pattern not reported), and further sub-
classification revealed positivity for anti-Mi2-
autoantibodies. Histopathological evaluation of 
her muscle biopsy (performed in the referring 
center) presented necrotizing muscular atrophy 
and upregulation of major histocompatibility 
complex (MHC) class I molecules on muscle 
fibers. These findings are typically seen in 
anti-Mi2-positive DM.15

On admission, she presented with a proximal 
tetraparesis with an emphasis on the lower 
extremity, erythema of the face and the upper 
trunk, and Gottron papules. The combination of 
the typical clinical presentation, findings in labo-
ratory testing, the results from histopathological 
examination of her muscle biopsy, and the posi-
tivity for anti-Mi2-antibodies were consistent 
with the diagnosis of DM.

In the referring center, the patient underwent 
treatment with high-dose prednisolone (1 mg/kg 
per os) and azathioprine (dosage unknown), 
which was discontinued due to hepatotoxicity. In 
our facility, the patient’s creatine kinase (CK) 
was initially slightly elevated (299 U/L; ref 
<170 U/L) but ultimately rose to a maximum of 
5045 U/L. We started the patient on methotrexate 
(10 mg s.c. weekly), which was discontinued after 
three applications due to rising liver enzymes. 
Simultaneously, she underwent treatment with 
3 days of 30 g of intravenous immunoglobulins 
(IVIG, cumulative dosage 1.2 g/kg bodyweight). 
This yielded temporary relief of fatigue. We 
repeated the 3-day-IVIG treatment twice with 
increasing dosages (60 and 100 g; cumulative dos-
ages of 1.6 and 2.7 g/kg body weight, respectively).

As the patient’s tetraparesis continued to progress 
(mobilization into the standing position was only 
possible with the help of two), we decided to treat 
the patient with IA as a rescue option (six ses-
sions) to ameliorate the acute situation. We did 

not see any complications related to IA treatment. 
Days after initiation, we saw an increase in mus-
cle strength and a decrease in the MITAX disease 
activity score (see Table 1). CK normalized to a 
minimum of 231 U/L. After the termination of 
IA, the patient was administered two infusions of 
rituximab (1000 mg each) to prevent an over-
shooting rebound in antibody synthesis and to 
keep the patient in long-term remission.

In order to test for a possible trigger for the dis-
ease, a comprehensive screening for malignancies 
was completed and found negative. However, a 
thoracic computed tomography (CT) scan showed 
rapid progress of an aortic aneurysm (8 cm), which 
was not surgically treated due to the reduced gen-
eral constitution of the patient. Furthermore, a 
potential operation was refused by the patient and 
her family. In the follow-up visits over the next 
year, the patient did not show signs of myositis 
activity. Eventually, she was admitted to another 
hospital and subjected to best supportive care as 
she reported progressive dyspnea due to the grow-
ing aneurysm as well as signs of myopathy with 
rising levels of CK (01/2020). Patient 1 died of 
pneumonia in 2020. Figure 2(a) shows the time-
line of the patient’s treatment.

Case 2. The second patient was a 55-year-old 
female who was initially treated with breast-con-
serving therapy (surgery and adjuvant radiother-
apy) for a small ductal carcinoma in situ of her 
right breast (09/2019). No other relevant medical 
history was reported. The patient’s sister was 
diagnosed with multiple sclerosis, and her father 
with rheumatoid arthritis.

Immediately after surgery, the patient developed 
erythema of the face and trunk, as well as Gottron 
papules. Seven months later, severe myalgia, mus-
cle weakness, and fatigue followed. Her primary 
care physician suspected DM, started her on high-
dose prednisolone (1 mg/kg p.o.), and referred her 
to our outpatient rheumatology clinic (04/2020). 
Here, she presented with the full clinical picture of 
DM, including ongoing proximal muscle weak-
ness of all extremities, numbing fatigue, recurrent 
angina pectoris in the morning, erythema of the 
face and trunk, Gottron papules, slight scaling of 
the digital skin, and a positive Holster sign (Figure 
3). Laboratory testing was remarkable for slightly 
elevated levels of LDH (298 U/L, ref < 250 U/L), 
ANA titers of 1:1000 (AC-4 pattern) and positiv-
ity for anti-TIF-1γ- and anti-Ro-52-autoantibod-
ies. Further workup also showed a restrictive 
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Table 1. Patient characteristics.

Characteristic Patient 1 Patient 2 Patient 3

Sex Female Female Female

Age (at the time of IA) 74 55 55

Diagnosis DM (06/2017) DM (04/2020) IMNM (2010)

Clinical 
presentation

Skin
• Gottron papules
• Erythema of face and décolleté

Skin
• Angioedema of the face
• Heliotrope erythema
• Gottron papules
• Holster sign
• Hypomimia

Muscle
• Proximal muscle weakness

Muscle
• Tetraparesis

Muscle
• Tetraparesis

Extra-muscular
• None

Lung
• None

Lung
• None

Other
• None

Other
• Dysphagia
• Angina pectoris

ANA (ICAP pattern) 1:32,000 (not reported) 1:1000 (AC-4) 1:1000 (AC-20)

Myositis-specific antibodies αMi-2 αTIF-1γ, Ro-52 αHMG-CoA-reductase

Histopathological findings in biopsies Muscle
Necrotizing muscular atrophy, 
sarcolemmal upregulation of MHC-I15

Not performed Muscle
Necrotizing myopathy, 
upregulation of MHC-I on 
muscle fibers, phagocytosis by 
CD4+ cells and macrophages, 
very few CD4+ and CD8+ cells 
in between intact muscle fibers

MITAX (organ 
system scores)

Before IA 07/2018: 0.24
(constitutional: 3, cutaneous: 3, 
muscles: 9)

06/2020: 0.33
(constitutional: 3, cutaneous: 3, 
GI: 9, pulmonary: 3, muscles: 
3)

02/2021: 0.19
(constitutional: 3, muscles: 9)

After termination 
of IA

03/2019: 0.02
(constitutional: 1)

09/2020: 0.03
(constitutional: 1, muscles: 1)

10/2021: 0.06
(constitutional: 1, muscles: 3)

During follow-up 12/2019: 0.06
(constitutional: 1, cutaneous: 3)

01/2021: 0.00 03/2023: 0.06
(constitutional: 1, muscles: 3)

Pharmacological therapy Prednisolone, AZA, IVIG, MTX, RTX Prednisolone, AZA, RTX, IVIG, 
MMF, BNB, TOF

Prednisolone, AZA, MTX, RTX, 
MMF, IVIG, TAC, TOF

IA sessions 6 sessions (08/2018) 10 sessions (06–07/2020) 15 sessions (02–03/2021)

IA-related complications None None None

Intravenous device Shaldon catheter Shaldon catheter Demers catheter

Further course • Recovery of everyday competence
•  01/2020: aggravation of myopathy, 

increase in CK
•  Progressive dyspnea due to aortic 

aneurysm and inoperability; best 
supportive care

• Death of pneumonia (2020)

• Stable remission of DM
•  Invasive carcinoma of 

the breast 01/2021; 
neoadjuvant chemotherapy 
with epirubicin, paclitaxel, 
cyclophosphamide, 
carboplatin + surgery

Stable partial remission under 
ongoing treatment with IVIG and 
MMF

ANA, antinuclear antibodies; AZA, azathioprine; BNB, baricitinib; CK, creatine kinase; CRP, C-reactive protein; DM, dermatomyositis; GI, gastrointestinal; αHMG-CoA-
reductase, anti-3-hydroxy-3-methylglutaryl coenzyme A reductase antibody; IA, immunoadsorption; ICAP, international consensus on ANA patterns; IMNM, immune-
mediated necrotizing myopathy; IVIG, intravenous immunoglobulin; LDH, lactate dehydrogenase; MMF, mycophenolate mofetil; MTX, methotrexate; RTX, rituximab; TAC, 
tacrolimus; αTIF-1γ, anti-transcriptional intermediary factor 1 gamma antibody; TOF, tofacitinib.
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ventilation disorder of the lung (total lung capac-
ity 3.68 L, 65% of ref). A high-resolution CT scan 
of the lung ruled out interstitial lung disease but 
showed minor fibrotic lesions probably caused by 
the previous radiotherapy. Given the severe mus-
cle weakness, insufficiency of muscles supporting 
respiration is the most plausible cause for the ven-
tilation disorder. Taken together, we confirmed 
the diagnosis of DM.

We initially started the patient on prednisolone 
(1 mg/kg p.o.) and azathioprine (50 mg twice 
daily). We tapered the steroid dosage quickly as 
we suspected steroid-induced myopathy as an 

additional factor of her weakness. We also started 
treatment with tofacitinib (05/2020, 5 mg twice 
daily) since azathioprine had no effect. However, 
her muscle weakness progressed, now also involv-
ing the pharyngo-esophageal system with worsen-
ing dysphagia. This prompted us to discontinue 
tofacitinib and start IVIG treatment (120 g cumu-
lative; 2.0 g per kg bodyweight). This did not 
show any effect on her clinical status. Instead, she 
developed severe facial swelling while dyspnea 
and dysphagia further worsened as documented 
by daily logopedic evaluation (progressive weak-
ness of the tongue, velum, and pharyngeal mus-
cles, severely impaired laryngeal elevation). 
Electromyography showed myopathic changes in 
proximal muscles of the arms and legs.

To stabilize her acutely deteriorating condition 
(progressive muscle weakness involving vital sys-
tems, high MITAX activity score of 0.33), we 
decided to treat her with IA, which was performed 
over a total of 10 sessions in 06–07/2020. IA was 
well tolerated without complications associated 
with the treatment. As soon as 1 day after the first 
IA session, she responded with improvement of 
the skin manifestations and muscle affection. 
This was reflected in a marked amelioration of 
dyspnea and improvement of strength, both sub-
jectively reported by the patient and objectified 
with improvements in logopedic evaluation and a 
drop in the MITAX score.

Five days after IA initiation, we added rituximab 
(1000 mg i.v., second dose 14 days later) and 
mycophenolate (500 mg twice daily) 2 days later 
to support induction and maintenance of remis-
sion. We paused IA treatment for 3 days to avoid 
removing rituximab from the circulation and con-
tinued with another five sessions afterward. 
Mycophenolate had to be substituted for barici-
tinib (10/2020, 4 mg daily) due to another flare of 
skin involvement. Her muscle affection, however, 
has been very well-controlled during the follow-
up. This was reflected in normal muscle strength 
with no signs of IIM activity in laboratory param-
eters. Prednisolone was discontinued completely 
in 06/2021. Yet, her anti-TIF-1γ-autoantibody 
remained positive. Unfortunately, the measure-
ment of the antibody was non-quantitative, so it 
was not possible to determine whether the titer 
was affected by the treatment.

Underlining the association of her DM subtype 
with malignancies, she was regularly reevaluated 
(skeletal scintigraphy 04/2020, gastroscopy and 

Figure 2. Schematic overview of the treatment course of patient 1 (a), 
patient 2 (b), and patient 3 (c). Gray boxes mark inpatient treatment periods. 
The dotted line indicates first presentation to our clinic. Dotted boxes mark 
uncertain information as it was not fully reported in previous medical 
reports.
AZA, azathioprine; BNB baricitinib; CTX, chemotherapy; IA, immunoadsorption; IVIG, 
intravenous immunoglobulins; MMF, mycophenolate mofetil; MTX, methotrexate; 
RTX, rituximab; TAC, tacrolimus; TOF, tofacitinib.

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


JF Nies, C Hendrix et al.

journals.sagepub.com/home/tab 7

colonoscopy 04/2020, thoracic CT and whole-
body positron emission tomography (PET-CT) 
scan 05/2020, magnetic resonance imaging 
(MRI) of the head 05/2020, mammography 
11/2020) and finally diagnosed with an invasive 
triple-negative ductal carcinoma of her right 
breast in 01/2021, which was successfully treated 
with neoadjuvant chemotherapy and surgery. 
With treatment of her cancer, she went into com-
plete remission of her DM (normal strength, no 
skin manifestations), and there is still no sign of 
recurrence during her regular follow-up visits 
until 03/2023. The treatment timeline of patient 
2 is shown in Figure 2(b).

Case 3. The third case was a 55-year-old woman 
who was diagnosed with IMNM at the age of 45 

after experiencing proximal muscle weakness in 
the arms and legs. The remaining medical and 
family history was unremarkable.

At the time of diagnosis (being treated in another 
clinic), she presented with highly elevated levels 
of CK (>20,000 U/L). Histopathological exami-
nation of a biopsy taken from the quadriceps fem-
oris muscle showed necrotizing myopathy, strong 
upregulation of MHC class I on muscle fibers, 
phagocytosis by CD4+ cells and macrophages, 
and low numbers of CD4+ and CD8+ cells in 
between healthy muscle fibers. Initially, screen-
ing for myositis-specific autoantibodies was 
unremarkable, but she later tested positive for 
anti-3-hydroxy-3-methylglutaryl coenzyme A 
reductase antibody reductase antibodies. 

Figure 3. Skin manifestations of patient 2 with (a) heliotrope erythema, (b) Gottron papules, and (c) bilateral 
Holster sign.
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Immu nosuppressive treatment with prednisolone 
was reported to have brought only slight sympto-
matic relief, while azathioprine (12/2011, dosage 
unknown) was discontinued quickly due to intol-
erable gastrointestinal side effects. With only par-
tial success, recurrence of the disease was met 
with intensified supportive therapy and combina-
tions of high-dose steroids, methotrexate (01–
09/2013, 7.5–15 mg p.o. weekly), mycophenolate 
(09/2013–01/2015, 720 mg twice daily), and a 
total of four treatments with rituximab (twice in 
08/2014, 10/2015, 11/2015; 1000 mg each).

On admission to our clinic in 06/2016, the patient 
reported a progressive loss of muscle strength. We 
initiated IVIG treatment (30 g daily for 5 days), 
followed by regular outpatient IVIG infusions 
(40 g every month and later every other month). 
This led to partial remission for the following 
3 years. She then suffered from progressive mus-
cle wasting despite ongoing and more frequent 
IVIG treatment (40 g monthly), which was briefly 
ameliorated by treatment with tacrolimus 
(07/2019, 1 mg twice daily).

As neither an increase in tacrolimus dosage (3 mg 
twice daily) nor a temporary switch to tofacitinib 
(08/2020, 5 mg twice daily) improved the symp-
toms, we subjected her to IA. Fifteen sessions 
were performed in an outpatient setting in 02–
03/2021 and yielded great improvements in sub-
jective symptom load and muscle strength. CK 
fell from levels persistently elevated >4000 U/L 
before IA to a minimum of 244 U/L but later 
climbed to a plateau of 600–800 U/L. No 
IA-related complications were observed through-
out the treatment period.

Under ongoing outpatient IVIG treatment and 
medication with mycophenolate, the disease has 
been well-controlled in a state of partial remission. 
Figure 2(c) shows the treatment course of patient 3.

Table 1 summarizes the clinical data of our three 
patients.

Literature review
A systematic search querying two established 
medical databases (PubMed and Cochrane) for 
articles investigating IA in IIM resulted in only 12 
articles, which were manually screened for rele-
vance. Four of these were deemed relevant as 
they specifically mention IA in the context of 
IIM. However, one of the articles was published 

in Japanese with only the abstract available in 
English. This sparsity can partially be explained 
by the fact that IA is only in use in certain coun-
tries, excluding the United States.

A 1991 case report from Japan reports successful 
IA treatment of a polymyositis patient with pro-
gressing proximal muscle weakness that was 
refractory to high-dose steroids and azathio-
prine.16 As only the abstract was available in 
English, it is unclear what the authors considered 
to be ‘successful’.

In another case report, severe skin manifestation 
(necrotizing lesions of the hands, Gottron pap-
ules) was ameliorated with a combination of IA 
and thalidomide in one DM patient. In this 
patient, prior treatment with prednisolone, meth-
otrexate, IVIG, rituximab, and MMF was either 
not tolerated or ineffective.17

Further, another patient with refractory muscle 
weakness and dyspnea due to cryptogenic organiz-
ing pneumonia in the context of anti-signal recog-
nition particle (SRP)-positive myositis benefited 
from a combination of IA and PLEX. However, 
IA alone was unable to achieve satisfactory treat-
ment success in this context (the authors do not 
specify which parameters were used to deem the 
response unsatisfactory). Months later, the 
authors found a decrease in muscle edema in 
MRI. Also, CK decreased gradually as the combi-
nation of IA and PLEX was continued for 2 more 
years. No IA-related side effect was seen.18

In the fourth study, a patient with interstitial pneu-
monia in the context of anti-synthetase syndrome 
(ASS) was initially treated with PLEX. However, 
he developed transfusion-related acute lung injury 
in response to the plasma transfusions mandatory 
in PLEX. He was then switched to nine sessions of 
daily IA. In combination with cyclosporine A treat-
ment, the patient recovered and was taken off 
mechanical ventilation 6 days later.19

In addition to our systematic search, we found an 
abstract published by a group from Vienna on 24 
patients collected over more than two decades. 
This study suggests that PLEX and IA are both 
effective strategies as they significantly reduce CK 
and enable quicker steroid tapering.20 However, 
using the decrease of serological parameters like 
CK as an outcome in patients treated with PLEX 
is not ideal as this decrease is to be expected since 
it is the nature of the procedure to remove these 
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parts from the patient’s blood. Indeed, a con-
trolled trial from 1992 showed that these end-
points might not be clinically relevant as it found 
no difference in patients with PM and DM under-
going PLEX or sham apheresis.21 The limited 
data available in the abstract does not specifically 
mention the safety aspects of the treatment 
modalities.

Discussion
Here, we used IA as a rescue option in three criti-
cally ill patients with progressive treatment-resist-
ant IIM without any intervention-associated 
complications and complemented our data with a 
review of the literature on the use of IA in IIM. In 
line with the limited data available, we found that 
IA improved clinical symptoms and scoring in a 
disease activity index, as well as decreased CK. 
However, it needs to be mentioned that CK levels 
are not a reliable parameter to measure clinical 
improvement, but might be helpful in individual 
cases.22 Most studies across the subgroups of IIM 
found that CK levels do not correlate with mus-
cular function.23–26

Extracorporeal therapies have several advantages 
and disadvantages compared with drug therapy 
alone. The major advantage of extracorporeal 
therapies, such as IA, is the immediate effect due 
to the direct, physical removal of circulating path-
ogenic antibodies. Except glucocorticoids, all 
other therapies, such as proliferation inhibitors or 
cell-depleting antibodies, can take weeks or 
months to take full effect. In refractory cases, glu-
cocorticoids are required in high doses, which 
causes significant side effects such as susceptibil-
ity to infections, acute psychosis, depression, 
hyperglycemia, arterial hypertension, or steroid-
induced muscle weakness. In addition, these 
treatment options are not sufficiently effective in 
some acute, progressive cases.

Concerning the question of which procedure to 
use as rescue therapy, we favored IA over PLEX 
for two reasons. First, IA is more effective in 
removing antibodies than PLEX. The efficacy of 
PLEX is dependent on the blood concentration 
of the antibody to be removed, which makes it a 
saturating procedure (first-order kinetics). Thus, 
efficacy decreases over time. The removal of anti-
bodies in IA, on the other hand, is based on col-
umn-antibody affinity. This means that antibodies 
are effectively filtered out of the blood even if it is 
present in very small concentrations (zero-order 

kinetics). Usually, two columns are used in an IA 
session: While the patient’s plasma is guided 
through one of them, the other can be regener-
ated by washing the bound antibodies away. This 
setup allows for the ongoing removal of antibod-
ies with – at least theoretically – no upper limit. A 
retrospective study compared the efficacy of 
PLEX and IA in the removal of donor-specific 
antibodies (DSA) before kidney transplantation 
or for treatment of antibody-mediated rejection 
of a kidney transplant. The analysis of 440 serum 
samples revealed that a single session of IA 
reduced the mean fluorescent intensity of DSA by 
69%, while three sessions of PLEX only led to a 
reduction of 58%.27 To achieve a reduction of 
90% of IgG antibodies with PLEX, the 1.5-fold 
plasma volume must be treated at least five times 
within a period of 7–10 days, while a reduction of 
>90% is very hard to achieve with this procedure. 
IA can reduce the levels of circulating IgG by 
95% in only two sessions.28 Therefore, IA allows 
ongoing and more effective removal of antibod-
ies. In contrast to PLEX, the efficacy of IA does 
not depend on periods of waiting for the patho-
logical antibodies to build up again, with the risk 
of potentially fatal relapses in this patient cohort 
that is critically ill to begin with. Thus, IA is the 
better option if the goal is to keep antibody titers 
consistently at a low level.

Second, IA is considered to be a safe procedure. 
Of course, every kind of extracorporeal circula-
tion harbors the risk of complications, which 
include the need for anticoagulation, hemody-
namic alterations, and infectious complications. 
However, both IA and PLEX rarely cause serious 
adverse events and several studies report superior 
safety of IA compared to PLEX. IA circumvents 
the need for supplementation with recombinant 
albumin or transfusion products. This negates the 
risk of complications by transfusions and reduces 
the risk of allergic reactions in comparison to 
PLEX. As mentioned in our literature review sec-
tion, one patient with ASS developed transfusion-
related lung injury in the course of PLEX 
treatment, a very concerning complication in a 
patient that already suffered from severe lung 
involvement of the autoimmune condition. The 
switch to IA avoided this danger, as no replace-
ment fluids were needed. Allergic reactions to 
components of the IA circulatory system, like fil-
ters and columns, can occur and pose the most 
frequent complication of the treatment. Yet, they 
are less frequent compared to reactions to the 
replacement fluids in PLEX. We did not find any 
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IA-related complications in our three patients or 
the literature review.

There are no trials specifically investigating the 
safety of IA in IIM. However, IA is a very safe 
intervention in other disease settings. A prospec-
tive study investigated the safety of IA in a range 
of diseases (mostly neuroinflammatory disor-
ders).29 In this mixed cohort of 81 patients, the 
authors found electrolyte imbalances (hypoka-
lemia and hypocalcemia) to be the most fre-
quently observed adverse effects. No serious 
adverse events or deaths were reported. A 2020 
meta-analysis analyzed the safety of IA using data 
from more than 1300 patients with demyelinating 
diseases. Bleeding, allergic reactions, and respira-
tory infections were reported. Yet, the majority of 
these events were mild.30 One recent randomized 
controlled trial comparing the safety of IA versus 
PLEX in 61 patients with multiple sclerosis found 
both procedures to be safe, with one deep vein 
thrombosis without long-term consequences hav-
ing occurred in both groups.4

Taken together, IA is a safe option for extracorpor-
eal removal of antibodies in several autoimmune 
conditions. The limited data available indicates 
that the same is true for the use of IA in IIM.

Despite the superior efficacy, the good safety pro-
file, and the independence from access to replace-
ment fluids like albumin or transfusion products, 
IA is rarely used. High cost, difficulties in reim-
bursement, and, hence, its rare application limit 
the required technical knowledge to specialized 
centers.

Another important point to consider is that the 
effect of IA is not persistent and that a combina-
tion with drug therapy is essential. The mere 
removal of circulating antibodies can rapidly 
reduce the load of pathogenic antibodies. 
However, the antibody-producing cells remain 
active and unaffected. Indeed, an overshooting 
rebound of (auto-)antibody production is a well-
known phenomenon after PLEX, which can 
worsen the disease that was supposed to be 
treated.31,32 Therefore, extracorporeal treatments 
are inherently time-limited and are not supposed 
to be used alone in refractory autoimmune condi-
tions but should always be combined with other 
immunosuppressive treatments to prevent over-
shooting rebound effects and to preserve the state 
of remission. Thus, extracorporeal therapies 
should be seen as a valuable adjunct in induction 

therapy, which can serve as a bridge in rapidly 
progressing, refractory cases to reduce disease 
activity until drug therapies take effect.

From an evidence-based point of view, the major 
drawback of trying to distill evidence for a single 
treatment from limited case reports of critically ill 
patients is that individual effects cannot be well 
separated in these ethically imperative multi-
modal treatment concepts. Thus, all our patients 
were under ongoing strong immunosuppressive 
treatment once IA was started. Nevertheless, the 
addition of IA did have a substantial effect on the 
clinical situation of the three patients reported 
here. This was mirrored in breaking plateaus in 
objective testing (MITAX, physiotherapy, logo-
pedic evaluation) and laboratory values. Still, fur-
ther studies are needed to evaluate the role of IA 
as a rescue therapy in treatment-resistant IIM.

Conclusion
In summary, we report that IA represents a safe 
and effective rescue option for treatment-resistant 
IIM. Since the published evidence on this topic is 
very sparse, we sought to draw more attention to 
this option by reviewing the literature and pre-
senting three cases of patients with severe, dete-
riorating IIM who were successfully treated with 
IA without any IA-associated complications. The 
major drawbacks of IA treatment are reimburse-
ment issues due to its high cost and limited avail-
ability, both on a global (IA is only approved in 
certain countries) and on a local (know-how is 
limited to specialized centers) scale. Controlled 
studies are urgently needed to further evaluate 
this type of therapy for severely ill patients with 
treatment-resistant IIM.
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