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Abstract

Immunoadsorption is well known to selectively remove immunoglobulins and

immune complexes from plasma and is applied in a variety of autoimmune dis-

eases and for desensitization before, or at acute rejection after organ transplanta-

tion. Performance, safety, and clinical effectiveness of immunoadsorption were the

aim of this study. This prospective, noninterventional, multicentre cohort study

included patients treated with immunoadsorption (Immunosorba or GLOBAFFIN

adsorbers) for any indication. Clinical effectiveness was assessed after termination

of the patient's individual treatment schedule. Eighty-one patients were included,

69 were treated with Immunosorba, 11 with GLOBAFFIN, one patient with both

adsorbers. A majority of patients was treated for neurological indications, dilated

cardiomyopathy, and before or after kidney or heart transplantation. Mean IgG

reduction from pre- to post-treatment was 69.9% ± 11.5% for Immunosorba and

74.1% ± 5.0% for GLOBAFFIN, respectively. The overall IgG reduction over a com-

plete treatment block was 68%–93% with Immunosorba and 62%–90% with

GLOBAFFIN depending on the duration of the overall treatment. After termina-

tion of the immunoadsorption therapy, an improvement of clinical status was

observed in 63.0%, stabilization of symptoms in 29.6%, and a deterioration in 4.9%

of patients. Changes in fibrinogen, thrombocytes, and albumin were mostly classi-

fied as noncritical. Overall, the treatments were well tolerated. Immunoadsorption

in routine clinical practice with both GLOBAFFIN and Immunosorba has been

safely performed, was well tolerated by patients, and effective in lowering immuno-

globulins with an improvement or maintenance of clinical status, thus represents

an additional therapeutic option for therapy refractory immune disorders.
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1 | INTRODUCTION

Immunoadsorption, also known as immunoapheresis, is
an adsorptive procedure in an extracorporeal circuit to
remove circulating antibodies and antibody complexes
from the blood of patients with different immune disor-
ders or rejection reactions [1].

Autoimmune diseases are conditions in which
immune responses are directed toward endogenous cells,
tissues, and antigens. Formation of antibodies against the
body's own tissue may affect nearly all organ systems.

In organ transplantation, the immune system recog-
nizes the transplanted organ as foreign tissue, and the
resulting inflammation associated with a rejection reac-
tion can lead to the loss of the transplanted organ.

Immunoadsorption, in contrast to nonspecific plasma
exchange, offers the advantage of specificity, that is, only
antibodies and immune complexes are removed and
other important plasma constituents, for example, albu-
min and coagulation factors remain with the patient. An
accompanying substitution with plasma or colloidal solu-
tions is thus not required. This allows larger plasma vol-
umes to be treated than with plasma exchange,
enhancing reduction rates of IgG antibodies or autoanti-
bodies and immune complexes [2], with a low rate of side
effects [3].

Immunoadsorption is considered as a therapeutic
option in a wide variety of autoimmune diseases and for
desensitization before organ transplantation or at acute
antibody mediated rejection [4–7]. It is indicated in all
diseases in which circulating, disease-causing immune
factors have been identified to be involved in the onset
and progression of the disease. Usually, the procedure
is applied in patients in whom other conventional
therapies, such as pharmacological therapies, are not
successful [7].

Clinical experience on immunoadsorption in some
rare autoimmune diseases is still based on case reports
only. Large, prospective, randomized trials are lacking for
most indications, since low frequency of patients in such
indications prevent adequately powered studies [1].
Other reasons are the different severity of the disease in
patients, inconsistent treatment regimens, the high cost
of treatment associated with the often unresolved reim-
bursement in the respective health care system. Placebo-
controlled trials for efficacy are hardly possible, since in
seriously ill patients a control (sham) treatment is ethi-
cally not acceptable [8].

Nevertheless, more documented clinical data on indi-
cations and clinical effectiveness of immunoadsorption
has been requested for years by many stakeholders,
among those clinicians and regulatory bodies. Accord-
ingly, the noninterventional study described in the

following has been designed to examine current clinical
practice of immunoadsorption with the Immunosorba
and GLOBAFFIN systems (Fresenius Medical Care, Bad
Homburg, Germany) in view of the range of treated indi-
cations, of clinical performance, clinical effectiveness,
and safety of the procedure.

2 | PATIENTS AND METHODS

2.1 | Study objectives

The objectives of this noninterventional study were per-
formance in terms of the capability of the adsorbers
Immunosorba and GLOBAFFIN (Fresenius Medical
Care) to reduce immunoglobulins (IgG, IgM, IgA), clini-
cal effectiveness, and safety and tolerability of the inter-
vention in clinical application.

2.2 | Study design

This study was a prospective, noncomparative, non-
interventional, multicenter cohort study, performed
between July 2013 and April 2018 in six German tertiary
care hospitals or centers specialized in extracorporeal
therapies.

Clinical and treatment-related data were collected
from patients eligible for the study based on inclusion
and exclusion criteria over a maximum period of
24 months after first treatment with the Immunosorba
or GLOBAFFIN system. Assignment of patients to the
immunoadsorption system and treatment regimens
followed clinical practice established in the participating
hospitals.

2.3 | Patients

Adult patients, able to give informed consent with any
indication for immunoadsorption, who were scheduled
to be treated with the Immunosorba or GLOBAFFIN
adsorber were eligible to be recruited in the study.

2.4 | Immunoadsorption treatments and
documented parameters

Immunoadsorption treatments included plasma separa-
tion by centrifugation or plasma filtration, according to
centre practice. Anticoagulation followed usual and
patient-adjusted practice by heparin, citrate (acid-citrate-
dextrose, ACD-A solution), or a combination of both. The

230 FUCHS ET AL.



immunoadsorption procedure involved with both sys-
tems a pair of adsorbers, which were alternately used
while the other one was being regenerated. Assign-
ment of patients to the Immunosorba or the
GLOBAFFIN system, frequency and overall duration
of the immunoadsorption therapy was performed
according to the physician's judgment, based exclu-
sively on medical criteria. The adsorber pair was
reused within the same patient until completion of the
planned treatment regimen or insufficient IgG lower-
ing. Patients were allowed to switch the adsorber type
if necessary. Depending on the indication, the
immunoadsorption therapy included one to several
apheresis cycles per patient, each with three or more
apheresis treatments.

Demographic, clinical, laboratory, and treatment
parameters were collected at enrolment in the study and/or
pre- and post-treatment according to availability given by
the clinical routine of the respective centers. Plasma volume
was calculated with the formula by Retzlaff et al. [9], modi-
fied by Sprenger et al. [10] Laboratory analysis was per-
formed following usual methods in the hospitals'
laboratories. Performance of the immunoadsorption system
was assessed through pre- to post-treatment reduction rates
of IgG and for specificity of IgA and IgM. After termina-
tion of the last immunoadsorption session of the respec-
tive treatment regimen, clinical effectiveness of the
treatment was evaluated by the attending physician or
referral specialist in view of improvement, stabilization,
or deterioration of the clinical status based on disease
specific criteria. Where appropriate, patient follow-up
was assessed for up to 2 years with disease specific
scores namely the van-der-Meché score in Guillain-
Barré syndrome (GBS) [11], the Barthel Index (BI), [12]
and the modified Rankin scale (MRS) [13] in autoim-
mune encephalitis.

Safety and tolerability of the immunoadsorption treat-
ments was assessed based on pre- and post-treatment lab-
oratory parameters, and documentation of adverse device
effects (ADEs).

2.5 | Ethical considerations

Within the study only CE-certified products were used.
The study and related documents were approved by inde-
pendent ethics committees at the study sites. Patients
were enrolled in the study after having given informed
consent in writing. The study was executed in compli-
ance with the Declaration of Helsinki in the version
applicable at the time the study was conducted.

The study was registered at Deutsches Register
Klinische Studien (DRKS) under the ID DRKS00005097.

2.6 | Statistical analysis

No formal sample size estimation was performed. In
order to reflect the average frequency of patients with
indications for immunoadsorption in the participating
centers within a certain time period and approximately
the proportion of use of the two adsorbers in clinical
practice, 50 patients treated with Immunosorba and
30 patients treated with GLOBAFFIN should be
included.

All data were analyzed descriptively. Dichotomous
and categorical variables are given as absolute numbers
and relative frequencies, continuous variables as mean
± SD, or median (range) as appropriate.

Following the noninterventional nature of the study,
all patients with at least one documented apheresis treat-
ment were included in the analysis population, which
was used for all performance, clinical effectiveness, and
safety analyses.

To assess the applied treatment patterns and their
potential impact on treatment success, the treatment
schedules were categorized according to overall treat-
ment duration (regimen 1: <5 days, regimen 2: 6–
10 days, regimen 3: 11–40 days, regimen 4: >40 days).

Statistical significance of changes of laboratory
parameters was tested with the Wilcoxon-Mann–Whit-
ney-Test.

All analyses were performed with SAS V9.4 (SAS
Institute, Inc.).

3 | RESULTS

3.1 | Study population

A total of 81 patients scheduled for treatment with
immunoadsorption for various indications were recruited
in six centers, in 69 patients the Immunosorba, in
11 patients the GLOBAFFIN system was used. In one
patient, both systems were applied consecutively. Of
note, the GLOBAFFIN system was used in one of the six
centers only.

Patients were in average 51 years old, 53% were male
(Table 1). The majority of patients was treated for neuro-
logical indications, most frequently for multiple sclerosis
(N = 17), myasthenia gravis (N = 10), autoimmune
encephalitis (N = 9), and inflammatory polyneuropathies
(N = 8). Further, immunoadsorption was applied for
desensitization before transplantation or at acute graft
rejection (N = 8). Also dilated cardiomyopathy (DCM)
was treated in a significant number of patients (N = 8).
Twenty-one patients were treated for further neurological
or other indications (Table 2).
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3.2 | Treatment patterns of
immunoadsorption

In total, 443 Immunosorba and 156 GLOBAFFIN treat-
ments were documented in this study (Table 3). In the
entire study population, patients received between 2 and
50 (median 5) immunoadsorption treatments, which
were distributed over a period of between 2 days and
2 years, with a median of 6 days. The majority of patients
were treated with treatment schedules including less
than 10 treatments, only in single cases higher number of
sessions were performed (Figure 1). The most homoge-
neous treatment patterns were reported for patients with
DCM (all eight patients received 3–5 treatments within
5 days), multiple sclerosis (14 of 17 patients received 3–5
treatments within 3–9 days), and myasthenia gravis (8 of
10 patients received 3–5 treatments within 3–6 days). Of
all 81 patients in the study population, 12 received 10 or
more treatments, of which 7 even received 20 or more
treatments.

Most of the patients (48.1%) received treatments
within 5 days and could be allocated to treatment regi-
men 1. The remaining patients were allocated equally to
regimen 2 (6–10 days), regimen 3 (11–40 days), and regi-
men 4 (>40 days) with 13.6%, 18.5%, and 19.8%, respec-
tively (Table S1). Even within the same indication,
different treatment regimens were applied (Table S2).

Vascular access for the immunoadsorption was in the
majority of treatments via peripheral veno-venous or central
venous access (Table 3). Plasma separation was performed
predominantly by centrifugation (91.4%), only in single cases
plasmafiltration was applied (8.6%). In average 2.2 plasma
volumes were treated per session, with slightly higher values
in the cohort being treated with Immunosorba than in that
treated with GLOBAFFIN. This was achieved in an average
duration of the immunoadsorption session of 261
± 52 min, ranging from 126 to 348 min (Table 3). The
introduction of a new pair of adsorbers in patients on
long treatment regimens was at the discretion of the
treating physician and was usually based on a reduced
lowering of IgG.Anticoagulation was mostly performed
with citrate (ACD-A-solution), or with both, ACD-A
and heparin in one treatment. Only in few cases, hepa-
rin alone, or alternating ACD-A and heparin, was used.

Citrate was applied in a ratio relative to plasma flow
between 1:75 and 1:10. No IgG substitution after the
immunoadsorption sessions was reported.

3.3 | Performance of immunoadsorption

In total, IgG levels pre- and post-treatment were docu-
mented in 230 treatments in 29 patients for Immuno-
sorba and in 143 treatments in 12 patients for
GLOBAFFIN. The mean relative reduction (RR) of IgG
achieved by treatment was 69.9% ± 11.5% for Immuno-
sorba with in average a 1.9-fold treated plasma volume
and 74.1% ± 5.0% for GLOBAFFIN with in average a
2.0-fold treated plasma volume (Figure 2). In 77.7% of
these treatments, the RR of IgG was ≥60% (67.4% with
Immunosorba and 91.6% with GLOBAFFIN, respec-
tively). In the treatments with RR of IgG < 60%, a devia-
tion between prescribed and treated plasma volume of
more than 10% occurred in 36.8% of treatments, which
was significantly different to the frequency among treat-
ments achieving a RR of IgG of ≥60% (23.4%, p = 0.014).
Reasons for this deviation between prescribed and treated
plasma volume were mostly either medical or technical
complications.

In a few cases with repeated treatments over a longer
period of time, low reduction rates were observed preced-
ing the introduction of a new adsorber pair.

After the immunoadsorption treatment a partial
recovery of IgG plasma concentration occurs and
plasma IgG concentrations are reduced stepwise over
the entire treatment cycle as shown exemplary in the
group of patients with DCM, who were treated rela-
tively uniformly three to five times within 5 days
(Figure 3). Consequently, the overall reduction of IgG
over all applied treatments is higher than for the indi-
vidual treatment. It ranged from 68% to 93% with
Immunosorba and from 83% to 90% with GLOBAFFIN
(Table S3).

Patients within therapy regimen 1, who are treated
on consecutive days within 5 days showed higher overall
RR rates of IgG (RR of 91.8% for Immunosorba) than
patients in treatment regime 4 (RR of 67.8% for Immuno-
sorba and 83.1% for GLOBAFFIN), who were treated over
a longer time period and longer intervals between treat-
ments or treatment cycles.

The immunoglobulins IgM and IgA also adsorb to the
immunoadsorbers but to a markedly lower extent than
IgG. The mean RR of IgM from pre- to post-treatment
was 13.4% ± 8.6% for Immunosorba and 19.4% ± 5.8% for
GLOBAFFIN (Figure 2). The mean RR of IgA from pre-
to post-treatment was 14.0% ± 7.1% for Immunosorba
and 15.6% ± 4.1% for GLOBAFFIN (Figure 2).

TABLE 1 Patient characteristics at study enrolment

All patients
N = 81

Immunosorba
N = 70

GLOBAFFIN
N = 12

Age (years) 51.0 ± 15.6 50.4 ± 15.1 55.0 ± 18.6

Gender (% male) 53 56 33

Body weight (kg) 78.8 ± 17.5 78.4 ± 15.5 81.2 ± 26.6
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3.4 | Clinical effectiveness of
immunoadsorption

The assessment of clinical effectiveness was performed by
the treating specialist after completion of the patient's last
immunoadsorption treatment. Overall, in 63.0% of
patients an improvement of clinical status was observed,
no change in 29.6% and a deterioration in 4.9% of the
patients (Table 4).

3.4.1 | Multiple sclerosis

In patients being treated for multiple sclerosis, 94%
showed clinical improvements after completion of the
immunoadsorption cycles. Nine patients showed motor
improvements of various type, seven patients in visual
acuity and/or eyesight (Table S2). One patient showed no
change in the clinical status, no patient showed any
deterioration.

TABLE 2 Indications treated with immunoadsorption (by adsorber)

All patients N = 81 Immunosorba N = 70 GLOBAFFIN N = 12

Indications for immunoadsorption
No. of
patients

No. of treatments
by patient, range

No. of
patients

No. of treatments
by patient, range

No. of
patients

No. of
treatments
by patient,
range

Neurological indications

Multiple sclerosis 17 2–12 15 2–12 2 7–8

Myasthenia gravis 10 3–18 10 3–18

Autoimmune encephalitis 9 3–20 6 3–7 3 10–20

Inflammatory polyneuropathies 8 2–50 7 2–50 1 25

Optic neuritisa 4 4–29 3 4–6 2 16–29

Stiff-Person syndrome 4 3–12 4 3–12

Guillain-Barré syndrome 3 6–32 1 32 2 6–8

Idiopathic inflammatory myopathies 2 4–20 2 4–20

Lambert-Eaton syndrome 1 3 1 3

Morvan syndrome 1 4 1 4

Myelitis (unknown etiology) 1 7 — 1 7

Suspected autoimmune cerebellar
ataxia differential diagnosis
spinocerebellar ataxia

1 5 1 5

Systemic cerebral arthritis and
collagenosis

1 9 1 9

Transplantation

Acute humoral rejection (heart
transplantation)

3 6–9 3 6–9

Acute humoral rejection (kidney
transplantation)

2 7–8 2 7–8

AB0-incompatibility (transplantation) 2 3–6 2 3–6

Human leukocyte antigen (HLA)
immunization (heart transplantation)

1 4 1 4

Cardiovascular indications

Dilated cardiomyopathy 8 3–5 8 3–5

Suspected thromboangiitis obliterans 1 5 1 5

Other indications

Diabetes Type 1 with insulin
alloantibodies

1 3 1 3

Pemphigus foliaceus 1 3 1 3

aOne patient with optic neuritis was treated consecutively with both adsorbers and is therefore included in both subgroups.
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3.4.2 | Myasthenia gravis

From the patients treated for myasthenia gravis, 80%
showed clinical improvements after completion of the
immunoadsorption cycles. The extent of paresis improved

in three patients, in five patients symptoms of dysphagia,
dyspnea, and dysarthria improved. On the other hand,
there were also two patients showing deteriorations of
these symptoms together with double images and/or pto-
sis (Table S2).

TABLE 3 Treatment parameters

All patients N = 81 Immunosorba N = 70 GLOBAFFIN N = 12

Number of treatments 599 443 156

No. of treatments/patient, median (range) 5 (2–50) 5 (2–50) 9.5 (6–29)

Duration of treatment (first to last IA session, days),
median (range)

6 (2–715) 5 (2–711) 26 (14–715)

Method of plasma separation

Plasma filtration (%) 8.6 10.0 0

Centrifugation (%) 91.4 90.0 100.0

Vascular access (% of treatments)

Peripheral veno-venous 37.4 22.6 79.5

Central venous 42.2 49.9 20.5

Femoral vein 6.0 8.1 —

Arteriovenous fistula/shunt 13.2 17.8 —

Other 1.2 1.6 —

Treatment duration (min), mean ± SD (range) 261 ± 52 (126–348) 262 ± 54 (126–348) 253 ± 41 (199–315)

Processed plasma volume per treatment (multiple of
patient's plasma volume)

2.21 ± 0.54 2.26 ± 0.54 1.88 ± 0.36

Anticoagulation (%)

Citrate (ACD-A) 57 60 42

Heparin 5 6 0

ACD-A + heparin 32 33 25

ACD-A, heparin alternating 6 1 33

Abbreviations: ACD-A, acid-citrate-dextrose solution; IA, immunoadsorption.

FIGURE 1 Distribution of

immunoadsorption treatment frequency
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3.4.3 | Autoimmune encephalitis

In patients with autoimmune encephalitis, two out of nine
patients showed improvements of cognitive abilities and
gait disorders. In six patients, no change was observed,
indicating a maintenance of the clinical status with no
worsening of the symptoms and one patient showed dete-
rioration of the clinical status in terms of motor activity
and incontinence (Table S2). The BI and MRS were deter-
mined in six and five patients, respectively, after

termination of the treatment cycle and 6 and 12 months
later (Table S4). The clinical assessment was confirmed
with both indices except in one patient showing an
improvement of clinical status directly after
immunoadsorption, who did not show changes of BI over
the 1-year follow-up.

3.4.4 | Inflammatory polyneuropathies

Four out of eight patients treated for inflammatory
polyneuropathies improved in terms of motor function,
sensitivity, or walking capacity. The other four patients
showed no change of clinical status (Table S2).

3.4.5 | Guillain-Barré syndrome

In the three patients with GBS, two patients showed
improvements of clinical status after completion of the
immunoadsorption cycles in terms of gait disorders and
paraparesis of the lower extremities, and one patient was
unchanged (Table S2). Accordingly, the van-der-Meché-
Score improved in two patients from 4 and 5 points to
1 point each after 6 months and was unchanged in one
patient (Table S5).

3.4.6 | Dilated cardiomyopathy

After completion of the immunoadsorption cycles, three
out of the eight patients with DCM showed a clinical
improvement in terms of physical capacity, New York
Heart Association (NYHA) status, or left ventricular
function, whereas four showed no change and one a dete-
rioration of clinical status, as a left ventricular assist
device had to be implanted (Table S2). During the follow-
up period of up to 1 year, the NYHA status and the left
ventricular ejection fraction (LVEF) improved and wors-
ened in two patients each. In the other four patients, no
change of NYHA status and either no change of LVEF or
variable values were observed (Table S6).

3.4.7 | Transplantation

Eight patients were treated before heart or kidney transplan-
tation for desensitization or at onset of acute graft rejection.
Two patients with AB0 incompatibility received successfully
a kidney transplant. Parallel to a negative antibody titer,
plasma creatinine decreased and glomerular filtration rate
(GFR) recovered 3 and 12 months after apheresis treatment
and transplantation (Tables S2 and S7).

FIGURE 2 Mean relative reduction of IgG, IgA, and IgM with

Immunosorba and GLOBAFFIN of patient averages of suited

treatments. The plots show the interquartile range (IQR; box),

mean (square), median (line), minimum and maximum value

within the IQR ± 1.5 IQR (whiskers), and outliers (circles)

FIGURE 3 Course of IgG from first to fifth treatment in the

patient group with dilated cardiomyopathy. The plots show the

interquartile range (IQR; box), mean (square),median (line),

minimum and maximum value within the IQR ± 1.5 IQR

(whiskers), and outliers (circles)
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Of two patients with acute humoral rejection after
kidney transplantation, one patient's kidney function was
unchanged directly after apheresis and deteriorated
slightly after 3 and 12 months, whereas the other patient
showed an improvement of kidney function in terms of
plasma creatinine and GFR at Month 3, but a worsening
at Month 12 (Tables S2 and S8).

Stabilization of cardiopulmonary condition or
pump power was recorded for the three patients
treated for acute humoral rejection after heart trans-
plantation (Table S2). One further patient scheduled
to be treated for HLA immunization before heart
transplantation could not be assessed, since an infec-
tion precluded the execution of organ transplantation
(Table 4).

3.5 | Safety and tolerability

From the study population of 81 patients, 36 patients
experienced a total of 143 ADEs. Out of 443 Immunosorba
treatments 17%, and out of 156 GLOBAFFIN treatments
18% of sessions were affected by an ADE in this study
(Table 5), indicating a similar safety profile of both
adsorbers. In the Immunosorba cohort, hypocalcemia
(N = 14; 20%) and hypokalemia (N = 12; 17.1%) was
occurring in the highest percentage of patients. Hypocal-
cemia was observed in 6.6%, and hypokalemia in 7.9% of
treatments (Table S9).

In the GLOBAFFIN cohort, hypercalcemia (N = 4;
33% of all patients) was, with 8.3% of treatments, the
most frequently observed ADEs (Table S9).

TABLE 4 Clinical effectiveness (improvement/no change/deterioration) by indication; clinical outcome assessment by patient after

termination of individual immunoadsorption treatment schedule

Indication N IMP NC DET NA

Neurological indications

Multiple sclerosis 17 16 (94.1%) 1 (5.9%) — —

Myasthenia gravis 10 8 (80%) — 2 (20%) —

Autoimmune encephalitis 9 2 (22.2%) 6 (66.7%) 1 (11.1%) —

Inflammatory polyneuropathies 8 4 (50%) 4 (50%) — —

Optic neuritis 4 3 (75%) 1 (25%) — —

Stiff-Person syndrome 4 — 3 (75%) — 1 (25%)

Guillain-Barré syndrome 3 2 (66.7%) 1 (33.3%) — —

Idiopathic inflammatory myopathies 2 1 (50%) 1 (50%) — —

Lambert-Eaton syndrome 1 — 1 (100%) — —

Morvan syndrome 1 1 (100%) — — —

Myelitis (unknown etiology) 1 1 (100%) — — —

Suspected autoimmune cerebellar ataxia differential
diagnosis spinocerebellar ataxia

1 — 1 (100%) — —

Systemic cerebral arthritis and collagenosis 1 1 (100%) — — —

Transplantation

Acute humoral rejection (heart transplantation) 3 3 (100%) — — —

Acute humoral rejection (kidney transplantation) 2 1 (50%) 1 (50%) — —

AB0 incompatibility (transplantation) 2 2 (100%) — — —

Human leukocyte antigen (HLA) immunization
(heart transplantation)

1 — — — 1 (100%)

Cardiovascular indications

Dilated cardiomyopathy 8 3 (37.5%) 4 (50%) 1 (12.5%) —

Suspected thromboangiitis obliterans 1 1 (100%) — — —

Other indications

Diabetes Type 1 with insulin alloantibodies 1 1 (100%) — — —

Pemphigus foliaceus 1 1 (100%) — — —

All patients 81 51 (63%) 24 (29.6%) 4 (4.9%) 2 (2.5%)

Abbreviations: DET, deterioration; IMP, improvement; NA, no assessment possible; NC, no change.
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Fibrinogen decreased significantly both with
Immunosorba and with GLOBAFFIN. The RR of
fibrinogen was in average 17.8% and 30.7% with
Immunosorba and GLOBAFFIN, respectively. Hypo-
fibrinogenemia (defined as <150 mg/dL for transplant
patients, <100 mg/dL for all other patients) was
recorded once pretreatment, and in five sessions post-
treatment. Thrombocyte count decreased significantly
both with Immunosorba and with GLOBAFFIN, to a
higher extent with the latter (Table 5). No bleeding
events were reported with either adsorber.

4 | DISCUSSION

This noninterventional clinical study collected real-world
evidence on the application of immunoadsorption using
the Immunosorba and GLOBAFFIN adsorber. This study
setting allowed the admission of patients with a wide
range of clinical indications for immunoadsorption, and
obtaining information on how this therapy is carried out
in clinical practice.

A majority of patients was treated with immunoad-
sorption for various neurological indications, such as
multiple sclerosis, myasthenia gravis, or inflammatory
polyneuropathies. Besides these, immunoadsorption
was applied for desensitization before or after kidney or
heart transplantation, for DCM, and few cases with der-
matological or other indications. Also apheresis registries
confirm the therapeutic potential of immunoadsorption
and other apheresis procedures for a wide variety of indi-
cations, with neurological indications being also the most

frequent among immune mediated diseases in the World
Apheresis Registry [14].

Patients were treated with heterogeneous treatment
regimens and only for few indications a typical
treatment schedule seems to be established by today.
Patients with DCM are typically treated five times
within a short interval of 1 week [15], similar to—with
exceptions—patients with multiple sclerosis [16]. Also
patients with myasthenia gravis were mostly treated
with a similar short treatment regimen, due to the need
associated with acute exacerbation of the disease [17].
Variable treatment patterns likely reflect the need for
patient individualized therapies based on the indica-
tion, the patients' different clinical conditions, and dis-
ease progression.

The categorization of treatment patterns allows to
compare patients with similar treatment schedules with
regard to the overall reduction of IgG levels and to distin-
guish between patients suffering from an acute exacerba-
tion of the disease or requiring immunoapheresis
treatments for a short period of time (e.g., patients in
need for a transplantation) and patients suffering from a
chronic type of disease, which requires regular treat-
ments with several days or weeks in between.

Reduction of IgG concentration was effective and
comparable between GLOBAFFIN and Immunosorba
columns. Selective IgG adsorption is based on high affin-
ity of the ligand in the immunoadsorber to the Fc domain
of IgG [18]. The adsorber is virtually not saturable due to
the alternating regeneration of the two adsorbers, and
thus performance is related to the treated plasma volume
[2]. However, only approximately 45% of IgG is accessible

TABLE 5 Safety data on immunoadsorption

Immunosorba GLOBAFFIN

Frequency of adverse device effects and incidents

No. of patients 70 12

No. of patients with ADE 28 (18%) 8 (67%)

No. of sessions with ADE 77 (17%) 28 (18%)

Total no. of ADE 108 35

Incidents 0 0

Change of laboratory parameters from pre- to postapheresis

N Immunosorba p value N GLOBAFFIN p value

Fibrinogen (mg/dL) 18 �43.0 ± 12.7 <0.0001 11 �86.4 ± 34.0 0.001

Albumin (g/dL) 6 �0.47 ± 0.26 0.031 11 �0.54 ± 0.15 0.001

Hemoglobin (g/dL) 25 �0.12 ± 0.6 0.135 11 �0.38 ± 0.39 0.010

Leukocytes (103/μl) 26 1.03 ± 1.9 0.002 11 0.28 ± 0.5 0.175

Thrombocytes (103/μl) 25 �16.0 ± 14.0 <0.0001 11 �25.0 ± 18.1 0.005

Abbreviation: ADE, adverse device effect.
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in the intravascular space and IgG delivery from other
compartments into the circulation is limited within the
usual treatment time of an apheresis session of a few
hours [19]. Rebound of antibodies occurs either through
de novo synthesis or through redistribution between
intra- and extravascular spaces. Particularly in regimens
with treatments performed on consecutive days, rebound
is limited, so that also pretreatment IgG levels are step-
by-step lowered and a greater overall reduction of plasma
IgG levels is achieved than for schedules with longer
intervals between treatments.

We demonstrated a high binding-specificity of the
Immunosorba and GLOBAFFIN columns for IgG. How-
ever, both adsorbers also bind with a lower affinity IgM
and IgA. The relevance of IgA and IgM for the progres-
sion of immune-mediated diseases and of their removal
on the clinical effectiveness of immunoadsorption is not
uniform across different indications, and is only occa-
sionally addressed [20,21].

An improvement of the patients' clinical status as
assessed after a patient's individual termination of all
immunoadsorption sessions was reported from about two
thirds of patients. In further approximately 30% of patients
a stable clinical status under immunoapheresis was
reported. In view of the severity of the underlying autoim-
mune diseases, the stabilization of symptoms is also con-
sidered as therapeutic response to immunoadsorption
therapy and, especially in neurological disorders,
immunoadsorption is often recommended as maintenance
therapy by the American Society for Apheresis (ASFA) [4].
The clinical effect is suggested to be attributable to the
removal of autoimmune antibodies or immune complexes,
supported by an immunomodulatory effect of the ligand
(protein A) on the adsorber [22,23].

In a recently published retrospective study, clinical
effectiveness of immunoadsorption in neurological indi-
cations as assessed with disease specific scores was even
91%. This was achieved with an average of 7.1 treatments,
while the mean apheresis dose in terms of treated plasma
volumes per session was lower than in our study [24].

For multiple sclerosis and optic neuritis, that are often
associated, a response rate with improvement of the clini-
cal status of 94% and 75%, respectively, has been observed
in the present study, similar to that summarized in a
recent meta-analysis [25]. Most patients with multiple scle-
rosis and optic neuritis were treated with less than seven
treatments within up to 14 days as recommended by the
ASFA for acute attacks/relapse [4]. Few patients were
treated more frequently and over a longer period of time
with individually adjusted intervals for maintenance treat-
ment. Autoantibodies associated to demyelinating diseases
may contribute to the pathophysiology of multiple sclero-
sis [26]. A recent prospective randomized study compared

immunoadsorption with plasma exchange in multiple scle-
rosis patients specifically with an acute relapse. The
authors found a response rate of 61.3% directly and of
86.7% 4 weeks after immunoadsorption [27].

In myasthenia gravis, antibodies against the acetyl-
choline receptor or other proteins of the neuromuscular
junction can be detected in a large proportion of patients
[28]. Plasmapheresis or immunoadsorption are indicated
in situations of acute exacerbations of the disease [28]. In
the present study, immunoadsorption successfully
improved clinical status in terms of voluntary muscle
function in the majority of patients immediately after the
application of 3–5 treatment sessions within up to 6 days.
The clinical effectiveness of immunoadsorption in
patients in an acute myasthenia crisis was similarly
described by Köhler et al. based on the Besinger score
[17]. Long-lasting efficacy of immunoadsorption on
patients' clinical status over an 8-year follow-up was
reported by Schneidewind et al. Despite the fact that anti-
body levels after 6 years were higher than the pre-
treatment levels, myasthenia gravis status improved,
possibly by additional immunomodulatory effects [29].

Autoimmune encephalitis is associated to antibodies
directed to surface receptors and ion channels on neuro-
logical tissues [30]. In the present study, two out of nine
patients showed an improvement in terms of cognitive
abilities and gait disorder and in five patients no change
of the clinical status was observed indicating a mainte-
nance without further worsening of the clinical symp-
toms. Only in one patient a worsening of clinical status
after immunoadsorption was observed. Our findings are
in contrast to previous studies, where an improvement,
assessed with disease specific scores, could be found in
60% and 64% of patients [31,32]. This different response
rate could be associated with the type of antibodies
involved in the pathophysiology of individual cases.
Patients with antibodies against cell surface epitopes tend
to show a higher response rate than those with intracellu-
lar antigens. Moreover, accessibility of antibodies in the
circulation and redistribution from the cerebrospinal
fluid may play a role [19]. These results demonstrate the
importance of patient individualized therapies including
the assessment of the specific IgG antibodies involved in
the patient's disease.

In the eight patients with inflammatory polyneuropathy,
heterogeneous treatment patterns were observed, from
two treatments within 2 days up to 50 treatments over
2 years, which may be an expression of different manifes-
tations of the disease. Improvements in terms of motor
function and/or sensibility were achieved in four patients,
in the other four patients no change of clinical status was
observed. Little and inconclusive evidence on the clinical
effectiveness of immunoadsorption in this indication is
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existing at present, as both, worsening of clinical parame-
ters [33], and an improvement of overall disability was
reported [34].

In two out of three patients with GBS, a treatment
success was observed with a short treatment regimen fol-
lowing ASFA treatment recommendations [4]. One
patient treated 32 times over a period of 498 days reflects
also previously described cases with persistent neurologi-
cal deficits requiring additional treatments [35].

Immunoadsorption is considered an option to desen-
sitize patients in case of AB0-incompatibility, presence of
HLA-antibodies before transplantation, or at antibody-
mediated rejection [36]. The clinical usefulness was
shown in a study involving 48 patients with AB0 incom-
patibility treated with immunoadsorption, whose rate of
patient and graft survival as well as graft function was
comparable to AB0 compatible patients [37]. The results
observed in our study are also in line with previously
published experience on treatment of acute humoral
rejection [38].

In DCM, cellular and humoral immune disturbances
including antibodies against cardiac cell proteins contrib-
ute to its pathogenesis and progression [39]. For DCM the
treatment schedule of 3–5 consecutive treatments without
repeated cycles is well established, possibly since only low
antibody rebound has been observed in DCM patients
[40]. A responder rate of DCM to immunoadsorption of
40%, similar to ours, has previously been reported in a
cohort of 93 patients [40]. Other studies also found
improvements in cardiac function and cardiopulmonary
exercise capacity [41,42].

Mean fibrinogen concentration decreased both with
Immunosorba and GLOBAFFIN. Post-treatment values
<100 mg/dL were recorded with GLOBAFFIN in only
5 out of 135 treatments with available fibrinogen data.
No bleeding events were reported, neither in association
to these low levels nor in other treatments with either
adsorber. The RR of fibrinogen was less than or similar
to reduction rates observed in other studies [43,44]. It is
also lower than with total plasma exchange, where fibrin-
ogen reductions by more than 60% were reported [43].
Together with the moderate decrease of thrombocyte
count found in our study, and absence of bleeding events,
the immunoadsorption with both adsorbers can be con-
sidered as safe in view of bleeding risk.

A moderate serum albumin decrease was observed
with both adsorbers, and is known from these and other
types of immunoadsorbers, but, depending on patient
group, mostly not considered as critical [20,45].

The treatments with both adsorbers were well tolerated
and reported ADEs did not cause incidents, serious adverse
events, or deaths. Better tolerability of immunoadsorption
than plasma exchange has been observed and explained by

the fact that plasma replacement solutions are not required
with immunoadsorption [17]. Many documented symptoms
are also reported from studies with the present adsorbers
and also other brands [46]. However, the most often
reported hyper- or hypocalcemia were not reported with
similar frequency from other studies and registries, covering
not only immunoadsorption but also other apheresis
modalities [46–48]. The occurrence may be associated to cit-
rate anticoagulation and calcium substitution strategies
being heterogeneously applied as postadsorber Ca-infusion,
orally, or without Ca substitution. These results highlight
the need of close monitoring of the anticoagulation process,
especially blood ionized calcium levels, and the adjustment
of the anticoagulation depending upon both the coagulation
status and medical history of the patient.

The strength of this study is the cohort size and the
patients representing a wide range of diseases being
treated with immunoadsorption. This reflects the differ-
ent degree to which immunoadsorption has been
acknowledged as a potential therapy option in patients
affected by autoimmune diseases and being resistant to
other, mostly pharmacological therapies.

The study has certain limitations inherent to its
observational nature. Only clinical data and laboratory
measurements were documented as they were collected
in clinical routine, so that missing data was a fact and
performance analysis based on immunoglobulin mea-
surements and safety analysis based on laboratory
analysis had to rely on the available data. In many
indications only small numbers of patients were
included, so that interpretation on, for example, the
association of treatment schedule and clinical effective-
ness should be done with caution. Focusing investiga-
tions on specific indications and aiming at higher
patient numbers are warranted.

5 | CONCLUSION

In conclusion, the application of immunoadsorption
in routine clinical practice has been safely performed
and was well tolerated by the patients regardless of
the adsorber used. Immunoadsorption with both
GLOBAFFIN and Immunosorba is effective in lower-
ing immunoglobulins and improving clinical status
presumably associated with autoimmune processes
and graft incompatibility or rejection. Observed
side effects reflect the known pattern of extracor-
poreal therapies as previously reported from clini-
cal practice. Thus, immunoadsorption with both
adsorbers GLOBAFFIN and Immunosorba represents
an additional therapeutic option for therapy refractory
immune disorders.
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