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Aims Pilot studies indicate that immunoadsorption with subsequent IgG substitution (IA/IgG) induces beneficial effects in
patients with dilated cardiomyopathy (DCM) and heart failure. This placebo-controlled study investigates whether
IA/IgG treatment enhances left ventricular (LV) systolic function as compared to a control group receiving
pseudo-treatment.

Methods This multicentre, randomized, double-blind, parallel-group trial aims to include 200 patients with heart failure due to
DCM (LV ejection fraction [LVEF] <40%) on optimized guideline-directed heart failure medication. Participants are
randomly assigned in a 1:1 ratio to IA/IgG using protein-A columns, or to pseudo-immunoadsorption followed by
an intravenous infusion without IgG. Follow-up visits take place by telephone after 1 and 3 months and at the study
centres after 6, 12 and 24 months. The primary efficacy endpoint is the change in LVEF from baseline to 6 months
determined by contrast echocardiography, analysed at a core lab. In addition, LV end-diastolic and end-systolic volumes
will be analysed as secondary endpoints over the entire study period to assess whether IA/IgG affects LV remodelling.
As main secondary outcome, a composite of all-cause death, cardiac resuscitation, hospitalization for heart failure,
and need for cardiac surgery to improve myocardial pump function will be evaluated after 24 months. In addition,
exploratory outcomes as well as safety endpoints related to the treatment will be assessed throughout the whole
study period.
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Conclusion

IASO-DCM is a randomized study which will provide comprehensive insights into the effects of immunoadsorption

with subsequent IgG substitution in patients with DCM.

Keywords Dilated cardiomyopathy e Heart failure o
controlled trial
Introduction

Dilated cardiomyopathy (DCM) is characterized by the enlarge-
ment of the left ventricle or both ventricles alongside with impaired
systolic function not attributable solely to abnormal loading condi-
tions (such as hypertension or valve disease) or significant coronary
artery disease.”? In industrialized countries, the prevalence is
around 1 in 250 individuals, with an annual incidence ranging
from 5 to 8 cases per 100000 individuals.? As some cases might
present asymptomatic, it is assumed that DCM is more prevalent
and population-based estimates using less strict diagnostic criteria
suggest that the prevalence of idiopathic DCM is likely 10-fold
higher.

Dilated cardiomyopathy frequently leads to progressive heart
failure (HF) due to declining left ventricular (LV) contractile
function accompanied by various complications such as arrhyth-
mias, and thromboembolism leading to high rates of sudden or
HF-related death. DCM remains one of the most common causes
of heart transplantation (HTx).3 Improvements of medical treat-
ment led to improved prognosis of DCM with 10-year survival free
from all-cause mortality, HTx, and ventricular assist device (VAD)
implantation of 42%.3

Clinical data indicate that in many cases viral infection and per-
sistent inflammatory processes are involved in the pathogenesis of
myocarditis and DCM, and may represent factors causing progres-
sion of ventricular dysfunction.*> Hence, the term ‘inflammatory
cardiomyopathy’ has been introduced."** Furthermore, genetic
alterations can be identified in about 40% of cases of DCM and
some patients have a positive family history indicating a genetic
cause or modulatory effect of the genetic background.™® Both
myocarditis and DCM associate with abnormalities of the immune
system.*” Myocardial inflammation reflected by immunohistologi-
cal findings in endomyocardial biopsies (EMBs) such as lymphocyte
and mononuclear cell infiltration along with increased expression
of cell adhesion molecules is frequent in DCM patients, suggesting
ongoing immune activity.*” Furthermore, activation of the humoral
immune system with production of cardiac antibodies may play
an important role in DCM as several antibodies against cardiac
structures have been detected in these patients, directed against
mitochondrial proteins, o- and P-cardiac myosin heavy chain
isoforms, the cardiac P-receptor, the muscarinic acetylcholine
receptor-2, and the sarcolemmal Na-K-ATPase.*’

This randomized multicentre study will investigate with a
placebo-controlled, double-blind design whether the removal
of autoantibodies by immunoadsorption (IA) will influence the
disease process and cardiac function of patients suffering from HF
due to DCM.

Immunoadsorption e IgG substitution e Randomized

Study design

ImmunoAdSorptiOn on cardiac function in patients with Dilated
CardioMyopathy (IASO-DCM) is a multicentre, randomized,
double-blind, parallel-group trial in patients with DCM randomly
assigned 1:1 to |A and subsequent IgG substitution (IA/IgG), or to
pseudo-IA (plasmapheresis but reinfusion of the plasma without
passing of adsorption columns) followed by an intravenous infusion
without IgG (control).

The main objective is to investigate whether IA/IgG enhances LV
systolic function as compared to the control group, as determined
by contrast echocardiography after 6 months. The main secondary
objective is to ascertain whether IA/IgG compared to control
improves the outcome (composite of all-cause death, cardiac resus-
citation, hospitalization for HF, cardiac surgery) after 24 months.

Trial population

The IASO-DCM trial aims to include 200 patients with HF due
to DCM and reduced ejection fraction diagnosed in accordance
with current guidelines when the study was started.® Pre-defined
inclusion and exclusion criteria were selected to ensure that only
patients with defined DCM are enrolled and that there are no
contraindications for carrying out an |A (Table 7). Briefly, DCM
patients aged 18 to 70years with symptomatic HF (New York
Heart Association [NYHA] classes 1I-IV) and a LV ejection frac-
tion (LVEF) <40% (determined by contrast echocardiography) are
eligible to participate. Furthermore, onset of HF symptoms has to
be >6 months and <7 years at the time of screening. The inclusion
of eligible patients takes place after a detailed oral and written
informed consent about the rationale, the procedure and potential
risks of the study and after written consent has been obtained.

Concomitant therapy

Eligible patients must be treated with optimized HF therapy
according to the European Society of Cardiology (ESC) guidelines
from 2008 originally valid during the recruitment and follow-up
phase.® These included angiotensin-converting enzyme inhibitors
or angiotensin receptor antagonists, beta-blockers, mineralocor-
ticoid receptor antagonists, and diuretics as clinically indicated.
Treatment with angiotensin receptor—neprilysin inhibitors, how-
ever, took place during the course of the study due to an update
of the ESC guidelines published in 2016.° HF medication must
be initiated for at least 6 months with stable dosing for at least
2months prior to the screening. It was recommended not to
change the HF medication during the course of the investigation,
with the exception of dosage adjustments of diuretics and of
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Table 1 Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria
o Age 18-70years o NYHA class IV patients who are bed-ridden and dependent upon parenteral
e Dilated cardiomyopathy medication
o NYHA class lI-IV o Cardiac insufficiency resulting from another cardiac disease (e.g. CAD defined by

LVEF <40% determined by contrast
echocardiography (according to assessment of the
local investigators)

o Symptoms of heart failure >6 months and <7 years

>50% stenosis of major vessel assessed by coronary angiography, hypertensive
heart disease, valvular defects >second degree)

History of myocardial infarction

Acute myocarditis according to Dallas criteria

prior to screening o ICD implantation <1 month before screening date

Treatment with ACE inhibitors or angiotensin Il
receptor blockers, beta-blockers, and aldosterone

antagonists (the latter at the discretion of the
attending physician), for at least 6 months and at
stable doses for at least 2 months prior to screening
date

Informed consent

CRT <6 months before screening date

Intravenous medication with inotropic drugs, vasodilators or repeated (>1/day)
intravenous administration of diuretics

Active infectious disease, or signs of ongoing infection with CRP >10 mmol/L
Impaired renal function (serum creatinine >220 umol/L)

Endocrine disorder excluding insulin-dependent diabetes mellitus

Any disease requiring immunosuppressive drugs

Anaemia (Hb <90 g/L) due to other causes than CHF

Pregnancy/lactation, or childbearing potential without appropriate contraception
Alcohol or drug abuse

Presence of a malignant tumour, or remission of malignancy <5 years

Another life-threatening disease with poor prognosis (survival <2 years)
Previous treatments with immunoadsorption or immunoglobulin
Contraindications for application of the echocardiography contrast agent used

ACE, angiotensin-converting enzyme; CAD, coronary artery disease; CHF, chronic heart failure; CRP, C-reactive protein; CRT, cardiac resynchronization therapy; Hb,
haemoglobin; ICD, implantable cardiac defibrillator; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.

digitalis. The concomitant therapy may also include an implanted
cardiac defibrillator (at least 1 month prior to screening) and
cardiac resynchronization therapy if indicated according to the
ESC guidelines (at least 6 months prior to screening).8’

Study interventions

An overview of intervention procedures is given in Figure 1.

In the treatment group (IA/IgG), immunoglobulin extraction
from the plasma will take place using Immunosorba® (Fresenius
Medical Care, Bad Homburg, Germany), a protein A immunoad-
sorber for immunoglobulin removal. IA will be performed in one
course of five sessions on consecutive days. Each session will
continue until two- to three-fold of plasma volume has passed
the IA columns. After the last IA session and subsequent IgG
depletion, I1gG will be substituted for safety reasons, to restore
IgG plasma levels and to reduce the risk of infection. Six hours
after the last IA session, patients of the IA/IgG group will accord-
ingly receive 0.5 g/kg polyclonal IgG (Octagam®, Octopharma AG,
Lachen, Switzerland, or Privigen®, CSL Behring GmbH, Marburg,
Germany) intravenously. In the control group, a pseudo-IA is also
carried out in one course of five sessions on consecutive days.
Pseudo-IA consists of plasmapheresis with subsequent reinfusion
of plasma but without previous passage through the |IA columns.
After the last session of pseudo-IA, the control patients will receive
an intravenous infusion without IgG (saline).

All patients are hospitalized for the duration of the study
interventions, and in both groups heart rate and respiratory rate
are continuously recorded and blood pressure is measured at
least every 30 min during each session of |A or pseudo-lA. For
safety reasons, all patients will receive prophylactic antibiotics
(e.g. amoxicillin intravenously once a day) to minimize the risk of
infection during central venous catheterization.

Endpoints

The primary endpoint is the change in LVEF from baseline to
6 months determined by contrast echocardiography as assessed by
the core lab.

The main secondary endpoint is a composite of all-cause death,
cardiac resuscitation, hospitalization for HF, cardiac surgery to
improve myocardial pump function (HTx, VAD implantation, or
bi-ventricular pacing) after 24 months. Hospitalization for HF is
defined as unscheduled hospitalization >24h due to progression
of HF, which is characterized by increased symptoms of HF or
change in medication in accordance to the criteria as defined in
the EPHESUS study.’® Further secondary, safety and exploratory
endpoints are summarized in Tables 2 and 3.

Study plan and key measurements

An overview of the study schedule and assessments is shown in
Figure 2. In brief, the intervention has to be started within 14 days
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Immunoadsorption / Pseudo-immunoadsorption

One course in five sessions on consecutive days
(2- to 3-fold of plasma volume passed at each session)

Anti-
coagulation

Protein A
Immuno-
‘ ‘ adsorption ‘ ‘
columns
(Immunosorba®)

Plasma filter
Plasma separator

IgG-substitution / Pseudo-substitution

After last session of Pseudo-/immunoadsorption

Central
verious
catheter

0.5g/kg polyclonal IgG (Octagam® or Privigen®)
Peripheral — (infusion rate 0.5g /hour for 6 hours, followed by 1g/hour)

venous,
gocess| — — — — — Saline
(same volume, infusion rates as IA/IgG group)

Verum Control
(IANlgG)  (Pseudo-IA)

Blood

Plasma

Pseudo-/ _— ===
Substitution

Figure 1 Study interventions. Protein A immunoadsorption is a technique that selectively removes antibodies from blood by exploiting the
high affinity of protein A, derived from Staphylococcus aureus, for the Fc region of IgG antibodies. In this method, protein A is immobilized on a
solid matrix, such as Agarose or Sepharose beads, creating an immunoadsorbent column. For this purpose, blood is first separated into plasma
and cell components in a plasma separator. When the biological fluid is passed through the column, IgG antibodies bind specifically to protein
A. The column is then washed to remove unbound substances, and the bound antibodies are eluted using a buffer that disrupts the protein
A—IgG interaction. Plasma and cell components are then returned to the patient. In the study, the passage through the columns is omitted in
the control group. In addition, IgG (verum group) or saline (control group) is substituted after the last treatment session as part of the study.

after randomization. The visits at the study centres at baseline and
after 6, 12 and 24 months include a comprehensive examination
programme including contrast echocardiography, cardiopulmonary
exercise testing, assessment of quality of life and symptoms, blood
sampling for local blood analyses and core lab biobanking. Informa-
tion on adverse clinical events and endpoints is collected at every
visit and by telephone after month 1 and 3.

Contrast echocardiography

Transthoracic echocardiography is performed at baseline and
after 6, 12 and 24 months. All images from parasternal and apical
views are obtained according to a standard operation proce-
dure in accordance with the guidelines of the American Society of
Echocardiography.’" Cine loops are recorded in the apical four- and
two-chamber view using contrast agents (Luminity®/Definity®,
Lantheus Medical Imaging, Bedford, MA, USA; Optison™, GE
Healthcare Inc., Milwaukee, WI, USA; SonoVue®, Bracco Imaging
GmbH, Konstanz, Germany) to determine the LV volumes and
calculate the LVEF. Data are stored digitally and analysed by the
core lab.

Cardiac magnetic resonance imaging

Optionally, a cardiac magnetic resonance imaging is performed
during the baseline and the follow-up examinations. The evaluation
takes place in a core lab.

Cardiopulmonary exercise testing

Cardiopulmonary exercise capacity will be evaluated at base-
line and after 6, 12 and 24 months using symptom-limited

cardiopulmonary exercise test. All examinations are evaluated by
an independent core lab.

Endomyocardial biopsy

Orriginally, in all patients, an EMB had to be obtained for diagnosis
of DCM before study start. Following an amendment, EMBs will
be performed optionally at the discretion of the investigators and
treating physicians.

Genetic analyses

It is also planned to analyse the genetic background of all par-
ticipants, as previous studies have identified a familial or genetic
cause in many DCM cases.® Understanding the complex genetic
architecture of DCM is crucial for tailoring treatment,® also for
interventions targeting humoral immunity like IA therapy.

Randomization and blinding

Patients are randomized centrally by computer in a 1:1 ratio
to either IA/IgG or control. The first patients will be random-
ized using block randomization. For the rest of the patients,
optimal dynamic allocation according to Pocock’s sequential
treatment allocation method will be used. The randomization
procedure will assure balance for seven prognostic factors: age
(<40/>40 years), sex (male/female), diabetes (yes/no), LVEF (mean
and <25%/>25%), LV end-diastolic volume index (LVEDVI, mean),
treatment duration for HF (<2/>2years), NYHA class (lI/lll/IV),
implanted cardiac defibrillator (yes/no), cardiac resynchronization
therapy (yes/no).
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Table 2 Secondary and safety endpoints

Secondary endpoints

® Main secondary endpoint: composite of all-cause death,
cardiac resuscitation, hospitalization for heart failure and
cardiac surgery to improve myocardial pump function (HTx,
VAD implantation, myoplasty or bi-ventricular pacing) at
24 months

o Cardiac morbidity as determined by quality-of-life score
(MLHFQ) and by the symptoms in accordance with NYHA
classification at baseline and after 6, 12, and 24 months

o LVEF as determined by contrast echocardiography at baseline
and after 12 and 24 months

o LVESVI as determined by contrast echocardiography at
baseline and after 12 and 24 months

o LVEDVI as determined by contrast echocardiography at
baseline and after 12 and 24 months

o Changes in cardiopulmonary exercise capacity: VO, ...
anaerobic threshold and VE/VCO, from baseline to 6, 12
and 24 months

o Changes in BNP and/or NT-proBNP from baseline to
6 months

o LVEF, as determined by MRI at rest at baseline, after 6, 12
and 24 months (optional)

Safety endpoints

o SAEs to be accounted for during the intervention period, at
1, 3 and 6 months

e A composite endpoint of all-cause death and hospitalizations
due to any cardiovascular event or infections at 6 months
(performed by the DSMB)

BNP, B-type natriuretic peptide; DSMB, Data Safety and Monitoring Board;
HTx, heart transplantation; LVEDVI, left ventricular end-diastolic volume index;
LVEF, left ventricular ejection fraction; LVESVI, left ventricular end-systolic
volume index; MLHFQ, Minnesota Living with Heart Failure Questionnaire;
MRI, magnetic resonance imaging; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; NYHA, New York Heart Association; SAE, serious adverse event; VAD,
ventricular assist device; VE/VCO,, ratio of minute ventilation and carbon dioxide
production; VO,,...., maximum oxygen uptake.

Information on group assignment will be sent to an unblinded
physician/technician responsible for the IA procedures. The other
members of the local study team and the patients remain blinded
for the entire duration of the study. Since it is not possible to pro-
duce a sham column that is identical to the |A column, special mea-
sures must be taken for the intervention phase. The |A/pseudo-IA
is therefore performed behind a curtain and the unblinded physi-
cian/technician should make certain that both study team and
patients cannot see the equipment used for the procedure. For the
subsequent intravenous infusion of IgG solution (IA/IgG) or saline
solution (control), identical glass bottles wrapped in black plastic
foil and black plastic tubes are used. All analyses by core labs and
by the Endpoint Committee will be performed without knowledge
of the assignment of patients to the two treatment arms.

Statistical analysis

Sample size calculation is based on an expected standard deviation
for the individual ejection fraction difference around 0.10 absolute

Table 3 Exploratory endpoints and analyses

Exploratory analyses to characterize patient-specific factors by
which it may be possible to predict the success of IA/IgG:

e Patients’ age

e Symptom duration

o Extent of left ventricular systolic dysfunction as determined
by LVEF at baseline

o Serum levels of specific cardiac autoantibodies at baseline

o Myocardial inflammation, as determined by expression of
cellular adhesion molecules and HLA class Il antigens and
presence of lymphocytes and monocytes in myocardial
biopsies at baseline (optional)

o Myocardial fibrosis in myocardial biopsies at baseline
(optional)

e Virus persistence in myocardial biopsies at baseline (optional)

Immune parameters and parameters of LV remodelling at
baseline and during follow-up:

o Changes in serum levels of specific cardiac autoantibodies
and inflammatory cytokines obtained from baseline to day 6/7
as well as after 6, 12, and 24 months

o Changes in serum levels of IgG, IgA, IgM and IgG3 from
baseline to treatment day 1 to 5 (twice every day: before
treatment and within 1 h after treatment), day 6/7 and month
6,12 and 24

e Changes in serum levels of specific cardiac autoantibodies
from baseline to treatment day 5 (within 1 h after treatment)
as well as after 6, 12, and 24 months

o Changes in LVEF from baseline to 12 and 24 months

o Changes in end-diastolic and end-systolic volume index
assessed by MRI at baseline and after 6, 12, and 24 months
(optional)

o Changes in LV end-systolic and end-diastolic diameters, as
assessed by contrast echocardiography at baseline and after 6,
12, and 24 months

o Impact of concomitant drug treatment at baseline and of its
changes during follow-up

HLA, human leucocyte antigen; IA/IgG, immunoadsorption with subsequent IgG
substitution; 1gG/G3/A/M, immunoglobulin G/G3/A/M; LY, left ventricular; LVEF,
left ventricular ejection fraction; MRI, magnetic resonance imaging.

percentages, and has been based on intervention studies with
follow-up of more than 6 months.''3 A clinically significant ejec-
tion fraction difference of 0.045 is deemed relevant. Although
no study had a follow-up of 6 months or more for the con-
trast echocardiography method when this study was designed,
extrapolations from studies using common echocardiography
measurements suggest a probable standard deviation of ejection
fraction differences close to 0.092. With an alpha value of 0.05
and a power of 90%, the sample size suggests 180 participants.
To accommodate loss to follow-up (less than 5%) and a blinded
interim analysis after enrolment of 50% of the planned patients, a
sample size of 200 has been chosen.

All patients randomized into the study will be included in the
intention-to-treat analysis set (ITT). The analysis of the primary
endpoint will be the Fisher permutation test of two independent
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Screening Baseline Intervention  Follow-up
Day -14 to 0 Day 1-5/6-7 Month 1 Month 6 Month 12 Month 24
Month 3

|
2| 1A 5 s
o] x IA + IgG-substitution
N | (n=100)
%
5 [ Controls 5 pseudo-IA + -Pseudo-substiution
S | (=100) .
--------------------- N R
|
|
v v v v v v
Study examinations
Clinical status, weight vital signs | u ] [ ] ]
Chest X-ray u
12-lead ECG ] ] | [ | [ |
ICD/pacemaker readout ] u ] |
Contrast echocardiography u ] ] ]
Cardiopulmonary exercise testing u | [ | |
Quality of life (MLHFQ) [ | [ | [ | [
Blood sampling (routine/local) u ] u ] ]
Biobanking u W2
Laboratory analyses (core lab)
1gG, 19G3, IgA, IgM ] 2 ] [ ] [ ]
Central laboratory panels m4 u [ ] [ ]
Endomyocardial biopsy! O O
MRI O O O O
Adverse events u (A | u |
Endpoint (%] u ] [ ]

W =mandatory [ =optional & = phone interview

1=including DNA storage 2 = twice daily 3 immediately after IA/pseudo IA, but before IgG/placebo substitution 4 after IgG/placebo substitution

5 Laboratory parameters measured in the core lab: Cystatin-C, IL-6, creatinine, sodium, nt-pro-BNP, hs-troponin-I, hs-CRP

Figure 2 Study flow-chart. Overview of the study design, study visits and study measures in both study groups. CRP, C-reactive protein; ECG,
electrocardiogram; hs, high-sensitivity; IA, immunoadsorption; ICD, implantable cardiac defibrillator; IgG/G3/A/M, immunoglobulin G/G3/A/M;
IL-6, interleukin-6; MLHFQ, Minnesota Living with Heart Failure Questionnaire; MRI, magnetic resonance imaging; NT-proBNP, N-terminal

pro-B-type natriuretic peptide.

groups. The final two-tailed test compares the ejection fraction
change for IA/IgG to controls using all 200 patients, 100 in each
group (alpha value 0.05, power >90%). For evaluation of the
secondary objectives conventional statistical analyses will be used
together with Cox proportional hazards model for time to event
variables.

Study status

The first patient was randomized successfully into the study in
November 2008. In the further course of the study, there were
several delays in recruitment and temporary recruitment stops
due to various reasons. Ultimately, recruitment was terminated
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at the end of 2018 by decision of the sponsor. At this timepoint,
171 randomized patients were available for analysis. According
to the biostatisticians of this study, this number allowed a valid
analysis of the primary endpoint. The last 24-month follow-up was
completed in August 2021. The data are currently being analysed.

Discussion

Rationale of the study — The potential
role of humoral immunity in dilated
cardiomyopathy

Cardiac autoantibodies may play an active role in the pathogene-
sis of DCM by triggering the disease process rendering them as
a treatment target. In vitro data indicate an adverse effect on car-
diac performance for some antibodies. Cytotoxic autoantibodies
against the ADP/ATP carrier cross-react with the calcium channel
of cardiomyocytes in myocarditis and DCM." In patients with clini-
cally suspected or EMB proven myocarditis high-titre organ-specific
anti-heart and anti-intercalated disk autoantibodies are indepen-
dent predictors of death or HTx."> Purified antibodies obtained
from DCM patients induce a negative inotropic effect in isolated
rat cardiomyocytes by decreasing the calcium transients.'®'” Immu-
nization of rodents against peptides derived from cardiovascular
G-protein receptors induces morphological changes of myocar-
dial tissue resembling DCM.'® Furthermore, recent data have pro-
vided evidence that antibodies against the p-receptor itself trigger
DCM. Rats immunized against the second extracellular loop of
cardiac p-receptors develop progressive LV dilatation and dysfunc-
tion. Interestingly, sera transferred from these immunized animals
to unsensitized rats induced the similar cardiomyopathic pheno-
type, thus demonstrating the pathogenic potential of a particular
antibody for development of DCM.' In addition, further models
were able to support the hypothesis that autoantibodies contribute
to the development and progression of DCM. For example, it has
been shown that mice deficient in the programmed cell death-1
immunoinhibitory co-receptor develop autoimmune DCM with
production of high-titre circulating IgG autoantibodies, identified
as cardiac troponin 1.2

Also clinically important is the observation that the detection
of organ-specific autoantibodies against the heart in asymptomatic
relatives of DCM patients, both familial and non-familial cases, is
an independent predictor of DCM progression during a 5-year
follow-up.?!

If cardiac antibodies are indeed impairing cardiac function,
their removal should lead to an improvement in haemodynamic
status and functional parameters in DCM patients. Cardiac anti-
bodies, found in the IgG fraction, can be removed through IA
therapy. Indeed, pilot studies have shown that |A improves cardiac
function and symptoms in patients with DCM and advanced HFE
After an initial uncontrolled pilot study had shown acute positive
haemodynamic effects of IA with anti-IgG columns in patients
with severe HF due to DCM,’ this therapeutic principle, followed
by immunoglobulin G substitution for safety reasons (IA/IgG),
was investigated in a randomized study in 18 patients with DCM
(NYHA class 1lI-IV, LVEF <30%).22 In contrast to controls, a

significant increase in cardiac index was found in the IA/IgG group
after 3 months. We could also show that IA/IgG therapy mitigates
the inflammatory process in the myocardium of DCM patients.??
In a study conducted by other researchers using a case—control
design, it was demonstrated that performing IA once over five
consecutive days, without subsequent IgG substitution, resulted
in a similarly significant enhancement in LV systolic function
compared to the control group that did not receive 1A therapy.2*

Additional evidence suggests that the cardiac effects of IA ther-
apy such as an increased cardiac index and LVEF are linked to the
removal of cardiodepressant antibodies.'®'” Therefore, identifying
these antibodies in the plasma of DCM patients with advanced
HF before IA treatment can effectively predict haemodynamic
enhancement after 1A therapy.'” It has also been shown that
these cardiodepressant antibodies belong to the IgG-3 subclass.?’
Accordingly, removal of antibodies of the IgG-3 subclass may rep-
resent an essential mechanism in IA therapy of DCM.%® Further
prediction of the efficacy of IA may be obtained by the analysis
gene expression patterns in EMBs of DCM patients.?® Based on the
experimental and clinical data on the role of cardiac antibodies in
DCM, this study will examine whether |A/IgG has an impact on LV
function in with DCM. In particular, we will also investigate whether
the detection of cardiac-specific autoantibodies at baseline has an
impact on the therapeutic effect of IA in DCM.

Trial population

Dilated cardiomyopathy is not restricted to younger patients as
cardiomyopathies can present at any age and can affect individuals
and families across the entire life course.” A broad range of up
to 70years was therefore selected as the inclusion criterion. The
lower limit for the duration of HF symptoms of 0.5years takes
into account the data of the IMAC trial where patients with
recent-onset DCM were included.”® In this study, recent-onset
DCM was characterized as DCM with no more than 6 months of
cardiac symptoms at the time of randomization. This study clearly
showed a high rate of spontaneous recovery of LV function in
the whole study cohort with equal improvement of LVEF in the
intervention and control group.

Rationale for intervention with a
placebo-controlled protein A adsorption
in one course

This study investigates the effects of IA/IgG in DCM patients using a
placebo-controlled, double-blind design in which the control group
undergoes pseudo-IA, that is plasmapheresis without passage of the
plasma through adsorption columns. Both protein A and anti-IgG
columns are approved for IA in Europe. We will use protein
A columns synthesized by bacteria, which are not associated
with side effects associated with mammalian antibodies, unlike
anti-I|gG Sepharose, which is obtained from immunized sheep.
While anti-IgG Sepharose eliminates all IgG subclasses, including
1gG-3, protein A selectively binds to human IgG-1, -2, -4 and
has a lower affinity for 1gG-3. However, a previous study could
demonstrate that optimizing the treatment regime by prolonging
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IA sessions and reducing protein column loading volume enhances
IgG-3 removal with protein A and leads to significant acute and
sustained haemodynamic improvement in advanced DCM patients
with HF, comparable to the use of IgG columns.?” For the treatment
of autoimmune diseases |A or plasmapheresis is usually repeated
at regular intervals. For DCM, however, case-controlled and a
prospective open-controlled study confirmed that an |A treatment
in one course over five consecutive days leads to a similarly
effective improvement in LVEF as repeated IA treatments.?

Endpoints and exploratory analyses

Small randomized studies show that IA/IgG provides favourable
effects on cardiac function of DCM patients as assessed by cardiac
output or LVEF as a surrogate of outcome, particularly those with
severe HF22232728 However, confirmation through a larger ran-
domized, prospective, placebo-controlled, and double-blind mul-
ticentre study is needed to assess the short-term as well as the
long-term effects of IA/IgG on LV function. There is an ongoing
debate as to which parameter is the best to assess LV function.
LVEF reliably measures both LV function and structure and remains
the best method for assessment of the ventricular phenotype and
most HF studies still use LVEF as the inclusion criterion.?’ The
objective of this study is to investigate whether IA/IgG improves
LVEF as proxy of LV systolic function as compared to controls
from baseline to 6 months with follow-up measurements at 12 and
24 months and the primary endpoint is the change in LVEF from
baseline to 6 months determined by contrast echocardiography.
In addition, changes in LV end-systolic and end-diastolic volumes
will be used as parameters for LV remodelling.® Therefore, LV
end-systolic volume index and LV end-diastolic volume index will
be analysed as secondary endpoints over the entire study period
to assess whether |A/IgG influences LV remodelling.

A multicentre study confirmed that contrast-enhanced echocar-
diography offers comparable accuracy and less variability than mag-
netic resonance imaging for assessing global LV systolic function and
volumes.?" It also provides significantly lower variability than unen-
hanced echocardiography, making it suitable for comparing baseline
and follow-up studies in large multicentre trials due to its wide avail-
ability, affordability, and accuracy. The main secondary endpoint is a
composite of all-cause death, cardiac resuscitation, hospitalization
for HF, and cardiac surgery to improve myocardial pump function
at 24 months.

Exploratory analyses will characterize patient-specific factors
predicting response to |A/IgG treatment. We will furthermore anal-
yse clinical data including symptom duration, age, sex, and con-
comitant HF medications. This study will also use the subgroup
with optional myocardial biopsies to investigate whether patients
with or without viral persistence as well as patients with or without
immunohistochemical evidence of myocardial inflammation indi-
cating persistent immune system activation respond differently to
IA/IgG therapy. We will explore whether parameters of systemic
inflammation at baseline such as high-sensitivity C-reactive protein
associate with changes in LV function after intervention. Finally, the
genetic background for possible correlations with the response to
treatment on an exploratory basis will be assessed.®

Conclusion

The IASO-DCM trial will provide insights on the effects of
immunoadsorption with subsequent IgG substitution on LV systolic
function and remodelling in patients with DCM based on a random-
ized placebo-controlled design. Moreover, potential predictors for
the individual response to this treatment will be evaluated.

Acknowledgements

We acknowledge the contribution of Prof G. Baumann (Charité,
Berlin), who made a major contribution to the design and conduct
of this study and was a member of the steering committee. Prof.
Baumann passed away before this manuscript was written. Open
Access funding enabled and organized by Projekt DEAL.

Funding

This work was supported by Krupp von Bohlen und Halbach-Foundation
(Essen, Germany), ENDI-Foundation (Bad Homburg, Germany), Fresenius
Medical Care GmbH (Bad Homburg Germany), Bristol-Myers Squibb (New
York City, NY, USA), Octapharm AG (Lachen, Switzerland), and the
German Centre for Cardiovascular Research (DZHK).

Conflict of interest: M.D. is supported by the German Centre for Car-
diovascular Research (DZHK) Fresenius Medical Care. M.B. is supported
by the Deutsche Forschungsgemeinschaft (German Research Foundation;
TTR 219, project number 322900939) and reports speakers honoraria
from Abbott, Amgen, AstraZeneca, Bayer, Boehringer Ingelheim, Cytoki-
netics, Medtronic, Novartis, Servier, and Vifor. M.N. is supported by the
German Federal Ministry of Education and Research, the German Society
for Clinical Chemistry and Laboratory Medicine and reports personal fees
for lectures or travel expenses from Novartis, Amgen, Becton Dickson,
Synlab Academy, Messe Disseldorf, Interdisziplinaire Gruppe fiir Labor
und Durchflusszytometrie, Berufsverband der Arzte fiir Mikrobiologie,
Virologie und Infektionsepidemiologie, Roche Diagnostics, Lilly, and Novo
Nordisk. K.W. is chairman of the Heart Failure Think Tank (Novartis)
with personal payment for two sessions/year. S.B.F. is supported by the
German Centre for Cardiovascular Research (DZHK) and reports speaker
honoraria from AstraZeneca, Bayer, Novartis, and Pfizer. All other authors
have nothing to disclose.

Appendix
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