
Myositis Therapies



Objectives

• Review current treatment guidelines for myositis

• Review the important role of exercise in 

myositis treatment 

• Assess the current myositis clinical trial pipeline



Inflammatory Myopathy Subtypes and 
Classification Criteria



In the context of myositis clinical trials, do we “lump” or “split”? 

Ann Indian Acad Neurol. 2020 Jul-Aug; 23(4): 458–467.

What’s in a Name? 
Myositis Nomenclature in Evolution 



Lump or Split?

Is PM= IMNM?
Is antisynthetase 

syndrome without a 
rash = PM?

Is antisynthetase 
syndrome with a rash = 

DM?

Should we include only 
patients with known 

myositis specific 
autoantibodies(MSAs)?

Should we stratify by 
autoantibody subset?

Can we lump 
“PM”/IMNM and DM 

together?



Treatment based 
almost exclusively 
on expert opinion 

Derived from 
few randomized 
clinical trials, 
small case 
series and open 
label trials

The total improvement score (TIS) 
is a relatively new consensus 
measure for outcome and clinical 
trials in myositis

Myositis Treatment



The TIS is a sum 
response criterion which 
incorporates 6 weighted 
IMACS core set 
measures (CSMs).

MD global; Patient 
global; Muscle 
enzyme; HAQ; 
MMT; 
Extramuscular 
activity

A total improvement score (range 0 to 100), 
determined by summing scores for each 
CSM, was based on improvement in and 
relative weight of each CSM. 

Thresholds for minimal, moderate, and major 
improvement are ≥ 20, ≥ 40, and ≥ 60 points 
on the TIS.

Total Improvement Score (TIS)

Rider LG. Ann Rheum Dis. 2017 May;76(5):782-791.



• Therapeutic approaches are based on 

combination of pharmacologic and 

exercise modalities (Pulmonary Rehab 

and PT/OT) taking into account disease 

heterogeneity, including the most notable 

clinical features of the systemic illness:

– Muscle weakness

– ILD

– Cutaneous disease 

– Arthritis

– Combination

Myositis Treatment 



Myositis Treatment Fast Facts (3)

Myositis-specific autoantibody (MSA) specificity may potentially 
help dictate our therapeutic choices, but little data is available

Novel therapeutic mechanisms are currently being investigated in 
several clinical trials



MSAs and Myositis Treatment

• Rituximab in Myositis (RIM) trial showed some possible differential treatment 

responses based on MSA specificity

– Biomarker signatures in conjunction with autoAbs helped predict response to rituximab in 

refractory myositis.

– Biomarker and clinical responses are greatest at 16 weeks after rituximab

– IFNCK high scores and autoAb group (Mi-2, non-MAA, and undefined autoantibody) 

demonstrated the greatest clinical improvement based on muscle VAS

– In the final multivariable model, the presence of an antisynthetase, primarily anti-Jo-1 

(hazard ratio [HR] 3.08, P < 0.01), anti-Mi-2 (HR 2.5, P < 0.01), or other autoantibody

(HR 1.4, P = 0.14) predicted a shorter time to improvement compared to the absence 

of autoantibodies

Reed AM. BMC Musculoskelet Disord. 2015 Sep 17;16:257; Aggarwal R. Arthritis Rheumatol. 2014 Mar;66(3):740-9.



MSAs and Myositis Treatment

Caution: No standardization of MSA testing; 

further QA warranted before we call a 

positive MSA antibody a true positive 

When comparing EBO (Euroimmun) to 

OMRF (Oklahoma Medical Research 

Foundation)  MSA testing,  the best 

agreement was:

≥15/+ for anti-Jo-1, -Mi2α, -Mi2β, -

PM/Scl100, and -Ku autoantibodies. 

≥36/++ for anti-SRP -EJ, and -PL-12

≥71/+++ for anti-PM/Scl75 and -PL-7

Mecoli CA et al. Arthritis Rheumatol. 2019 Aug 20.



• Despite lack of RCTs, glucocorticoids(GC) remain the backbone 

of treatment

• Initial therapy: 1-2 mg/kg/day up to a max of 80-100 mg/day

• If other features such as dysphagia present, IV (GC) therapy warranted 

• High dose oral GC maintained for 2-4 weeks then gradually tapered to 

minimally effective dose (5-7.5 mg daily) – sometimes continued for one 

year or longer 

• In adults, we recommend concomitant glucocorticoid sparing IS therapy 

within the first two weeks of GC therapy

Cavagna. Autoimmunity Reviews. 16(2017) 999–1007; Oddis. Current Opinion in Rheumatology. 1993 5(6):742–748. 



Taper of glucocorticoids?

20-25%reduction monthly with goal of daily dose of prednisone 5-10 mg within 6 months 

Overview of Pharmacological Therapy 
in Idiopathic Inflammatory Myopathies

Oddis, C. V. & Aggarwal, R. Nat. Rev. Rheumatol. 2018. doi:10.1038/nrrheum.2018.42.



Proposed Approach to Treating 

Myositis-Associated Interstitial Lung Disease

Adapted from Moghadam-Kia, S., Oddis, C. V. & Aggarwal, R. Update on the treatment of myositis. Int. J. Clin. Rheumatol. 9, 

505–518 (2014); Oddis, C. V. & Aggarwal, R. Treatment in myositis. Nat. Rev. Rheumatol. 2018. doi:10.1038/nrrheum.2018.42.



Autoimmune Necrotizing 
Myopathy Treatment

Neuromuscul Disord. 2018 Jan;28(1):87-99.



Drug Myositis ILD Arthritis Cutaneous

Glucocorticoids *** *** *** ***

Topical glucocorticoids n/a n/a n/a **

Topical CI (tacro, picro) n/a n/a n/a **

Hydroxychloroqune ! None *
*** (children)

!

Azathioprine *** *** None None

Methotrexate *** ! * *

Mycophenolate ** *** None **

Cyclosporine *** ** * *

Cyclophosphamide *** *** None **

Rituximab *** *** * ***

IVIG *** ** None **

ACTH * None * (RA data) *

TNFi/other biologics * ! * (RA data) None

*** Strong evidence (>15 pts/ RCTs/guidelines)

** Less evidence (<15 pts/ small case series)

* “Eminence based” anecdotal evidence:

Used without supporting data

! Warning/proceed with caution 

Adapted from Cavagna. Autoimmunity reviews. 16(2017)999-1007.



ILD – follow ILD algorithm

MTX safety incompletely evaluated

Myositis – follow IIM algorithm

BOTH Myositis and ILD – lung potentially more severe so defer to lung if symptomatic 

beyond radiographic imaging and normal  or near normal PFTs (GC, AZA, MMF, CYC, RTX)

Arthritis most prominent – treat as you would RA – MTX not contraindicated if arthritis is 

disabling; biologics may work for arthritis– Enbrel tested in DM but not specifically for the 

arthritis; Be careful with ILD; RTX may work here; If rash most prominent– most utilized 

HCQ, GC, topical CI, MTX, CSA, MMF, IVIG, RTX, ?tacrolimus

So, What if…



The Antisynthetase Syndrome: The Clinical 

Features Separate phenotype or Continuum? 

Inflammatory Arthritis

Mechanic’s Hands

Interstitial Lung Disease

Raynaud’s Phenomenon Relapsing and Remitting Fever

Myositis



IVIG and Anti Synthetase Syndrome ILD

• Median follow-Retrospective analysis of AS-ILD patients

• Linear mixed models using restricted maximum likelihood estimation used to estimate 

the change in lung function and corticosteroid dose over time.

• Data from 17 patients analyzed. 

– Up was 24.6 months. 

• Fourteen patients had refractory disease. 

• The mean percent-predicted forced vital capacity (FVC%) (p = 0.048) and percent-predicted diffusing 

capacity of the lung for carbon monoxide (DLCO%) (p = 0.0223) increased over time, 

• mean prednisone dose (p < 0.001) decreased over time. 

• Seven patients achieved a > 10% increase in FVC%, including two who used IVIg as initial treatment. 

• Five patients showed a > 10% increase in DLCO% and TLC%

Huapaya JA. Resp Med. 154 (2019) 6-11.



IVIG in Antisynthetase Syndrome: 
Conclusions

• IVIg stabilized the lung function of patients with 

interstitial lung disease.

• IVIg increased the mean FVC% and DLCO% over time 

in patients with antisynthetase syndrome.

• IVIg decreased the mean prednisone dose over time in 

patients with antisynthetase syndrome.

Huapaya JA. Resp Med. 154 (2019) 6-11.



Recent Reviews/Expert Opinions 
Supporting IVIG in Treating Myositis

• Barsottis et al. Autoimm Rev. 2021.

• Mohammed et al. Curr Rheumatol Rev. 2019.

• Allenbach et al. ENMC IMNM Working Group. 2018.

• Oddis & Aggarwal. Nat Rev Rheumatol. 2018.

• Anh-Tu Hoa & Hudson. Semin Arthritis Rheum. 2017.

• Wang et al. Clin Rheum. 2012.

However, all acknowledged robust data has been lacking to guide 

who, when, and how long patients should receive IVIG

“myositis + 

IVIG”



Pro

• In certain subgroups of IIM patients, 

one of the most effective therapies

• Not Immunosuppressive

– Common infections: VZV (Shingles)

– Rare: Progressive multifocal 

leukoencephalopathy (PML), 

Pneumocystis jiroveci

pneumonia (PJP)

Con

• Cost/Convenience

• Side effects 

– Mild: Headache, infusion reactions

– Moderate/Severe:

• Cytopenias

• Renal failure (FDA black box)

• TEE (FDA black box)

Benefits and Drawbacks of IVIG

VZV: varicella zoster virus; TEE: thromboembolic events.



Earlier Evidence for IVIG Use in DM

Three RCTs focusing on DM and/or PM

• Dalakas et al, 1993 (n=15)

• Refractory DM; IVIG vs placebo x 3 months; Outcome: Strength, CK, Rash

• Bottom line: IVIG superior

• Tian et al, 2008 (n=60)

• 1st line DM; IVIG + steroids vs steroids alone; Outcomes: Strength, CK

• Bottom line: IVIG superior

• Miyasaka et al, 2012 (n=26)

• Refractory DM/PM; IVIG vs placebo w/ crossover; Outcome: Strength, CK

• Bottom line: Mixed - IVIG superior in intragroup but not intergroup analyses



Efficacy and Safety of IVIG in patients with 

active dermatomyositis
A Randomized, Double-Blind, Placebo-Controlled 

Phase III Trial (ProDERM Study)

Aggarwal R, Charles-Schoeman C, Schessl J, 

Bata-Csorgo Z, Dimachkie MM, Griger Z, Moiseev S, 

Oddis CV, Schiopu E,  Vencovsky J, Beckmann I, 

Clodi E,  Levine T, & the ProDERM investigators

Aggarwal R, et al Medicine (Baltimore). 2021;100(1):e23677 



To investigate efficacy, safety and tolerability of 

10% IVIG (octagam®10%) in DM patients in a 

pivotal phase 3 randomized double blinded 

placebo controlled trial.

Progress in DERMatomyositis (ProDERM) 
Study Aim:
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Screening

Week 0

Double-Blind FIRST PERIOD

(16 weeks)

Week 16

Open-label EXTENSION PERIOD

(24 weeks)

Placebo

Week 28 Week 40

Stratified by mild, 
moderate or 

severe disease**

IVIG 2.0g/kg q4wk

IVIG

Placebo
q4wk

IVIG 2.0g/kg 
q4wk

x

*CD
*CD

For stable patients optional dose 

reduction 1.0g/kg q4wk

*CD

*CD

x

x

N=95

*CD = confirmed deterioration.

Prospective, Parallel-Group, Double-Blind, Randomized, 

Placebo-Controlled, Multicenter Phase 3 Study

Aggarwal R, et al Medicine (Baltimore). 2021;100(1):e23677 



• Adult DM as per definite or probable DM as per Bohan & Peter criteria

• Active disease as per independent adjudication committee

• Patient currently on standard immunosuppression* or previously failed or 

intolerant standard immunosuppression

• MMT-8 score <142/150, with at least 2 other abnormal CSMs

– Patient global activity ≥2 cm, 

– Physician global disease activity ≥2 cm, 

– Extra-muscular disease activity ≥2 cm; 

– At least one muscle enzyme >1.5 times ULN

– HAQ-DI ≥0.25

Inclusion Criteria

Standard immunosuppression: 

Currently: Corticosteroids and/or max of 2 immunosuppressants (stable doses);

Failed/intolerant: Corticosteroid and/or at least 1 immunosuppressants (washed out). Aggarwal R, et al Medicine (Baltimore). 2021;100(1):e23677 



Primary Endpoint

• Primary endpoint: Proportion of responders at week 16 (end of the placebo-

controlled, double-blind First Period). 

• Responder: Subject with ≥20 points on the Total Improvement Score (TIS) 

of 2016 ACR/EULAR Myositis Response Criteria. 

• TIS based on 6 Core Set Measures (CSM): 

– Manual Muscle Testing (MMT)

– Physician global

– Patient global

– HAQ

– Muscle enzyme 

– Extra-muscular disease activity
Aggarwal R, et al Medicine (Baltimore). 2021;100(1):e23677 



Results: Patients

• All patients had symmetrical 

proximal muscle weakness 

and typical DM skin rash. 

• Majority of patients with 

definite DM (Peter and Bohan).

• A total of 95 adult DM patients 

– 53 years (median age)

– 75% females

– 92% Caucasian

Randomized to

IVIG = 47

Randomized to

Placebo = 48

Treated with

IVIG = 47

Treated with

Placebo = 48

SScreened = 126

Completed First 

Period = 45 (95.7%)

Completed First 

Period = 46 (95.8%)

Completed Extension 

Period = 34 (72.3%)
Completed Extension 

Period = 35 (72.9%)

Screen Failures = 31

Aggarwal R, et al Medicine (Baltimore). 2021;100(1):e23677 



Efficacy Results
Primary Endpoint: TIS Score Responders at Week 16
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Efficacy Results
Secondary Endpoint: Proportion of Responders With at 
Least Moderate or Major Improvement

Aggarwal R, et al Medicine (Baltimore). 2021;100(1):e23677 
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Efficacy Results
Secondary Endpoint: TIS Responders at Week 40

• IVIG: Response maintained for all efficacy endpoints through Week 40

• Placebo - IVIG: Similar response rate after switch to IVIG in the Extension 

Period at Week 40 
Aggarwal R, et al Medicine (Baltimore). 2021;100(1):e23677 
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Efficacy Results
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Aggarwal R, et al Medicine (Baltimore). 2021;100(1):e23677 



Safety: Treatment Emergent 
Adverse Events (TEAE)

• TEAEs: 62 patients (65.3%) experienced 282 related TEAEs 

• Most common related TEAEs: 

– Headache, pyrexia, and nausea

• Serious TEAEs similar in the two treatment groups (First Period) 

– IVIG: 3 patients (5.8%) had 5 serious TEAEs 

– Placebo: 2 patients (4.2%) with 4 serious TEAEs

• Most common related serious TEAEs:

– Thromboembolic event: 1 PE, 2 CVA, 1 DVT/PE

Aggarwal R, et al Medicine (Baltimore). 2021;100(1):e23677 



The first large placebo-controlled randomized clinical 

trial (phase 3) on IVIG treatment in patients with 

dermatomyositis clearly confirmed the efficacy, safety 

and tolerability of IVIG in patients with DM. 

ProDERM Conclusion

Aggarwal R, et al Medicine (Baltimore). 2021;100(1):e23677 



Belimumab Study Design

Investigator-initiated, multicenter, double-blind, placebo-controlled trial to evaluate the efficacy and safety of belimumab in adults 

with refractory IIM. A simplified flowchart of the study procedure is given in Figure 1. After consent, a patient will be randomized 

to either belimumab + standard of care (B) or placebo +  standard of care (P). 

Randomization and Stratification: Subjects will be randomly assigned in a 1:1 ratio to either B or P, according to two 

stratification variables: 1. Disease type (Polymyositis or Dermatomyositis) and 2. Disease severity (severe or less severe) The 

number of IS agents used over the last year will be used as a surrogate of disease activity: one or less IS agent versus more

than 1 IS agent over last year.



Belimumab

• Results: 16 patients were randomized, 15 received at least 4 doses of belimumab or 

placebo to be included in the analysis (9 belimumab; 6 placebo) 

• The proportion of patients reaching DOI by week 40 was numerically higher in 

belimumab arm (belimumab 37.5% /SoC 16.7 %). 

• The mean TIS was similar between 2 groups (mean (SD) belimumab 38.8 (24.9)/ 

SoC 37.9 (5.8). 

• At week 64, 42.9 % of patients on belimumab achieved DOI, while no patients in the 

original SoC arm did. 

• Numerically more patients on belimumab had moderate or major improvement than 

on SoC (belimumab 62.5%/ SoC 33.3%) at week 40, and (belimumab 57.1% /SoC

40.0 %) at week 64. 

• Of 15 patients only 2 had a major response at week 40 (TIS= 72.5) that sustained to 

week 64; both had received belimumab. 

Chadha P, et al. Arthritis Rheumatol. 2021; 73 (suppl 10).



Tofacitinib/Ruxolitinib



Tofacitinib

Methods

10 subjects were enrolled at the Johns Hopkins 

Myositis Center

Tofacitinib was given as 11mg XR daily. 

Subjects were washed out of any steroid sparing agent 

and not allowed more than 20 mg of prednisone daily 

prior to study entry. 

The primary outcome was the proportion of subjects 

meeting the IMACS  definition of improvement (DOI) at 

12 weeks

Results

9 subjects were analyzed to date

All subjects failed at least 2 steroid sparing agents or 

high dose steroids.

Mean age at enrollment was 45.6 ± 10.6 years and 6 of 9 

(66.7%) were female. 

All subjects failed at least 2 steroid sparing agents or 

high dose steroids. 

All 9 subjects met the primary outcome DOI at 12 weeks, 

with 5 of 9 (56%) demonstrating moderate improvement 

and 4 of 9 (44.4%) having minimal improvement based 

on the Total Improvement Score (TIS) of the Myositis 

Response Criteria. 

The median TIS was 40 [IQR 32.5, 47.5] indicative of at 

least moderate improvement. 

Paik JJ et al. Arthritis Rheumatol. 2021 May;73(5):858-865.



Chemokine data on CXCL-9/10 also showed a trend toward 

improvement with treatment but did not show a statistically 

significant change from baseline (CXCL9, p=0.09; CXCL10, p=0.06) 

The secondary outcome of the mean change in CDASI activity score from 

baseline to 12 weeks was statistically significant (28 ± 15.4 (baseline) vs. 9.5 

± 8.5 (12 weeks), p=0.0005) with clear trend in improvement

Paik JJ et al. Arthritis Rheumatol. 2021 May;73(5):858-865.



Paik JJ et al. Arthritis 

Rheumatol. 2021 

May;73(5):858-865.



Paik JJ et al. Arthritis Rheumatol. 2022 Feb;74(2):371-372.



Axial STIR (A) and T1-weighted images (B) through the bilateral thighs using myositis protocol performed at baseline reveal bilateral asymmetric 

right greater than left lower extremity skin thickening and reticular elevated STIR signal and confluent T1-hypointense signal in the right 

anteromedial thigh to the greatest extent (arrows). Note the close proximity of signal abnormality in the right anterior thigh to the skin surface. 

Superficial calcific masses can ulcerate and extrude calcium as seen in this patient. Axial STIR (C) and T1-weighted images (D) through the 

bilateral thighs using myositis protocol performed 3 months after treatment reveal decrease in subcutaneous signal abnormalities in both legs 

(arrows). Photograph (E) demonstrates the extruded calcium deposit from patient 1’s leg after treatment with tofacitinib.

Baseline

3 months 

after Tx

Shneyderman M et al. Rheumatology (Oxford). 2021 Nov 3;60(11):e387-e388.

Calcinosis and Tofacitinb



Oddis, C. V. & Aggarwal, R. Treatment in myositis. Nat. Rev. Rheumatol. 2018. doi:10.1038/nrrheum.2018.42.

Immune-Related Potential 
Therapeutic Targets in Myositis



Drug MOA Sponsor Clinical Trial Registration Reference

Completed, published

Rituximab Anti-CD20 Genentech NCT00106184 Oddis CV. Arthritis Rheum 2013; 65:314-324

Sifalimumab Anti-Interferon alpha MedImmune NCT00533091

Liao AP. Ann Rheum Dis 2011; 70:

831–836.

ACTH Gel,  RCI Aderenocorticotropic hormone Mallinkrodt NCT01906372 Aggarwal R. Ann Rheum Dis 2018; 77: 720–727

IVIG Immunomodulator NCT00001261 Dalakas MC. N Engl J Med 1993; 329: 1993–2000.

Etanercept, Infliximab) TNF alpha  Inhibitors MSG NCT00112385

Muscle Study Group.Ann Neurol. 2011;70(3):427-436. 

Schiffebauer A. . Semin Arthritis Rheum 2018;47: 858–864

Abatacept T-cell activation inhibitor BMS NCT01315938 Tjärnlund A. Ann Rheum Dis. 2018 Jan;77(1):55-6

Tofacitinib Jak-kinase 1/3 inhibitor Pfizer NCT03002649

Paik J.Arthritis Rheumatol; 2020 Dec 1

Completed, unpublished

Octagam iVIG/immunomodulator Octapharma NCT02728752

Abatacept T-cell activation inhibitor BMS NCT02971683

Eculizumab C5 inhibitor Alexion NCT00005571

JBT-101(Anabasum) Endocanabinoid receptor agonist Corbus NCT02466243

Toclizumab IL-6 antagonist Genentech NCT02043548

Terminated

IMO8400 Anti-TLR Idera NCT02612857

Fingolimod Sphingosine 1-phosphate modulator Novartis NCT01148810, NCT01801017

Gevokizumab IL-1 Beta Antagonist Xoma/Novartis EUdraCT2012-005772-34

BAF312/Siponimod) Sphingosine 1-phosphate modulator Novartis

NCT01148810/NCT01801917/

NCT02029274

Autologous SCT NCT01801917

In Process

PF-06823859 Humanized Ig neutralizing Ab against INFB Pfizer NCT03181893

Lenabasum Endocanabinoid receptor agonist Corbus NCT03813160

KZR-616 Immunoproteasome inhibitor Kezar NCT04033926

Belimumab B-cell activation inhibitor GSK/IIT NCT02347891

Hizentra SQ immunoglobulin/immunomodulator CSL Behring NCT02271165

Alpremilast PDE-4 inhibitor Tulane Univ NCT03529955

Zilucoplan Complement inhibitor Ra NCT04025632

PM/DM Clinical Trials Overview



Myositis RCT: Novel Agents

Drug Disease Route Phase MOA Sponsor

Lenabassum DM Oral 3
Endocannabinoid receptor 

agonist 
Corbus

KZR-616 DM/PM SQ 2
Selective Inhibitor of the 

Immunoproteasome
Kezar

PF-06823859 DM IV 2 Interferon Beta antagonist Pfizer

IMO-8400 DM SQ 2 TLR antagonist Idera

VIB9600 DM/PM SQ 1

Targets and binds to ILT7, a 

cell surface molecule specific 

to pDC

Vielo Bio 

(Horizon)
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Myositis RCT: Novel Agents



FcRn

Dysregulated immune responses may lead to antibodies against self-antigens 
(autoantibodies), resulting in organ-specific or systemic autoimmune diseases.

Autoantibody-mediated diseases have been treated by nonspecific immunoglobulin-
lowering/modulating therapies, including immunoadsorption, plasma exchange, and high-
dose intravenous immunoglobulin. 

However, targeting FcRn with specific inhibitors results in reduction in only IgG levels.

The effectiveness of FcRn inhibitors in autoimmune diseases (e.g, myasthenia gravis and 
immune thrombocytopenia) provides further evidence that IgG is a primary driver in these 
autoantibody-mediated diseases.

Patel DD, Bussel JB. J Allergy Clin Immunol. 2020 Sep;146(3):467-478.



FcRn mode of action: (A) protection of IgG from degradation and (B) how FcRn inhibitors disrupt IgG recycling. A, IgG is ingested 

by pinocytosis. Pinocytotic vesicles fuse with acidic endosomes in which FcRn can bind IgG. Excess unbound IgG and other 

proteins enter the lysosome and are degraded. IgG bound to FcRn is retained and released by exocytosis. B, FcRn inhibitors bind 

to FcRn in both neutral and acidic environments; in the presence of FcRn inhibitors, ingested IgG is unable to bind to FcRn; 

the unbound IgG enters the lysosome and is degraded

Patel DD, Bussel JB. J Allergy Clin Immunol. 2020 Sep;146(3):467-478.



FcRn Receptor Blockers 

• Efgartigimod: Antibody Fc 

Fragment Against FcRn

• Nipocalimab: fully human, 

aglycosylated monoclonal 

IgG1 FcRn antibody with no 

effector function that inhibits 

FcRn-mediated IgG recycling



What About Inclusion Body Myositis (IBM)?



EXERCISE

• Currently the only treatment recommendation for patients 

with inclusion body myositis

• Patients may feel fearful, frustrated and/or guilty

• Shown to reduce inflammation, reduce fatigue, increase 

stamina, and build muscle, even in patients with myositis

• Low resistance; avoid heavy weights; minimize fall risk

• Physical Therapy and Occupational Therapy play a 

large role



Blood Flow Restriction Therapy (BFRT)

• BFRT works by decreasing blood flow 

to working muscles with the aim of 

promoting hypertrophy, and 

preventing disuse atrophy of muscles. 

• This treatment is typically used during 

exercise, but can also involve the use 

of compression devices alone.

• During BFR therapy, a patient works 

out with pressure tourniquet. The 

tourniquet partially restricts venous 

blood flow, but not arterial inflow to 

the extremity.



Blood Flow Restriction Therapy (BFRT) 

• Randomized controlled intervention trial (NCT02317094) examined effect of 12 weeks low-load 

blood-flow restricted (BFR) resistance training on maximal muscle strength, power, rate of force 

development (RFD), thigh lean mass (TLM), and voluntary muscle activation (VA) in sIBM patients

• Within-group changes were observed with BFR training (BFR) manifested by increased knee 

extensor strength in the strongest leg (+13.7%, p = 0.049), whereas non-exercising patients 

(CON) showed reduced knee extensor strength (−7.7%, p = 0.018). 

• Maximal leg extensor power obtained for the stronger leg remained unchanged following BFR 

training (+9.5%, p = 0.37) while decreasing in CON (−11.1%, p = 0.05). 

• BFR resistance training can attenuate the rate of decline in mechanical muscle function typically 

experienced by sIBM patients

• Preservation of muscle mass and mechanical muscle function with BFR resistance training may 

be considered of high clinical importance in sIBM patients to countermeasure the disease-related 

decline in physical function

N Jørgensen A, Y Jensen K, L Nielsen J, Frandsen U, G Hvid L, Bjørnshauge M, P Diederichsen L, Aagaard P. Effects of 

blood-flow restricted resistance training on mechanical muscle function and thigh lean mass in sIBM patients. Scand J Med 

Sci Sports. 2022 Feb;32(2):359-371.



IBM Clinical Trials

• Bimagrumab (BYM338): a fully human, receptor-neutralizing monoclonal 

antibody that blocks myostatin and other endogenous regulators of skeletal 

muscle mass from binding to the activin type II receptor)

• Pioglitazone: increases expression of AMPK and PGC-1α, resulting in 

increased mitochondrial biogenesis in muscle and improved exercise 

capacity and mitochondrial function

• Alemtuzumab: destroys white blood cells that have a protein called CD52 

on their surface and that might be among the cells attacking muscle.

• Arimoclomol: induces HSP-1 and helps with protein misfolding

• Sirolimus: restores aberrant autophagic (protein degradation) pathways 

by inhibiting mTOR (nutrient/energy/redox sensor that controls 

protein synthesis)



IBM Clinical Trials

• Bimagrumab (BYM338): a fully human, receptor-neutralizing monoclonal 

antibody that blocks myostatin and other endogenous regulators of skeletal 

muscle mass from binding to the activin type II receptor)

• Pioglitazone: increases expression of AMPK and PGC-1α, resulting in 

increased mitochondrial biogenesis in muscle and improved exercise 

capacity and mitochondrial function

• Alemtuzumab: destroys white blood cells that have a protein called CD52 

on their surface and that might be among the cells attacking muscle.

• Arimoclomol: induces HSP-1 and helps with protein misfolding

• Sirolimus: restores aberrant autophagic (protein degradation) pathways 

by inhibiting mTOR (nutrient/energy/redox sensor that controls 

protein synthesis)



Depletion of KLRG1+ T Cells in a First-in-Human Clinical 

Trial of ABC008 in Inclusion Body Myositis (IBM)

In study participants with IBM,  single SC dose of 0.1 mg/kg of 

ABC008 resulted in the depletion of CD8+KLRG1+ cells with no 

apparent safety concerns

Higher dose cohorts (0.5, 2.0, and 5.0 mg/kg) planned

A prominent feature of IBM on microscopy is highly differentiated 

effector CD8+ cytotoxic T (Tc) cells invading non-necrotic myofibers

These Tc cells are relatively resistant to apoptosis and express 

markers including killer cell lectin-like receptor G1 (KLRG1)

ABC008, a first-in-class humanized, afucosylated monoclonal 

antibody (mAb) specific for KLRG1, selectively depletes these 

highly differentiated Tc cells while sparing other blood cell 

populations, e.g., naïve, central memory, and regulatory T cells.

ABSTRACT NUMBER: L07

Depletion of KLRG1+ T Cells in a First-in-human Clinical Trial of ABC008 in Inclusion Body Myositis (IBM)

Niti Goel1, Dulce Soler-Ferran2, Monette Coutreau2, Jorge Escobar3, Kate Courtemanche2, Merrilee Needham4 and Steven Greenberg5, 1Abcuro, Inc.; Duke University, 

Durham, NC, 2Abcuro, Inc., Newton, MA, 3Abcuro, Inc., Hayward, CA,4Perron Institute, Murdoch University, Perth, Australia, 5Brigham and Women's Hospital, Harvard Medical 

School, Boston, MA. ACR Convergence 2021.

1. Engel AG et al. Ann Neurol. 1984;16:209-15; 2. Greenberg SA et al. Brain. 2016;139:1348-60; 3. Rose MR et al. Neuromuscul Disord. 2013;23:1044–55.

https://acrabstracts.org/meetings/acr-convergence-2021/


Resistance Exercise

• Once thought to be harmful in myositis , exercise 

now should be part of a therapeutic regimen plan 

• Anti-inflammatory; combats atrophy 



Change in Gene Expression After 
7 Weeks of Intensive Exercise

• A total of 8 myositis patients underwent a 

7-wk resistance exercise training 

program (3x/week) that resulted in 

improved muscle strength and increased 

maximal oxygen uptake (VO2max).

• Training also resulted in marked 

reductions in gene expression, reflecting 

reductions in proinflammatory and 

profibrotic gene networks, changes that 

were also accompanied by a reduction in 

tissue fibrosis.

“Anti-inflammatory” genes

“Pro-inflammatory” genes

Nader GA et al. Mol Med. 2010 Nov-Dec;16(11-12):455-64.



Exercise induces 

microRNAs that target 

transcripts and proteins 

important for muscle and 

immune response.

Boehler JF. PLoS One. 2017; 12(8): e0183292.



Exercise in Myositis Summary

Gene expression and proteomic analysis of skeletal muscle from patients with myositis 
identified important changes in exercised muscle. 

Endurance exercise over 12 
weeks lead to beneficial effects on 
muscle performance and reduced 
clinical disease activity 

-molecular adaptations in skeletal muscle. –

- activation of the aerobic phenotype:

• mitochondrial oxidative phosphorylation

• mitochondrial biogenesis 

Endurace training activates the muscle growth program that could overwrite the 
muscle atrophy process, and suppress the inflammatory response in muscles. 




