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Abstract

Background and Aims The ProCID study evaluated the efficacy and safety of three doses of a 10% liquid intravenous immu-
noglobulin (IVIg) preparation (panzyga®) in patients with chronic inflammatory demyelinating polyneuropathy (CIDP). This
report describes the safety findings.

Methods Patients were randomised to receive a 2.0 g/kg induction dose followed by maintenance doses of either 0.5, 1.0 or
2.0 g/kg IVIg every 3 weeks over 24 weeks.

Results All 142 enrolled patients were included in the safety analyses. In total, 286 treatment-emergent adverse events
(TEAESs) were reported in 89 patients, of which 173 (60.5%) were considered treatment-related. Most TEAEs were of mild
severity. Eleven serious TEAEs were reported in 6 patients. Two serious TEAEs in one patient (headache and vomiting)
were considered related to treatment, which resolved without study discontinuation. No treatment-related thrombotic events,
haemolytic transfusion reactions or deaths occurred. One patient discontinued the study due to a TEAE (allergic dermatitis)
probably related to IVIg. Headache was the only dose-dependent TEAE, with incidences ranging from 2.9 to 23.7%, the
incidence of all other TEAEs was similar across treatment groups. Most TEAEs were associated with the induction dose
infusion, and the rate of TEAEs decreased thereafter. The median (IQR) daily IVIg dose was 78 (64-90) g, and 94.4% of
patients tolerated the maximal infusion rate of 0.12 ml/kg/min without pre-medication.

Interpretation Infusions of 10% IVIg at doses up to 2.0 g/kg with high infusion rates were safe and well tolerated in patients
with CIDP.

Clinical trial numbers EudraCT 2015-005443-14, NCT02638207.
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Infusions of IVIg 0.5, 1.0 or 2.0 g/kg every 3 weeks for
up to 24 weeks and daily doses of up to 128 g were safe
and well tolerated in CIDP patients.

Headache was the only dose-dependent adverse event.

1 Introduction

Chronic inflammatory demyelinating polyneuropathy
(CIDP) is a treatable peripheral neuropathy. Its course can
be chronic progressive or relapsing, and while its aetiol-
ogy remains to be fully elucidated, it is thought to be an
autoimmune disorder [1]. Three treatments have been shown
to be effective for CIDP: immunoglobulin both intrave-
nous (IVIg) and subcutaneous (SCIg); corticosteroids; and
plasma exchange [2, 3]. Where available, IVIg is frequently
the first choice treatment and has been shown to improve
patient outcomes rapidly and persistently [4—10]. The most
commonly used treatment regimen for IVIg in patients with
CIDP consists of a 2.0 g/kg induction dose followed by 1.0
g/kg maintenance doses every 3 weeks [3].

The Progress in Chronic Inflammatory Demyelinating
polyneuropathy (ProCID) study investigated the efficacy and
safety of IVIg (panzyga®) treatment by randomising patients
to a standard induction dose of 2.0 g/kg followed by one of
three maintenance doses: 0.5, 1.0 or 2.0 g/kg IVIg (ratio
1:2:1). The main results of the ProCID study were published
and showed in the study population a response rate of 80%
in the 1.0 g/kg treatment group and indicated that a lower
or higher maintenance dose may be as beneficial in some
patients [10]. Here, the detailed safety findings of the study
are reported.

2 Materials and Methods
2.1 Study Design and Participants

The design of the ProCID study (EudraCT 2015-005443-14,
NCT02638207) and the efficacy and main safety results have
been published [10, 11]. In brief, all patients were above
18 years of age and diagnosed with CIDP according to the
EFNS/PNS 2010 Guidelines [12]. The main inclusion cri-
teria were active disease and ongoing treatment with corti-
costeroids or immunoglobulins. The main exclusion criteria
were failure to respond to immunoglobulin treatment, recent
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treatment with immunomodulatory or chemotherapeutic
agents, and clinical evidence of peripheral neuropathy of
another cause. The protocol was approved by the ethics com-
mittees of all participating centres, and informed written
consent was obtained from all patients prior to any study-
related procedures.

2.2 StudyDrug

IVIg (panzyga®, Octapharma Pharmazeutika
Produktionsges.m.b.H., Vienna, Austria; previously called
NewGam) is an intravenous human 10% immunoglobulin
[13, 14] with demonstrated efficacy and safety in patients
with primary immunodeficiency [15], thrombocytopenic
purpura [16] and CIDP [10].

2.3 Procedures

Detailed study procedures were described previously [11].
Briefly, after an initial screening phase, eligible patients
underwent a wash-out phase in which their current medica-
tion was reduced in a stepwise manner over a period of up
to 12 weeks. Patients whose condition deteriorated during
the wash-out phase were considered as having active CIDP.
Deterioration was determined based on the Patients’ Global
Impression of Change scale, the Inflammatory Neuropathy
Cause and Treatment (INCAT) score, grip strength, or the
Inflammatory Rasch-built Overall Disability Scale (I-RODS)
[17]. Patients with active CIDP were enrolled in the dose-
evaluation phase and randomised (1:2:1) to the three study
arms with maintenance doses of 0.5, 1.0 or 2.0 g/kg IVIg.
Following an initial induction dose of 2.0 g/kg IVIg, patients
received maintenance doses every 3 weeks for 24 weeks. All
dosing was based on the patient’s actual body weight with-
out a maximal total amount of IVIg per day and delivered
over 2 days. The initial infusion rate for all infusions was
0.01 mL/kg/min for the first 30 min. If tolerated, the infu-
sion rate was increased every 30 min in the following steps:
0.02, 0.04, 0.08 and 0.12 mL/kg/min for the remainder of the
infusion. From the third infusion on, the 30-min interval for
the 0.02-0.08 mL/kg/min infusion rates could be shortened
to 15 min at the investigator’s discretion. Pre-medication to
alleviate potential tolerability problems was not permitted
except for patients who experienced 2 consecutive infusion-
related adverse events (AEs) that were likely to be prevented
by pre-medication.

2.4 Safety and Tolerability Outcomes

AEs with a particular emphasis on thromboembolic
events (TEE) and haemolytic transfusion reactions, vital
signs (blood pressure, heart rate, body temperature and res-
piratory rate), and laboratory parameters (haematology and
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clinical chemistry) were recorded throughout the study. A
physical examination was performed at screening and every
12 weeks starting at week O and in cases of potential AEs
additionally if needed. Viral safety was assessed at baseline
and at the end of the Extension Period by means of viral
marker testing in plasma specimens.

AEs were classified by system organ class and preferred
term as defined by the Medical Dictionary for Regulatory
Activities (MedDRA® Version 20). Onset, duration, time
to the AE occurrence from last dose, causality, dosage,
severity, seriousness and actions taken were documented.
An AE was defined as a treatment-emergent AE (TEAE) if
first onset or worsening occurred after the start of the first
IVIg infusion. TEAEs were considered temporally related if
they occurred within 72 h after ending infusion. The inten-
sity of TEAEs and their relationship to IVIg were evaluated
by the investigator on a case-by-case basis and according
to international standards for causality assessment. An AE
was considered probably related if good reasons and suf-
ficient documentation supported the assumption of a causal
relationship, such as temporal sequence, expected response
pattern, or dose-dependency. AEs for which causality was
deemed not impossible and not unlikely, but the connection
with the study drug remained uncertain or doubtful, were
rated as possibly related to the study drug. AEs which were
not following a reasonable temporal sequence from admin-
istration of the study drug were assessed as unlikely to be
related. Events for which sufficient information existed to
conclude that the aetiology is unrelated to drug safety were
rated as not related/unrelated. Transient TEAEs causing dis-
comfort without interfering with routine activities were clas-
sified as mild, TEAE:s sufficiently discomforting to interfere
with routine activities (but still possible) were considered
moderate, and any TEAE incapacitating the patient and
preventing the pursuit of routine activities was considered
severe. Life-threatening TEAEs and TEAES resulting in hos-
pitalisation, persistent or significant disability, or death of
the patient were classified as serious TEAE:s.

2.5 Statistical Analysis
Safety was analysed in all randomised patients who received
at least part of one I'VIg infusion. Statistical analyses were

performed using SAS Software version 9.4. Data for all end-
points are presented descriptively.

3 Results
3.1 Demographic and Baseline Characteristics

Patients were enrolled between 9 August 2017 and 5 Sep-
tember 2019. Out of 171 screened patients, 142 eligible

patients with active disease were randomised to the three
study arms. All randomised patients received at least one
IVIg dose and are included in the safety analysis set: 35
(24.6%) patients in the 0.5 g/kg group; 69 (48.6%) in the 1.0
g/kg group, and 38 (26.8%) in the 2.0 g/kg group.

The demographics and clinical characteristics of the
patients in the safety analysis set were similar across the
dose groups (Table 1). The median age was 59 years, and
58 patients were female (40.8%). The patients’ weight
ranged from 48 to 122 kg, with body mass index (BMI)
ranging from 16.6 to 39.9 kg/m?. Most patients (91.5%) had
typical CIDP. Prior to study enrolment, 87.3% of patients
had been treated with corticosteroids, and 12.7% with
immunoglobulins.

3.2 Exposure

A total of 982 infusion cycles were administered with 105
patients (73.9%) receiving all their infusions on schedule.
Including the induction dose of 2.0 g/kg, the median (range)
IVIg dose per infusion cycle was 70 (38-169) g in the 0.5
g/kg group, 101 (57-208) g in the 1.0g/kg group, and 155
(96-237) g in the 2.0 g/kg group, corresponding to 0.69,
1.13 and 2.00 g/kg, respectively. Across the three groups, the
daily I'VIg doses ranged from 11 g to 128 g with a median
(IQR) dose of 78 (64-90) g. Of the 982 infusions, 182 were
given at a dose of 0.5 g/kg, 398 at 1.0 g/kg and 402 at 2.0
g/kg. The allowed maximum infusion rate of 0.12 mL/kg/
min was reached at least once in 971 out of 982 infusion
cycles (98.9%) and 94.4% of patients tolerated the maximal
infusion rate of 0.12 ml/kg/min without pre-medication.
Most patients (97.9%) had 2 consecutive infusion days with
a total median (range) infusion duration of 320 (166-593)
minutes for each infusion cycle. Three patients (2.1%) had
only one infusion per cycle. Eleven patients (7.7%) received
pre-medication (mostly antihistamines) to alleviate adverse
events, as allowed by the protocol.

3.3 Safety

Of the 142 patients in the study, 89 patients (62.7%) expe-
rienced a total of 286 TEAEs. The proportion of patients
with TEAEs was similar across dose groups (Table 2). The
majority of TEAEs were mild in intensity (226, 79.0%),
18.2% were of moderate intensity and 2.8% of severe inten-
sity. Seven of the severe TEAEs were reported in 3 patients
in the 1.0 g/kg group: 1 patient experienced osteomyelitis; 1
patient experienced unilateral deafness; and 1 patient experi-
enced respiratory arrest, decubitus ulcer, pneumonia, cardio-
respiratory arrest and aspiration. One patient in the 2.0 g/kg
group had a severe TEAE: encephalitis. None of the severe
TEAEs were considered related to IVIg treatment.
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Of the 286 TEAEs, 173 in 68 patients were considered
related to IVIg treatment (Table 2). The most frequent
related TEAEs were headache, pyrexia and dermatitis
(Table 3 and Supplementary Table 1). Overall, the profile
of TEAE:s related to IVIg treatment was similar across the
dose groups (Supplementary Table 1).

Headache was the only IVIg-related TEAE showing
dose-dependency. The incidence per allocated treatment
group was 2.9%, 14.5% and 23.7% in the 0.5, 1.0 and 2.0
g/kg groups, respectively (Supplementary Table 1). Dose
dependency was also seen when analysed according to the
preceding IVIg dose rather than allocated treatment group.
No patients experienced headache after a dose of 0.5 g/
kg, 3 patients (4.5%) reported headache after a dose of
1.0 g/kg, and 18 patients (12.7%) experienced headache
after an induction or maintenance dose of 2.0 g/kg IVIg
(Fig. 1, Table 3).

Eleven serious TEAEs were reported in 6 patients
(4.2%), two of which were considered related to IVIg treat-
ment. Both events, headache and vomiting, developed in
the same patient in the 1.0 g/kg group, were of moder-
ate intensity and resolved without study discontinuation.
The same patient withdrew from the study following a
diagnosis of meningioma, which was surgically removed
2 months later. Two patients in the 1.0 g/kg group expe-
rienced serious TEAEs of osteomyelitis and unilateral
deafness. Both events were rated as severe, resolved fol-
lowing treatment, and were considered unrelated to the
study drug. For the patient with deafness, the diagnosis
was concluded to be sudden right ear deafness during
otorhinolaryngology consultation. There were no signs of
aseptic or immune meningitis. The patient recovered and

the deafness resolved. The patient continued in the study
and completed the study 3 months later. One serious event
of moderate osteonecrosis leading to study withdrawal is
described below. Two patients experienced TEAEs leading
to death. One patient in the 1.0 g/kg group developed fatal
encephalitis (thomboencephalitis, probably autoimmune),
which was considered unrelated to IVIg treatment. One
patient in the 2.0 g/kg group with a history of cardiovascu-
lar disease developed bronchopneumonia, which resulted
in cardio-respiratory arrest. The aspiration and respiratory
arrest were not related to IVIg, the patient had a history of
coughing before receiving the study drug (this was only
mentioned by the family after the aspiration, not before
the IVIg infusion) and the event of aspiration happened
after the IVIg infusion and immediately after the patient
took a spoon of natural plantago syrup. The patient had a
relevant medical history of hypertension, peripheral vascu-
lar disorder, peripheral arterial occlusive disease, adrenal
adenoma, cholelithiasis, intervertebral disc protrusion,
haemangioma of bone, and cough.

Five patients (3.5%) experienced 6 TEAESs that led to
discontinuation of the study drug (Table 4). One event of
allergic dermatitis in the patient in the 1.0 g/kg group was
considered probably related to IVIg treatment. The same
patient experienced a urinary tract infection, which was con-
sidered unrelated to IVIg treatment. One patient in the 0.5
g/kg group developed autoimmune hepatitis, which did not
resolve despite treatment but was considered unrelated to the
study drug. A second patient in the 0.5 g/kg group developed
moderate osteonecrosis, which did not resolve. The event
was rated as a serious TEAE and considered as unlikely
to be related to IVIg treatment. In the 2.0 g/kg group, one

Table 1 Baseline characteristics

Characteristic Treatment group All patients
0.5 g/lkg (n = 35) 1.0glkg(n=69) 2.0gkgn=38) (n=142)

Female, n (%) 13 (37.1) 31(44.9) 14 (36.8) 58 (40.8)
Age, years 56 (26-73) 59 (18-83) 63 (30-83) 59 (18-83)
Body weight, kg 83 (56-120) 80 (49-122) 76 (48-122) 79 (48-122)
Body mass index, kg/m? 27 (19-40) 27 (17-39) 25 (19-40) 27 (17-40)
EEFNS/PNS criteria, n (%)

Definite CIDP 35 (100) 68 (98.6) 38 (100) 141 (99.3)

Probable CIDP 0 1(1.4) 0 1(0.7)
Type of CIDP, n (%)

Typical 34 (97.1) 62 (89.9) 34 (89.5) 130 (91.5)

Atypical 1(2.9) 7(10.1) 4 (10.5) 12 (8.5)
Prior treatment, n (%)

Corticosteroids 30 (85.7) 60 (87.0) 34 (89.5) 124 (87.3)

Immunoglobulins 5(14.2) 9(13.0) 4 (10.5) 18 (12.7)

All values are the median (range) unless otherwise stated

n number of patients, CIDP chronic inflammatory demyelinating polyneuropathy, EFNS/PNS European
Federation of Neurological Societies/Peripheral Nerve Society
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Table2 Summary of TEAEs TEAE category Treatment group Total
per treatment group
0.5 g/kg 1.0 g/kg 2.0 g/kg All patients
(n=135) (n=69) (n=38) (n=142)
n (%) N n (%) N n (%) N n (%) N
TEAEs 20 (57.1%) 54 45 (65.2%) 153 24 (63.2%)79 89 (62.7%) 286
Mild 16 (45.7%) 48 28 (40.6%) 115 18 (47.4%) 63 62 (43.7%) 226
Moderate 4 (11.4%) 6 14 (20.3%) 31 5(13.2%) 15 23 (16.2%) 52
Severe 0 (0.0%) 0 343%)7 12.6%) 1 4(2.8%) 8
TEAEs related to IVIg treatment 16 (45.7%) 37 32 (46.4%) 80 20 (52.6%) 56 68 (47.9%) 173
Serious TEAEs 1(2.9%) 1 4(5.8%)9 12.6%) 1 6(4.2%) 11
Related serious TEAESs 0(0.0%) 0 1(1.4%) 2 0(0.0%) 0 1(0.7%) 2
TEAEs leading to discontinuation 2 (5.7%) 2 1(1.4%) 2 2(5.3%) 2 5(3.5%) 6
of IVIg treatment
TEAEs leading to death 0(0.0%) 0 1(1.4%) 1 1(2.6%) 1 2(1.4%) 2

n number of patients, N number of events, /VIg intravenous immunoglobulin, TEAE treatment-emergent

adverse event

patient had mildly increased fibrin D dimer but no signs
and symptoms of a TEE. The increase was considered as
unrelated to the study drug. A second patient in the 2.0 g/
kg group developed a serious TEAE of encephalitis, which
was considered not related to IVIg treatment (see above).

The median daily dose of IVIg was 78 g, and the inci-
dence of related TEAEs was similar in patients receiving
higher (> 78 g) or lower (< 78 g) daily doses of IVIg (Fig. 2
and Supplementary Table 2). In total, 96 related TEAEs
were observed after 721 doses < 78 g IVIg (13.3%), com-
pared with 77 after 662 doses > 78 g IVIg (11.6%). In the
lower IVIg daily dose group, the most frequent TEAEs were
headache, followed by pyrexia and dermatitis. The most
common TEAESs in patients receiving higher daily IVIg
doses were dermatitis followed by pyrexia and headache.

The majority of related TEAEs occurred following infu-
sion of the 2.0 g/kg induction doses (Fig. 3). Eighty-eight
related TEAEs were reported for the 142 induction dose
infusion cycles in the study (0.62 TEAEs/infusion) com-
pared with 85 events after 840 maintenance doses (0.10
TEAESs/infusion, Supplementary Table 3). For all treat-
ment groups, the incidence of related TEAEs per infusion
decreased sharply after the induction dose and gradually
declined further throughout the maintenance phase from
0.16 TEAEs per infusion for the first maintenance dose to
0.05 by the end of the study. Only 8 of 142 patients (5.6%)
did not tolerate the highest infusion rate (0.12 mL/kg/min)
due to the occurrence of TEAEs. Among these 8 patients,
3 never reached the highest infusion rate due to TEAEs at
lower rates.

The results of the laboratory assessments (haematology,
clinical chemistry, urinalysis and viral markers) did not raise
any safety concerns. There were no unusual observations
on physical examination or in the patients’ vital signs. No

signs of thromboembolism or haemolysis were recorded in
this study.

4 Discussion

The ProCID study was the first randomised clinical trial
comparing the efficacy and safety of different maintenance
doses of IVIg treatment in patients with CIDP. TEAEs in
CIDP patients were mostly mild in intensity with headache
as the most frequent and the only dose-dependent TEAE.
More than half of the events were associated with the induc-
tion dose infusion, and the incidence of TEAEs per infu-
sion decreased considerably thereafter. The distribution of
TEAEs was similar across dose groups with the exception
of headache.

Although reactions to IVIg treatment are often mitigated
by either pre-medication or a reduction in infusion rate [18],
only 7.7% of patients needed pre-medication and the maxi-
mum infusion rate of 0.12 mL/kg/min was reached in almost
all infusions in ProCID, thus confirming the good tolerabil-
ity and safety of IVIg even at high infusion rates in patients
with CIDP [15, 16]. These results also support earlier find-
ings which showed that infusions of IVIg at infusion rates
up to 0.14 mL/kg/min were well tolerated in CIDP patients
[19]. Our study suggests that routine pre-medication even
before high dosages of IVIg is not needed.

IVIg treatment is generally well-tolerated, but a number
of adverse effects have been documented and are associated
with specific [VIg preparations and individual differences
[20]. The most frequent immediate TEAEs related to IVIg
infusions are flu-like symptoms, e.g. headache, nausea, fever
and chills, followed by dermatological effects such as urti-
caria or dermatitis. Flu-like symptoms account for more than
80% of IVIg-associated side effects [20, 21]. They usually
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Table 3 (continued)

Total

Preceding dose

System organ class
Preferred term

All patients (n = 142)

1.0 g/kg (n = 66) 2.0 g/kg (n = 142)

0.5 g/kg (n =34)

N

n' (%)

n (%)

N

n' (%)

n (%)

N

n (%) n' (%)

N

n' (%)

n (%)

Investigations

5
3
3
3

5(0.5)
3(0.3)
3(0.3)
3(0.3)
10.1)

5(3.5)
3@2.0)
2(1.4)
2(1.4)

1
1
1
1

1(0.3)
1(0.3)
1(0.3)
1(0.3)

1(0.7)
1(0.7)
1(0.7)
1(0.7)

4
1
2
2

1

4(1.0)
1(0.3)
2(0.5)
2(0.5)
1(0.3)

4(6.0)
1(1.5)
2(3.0)
2(3.0)

Blood lactate dehydrogenase increased

1

1(0.6)

1(2.9)

Transaminases increased

Alanine aminotransferase increased

Aspartate aminotransferase increased

1

1(0.7)

1(1.5)

Haemoglobin decreased

Infections and infestations

1

1(0.1)

1 1(0.7)

1(0.3)

1(0.7)

Nasopharyngitis

Renal and urinary disorders

1

1(0.1)

1 1(0.7)

1(0.3)

1(0.7)

Micturition urgency

n number of patients, n’ number of infusions, N number of events, TEAE treatment-emergent adverse event

Dosing
group
2.0 g/kg

1.0 g/kg

0.5 g/kg

0% 3% 6% 9% 12% 15%

Patients with headache

Fig. 1 Incidence of treatment-related headache per preceding dose

occur within the first hour of infusion and are in most cases
mild and transient [21].

An important aspect of this study was the inclusion of
the 2.0 g/kg dose group who received 232 of infusions, not
counting the induction dose which all dose groups received.
The literature does contain likely hundreds of reports of
patients who received 2.0 g/kg usually monthly for a variety
of diseases (see Supplemental Table 4 Reference list, a par-
tial list) but most are only small case series and evaluate high
dose IVIg treatment for only 4-16 weeks. There are very
few controlled studies in the literature of longitudinal dos-
ing at this high dose [22-24]. These report either no adverse
events or common ones such as headache or hypertension.
One study described 6 patients who received very high dose
IVIg, ranging from 2.0-9.0 g/kg/month, for periods up to 48
months [25]. The authors reported no IVIg-related adverse
events.

IVIg treatment has been shown to cause thrombotic
events, renal failure and haematologic disorders such as
haemolysis and neutropenia [20]. While the incidence of
renal impairment is generally rare, thromboembolic events
and haemolysis affect approximately 1% of patients [20, 26].
Both events have been reported in patients with CIDP after
IVIg administration and are usually associated with high
IVIg doses [5, 8] or specific indications such as dermato-
myositis [27-29]. Our study treated patients for up to 24
weeks and confirmed the safety and tolerability of the 2.0 g/
kg dose given every 3 weeks. The single study most similar
to ProCID is the recently published ProDERM study [30].
In that study, patients with dermatomyositis, the majority
also on corticosteroids, were treated with IVIg 10% at a
dose of 2.0 g/kg monthly for up to 16 weeks in the pri-
mary study. Patients could then join an open-label study
that lasted up to 24 weeks. While the main safety and toler-
ability results, with headache and nausea being the most
common related TEAEs, are similar to the 2.0 g/kg dose
group in the ProCID study, the major difference was the
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Table 4. TEA,ES legding to Treatment group Dose type Preferred term Intensity ~ Outcome Causality  SAE?
study discontinuation
0.5 g/kg Induction Autoimmune hepatitis Moderate Not resolved Not related No
2.0 g/kg Induction Fibrin D dimer increased Mild Unknown Unlikely No
0.5 g/kg Maintenance Osteonecrosis Moderate Not resolved Unlikely Yes
2.0 g/kg Maintenance Encephalitis Severe Fatal Not related  Yes
1.0 g/kg Maintenance Dermatitis allergic Moderate Resolved Probable  No
Maintenance Urinary tract infection Moderate Resolved Not related No

SAE serious adverse event, TEAE treatment-emergent adverse event

IVIg dose
(patients
at risk)

>78 g
(89)

<78¢g
(80)

0% 10% 20% 30% 40% 50%
Patients with related TEAE

Fig. 2 Incidence of related TEAEs after higher (> 78 g) and lower (<
78 g) total daily IVIg doses. TEAE treatment-emergent adverse event

occurrence of 6 related TEEs in 5 patients—one deep vein
thrombosis, two pulmonary embolism, one hypoesthesia and
two strokes. This is most likely due to the underlying con-
dition, dermatomyositis, which alone predisposes to TEE
[27-29]. A large UK study found that IVIg is a risk factor for
TEE but only for those with prior TEE [31] supporting the
hypothesis that not high IVIg dosing but rather additional
risk factors such as prior TEE or specific clinical conditions

Fig.3 Rate of related TEAEs
per infusion for induction and

(e.g. dermatomyositis) increase the risk of TEEs in patients
receiving IVIg therapy [32, 33]. This is also supported by
a study evaluating a second dose of IVIg in patients with
severe Guillain-Barré syndrome. Patients receiving a second
dose of IVIg experienced more TEEs than those receiving a
single dose [34]. The immobility due to the severe disease
and the older age of the second dose IVIg group (the authors
state that the 2 groups were not evenly matched) represented
independent risk factors for TEE. The ProCID study indi-
cates that, contrary to dermatomyositis, CIDP by itself is not
a risk factor for TEE. In the ProCID study, patients received
daily doses of IVIg of up to 128 g IVIg without any reported
thrombotic or haemolytic events or other unexpected safety
signals.

The safety findings in our study are in line with those of
previous trials with this [VIg treatment in patients with pri-
mary immunodeficiency [15] and chronic immune thrombo-
cytopenia [16]. The efficacy and safety of [VIg in CIDP were
also investigated in the ICE, PATH, PRIMA and PRISM
studies at a maintenance dose of 1.0 g/kg. In the ICE study,
the most frequent related TEAEs in the IVIg group were
headache in 32% of patients, followed by pyrexia (13%)
and hypertension (9%) [4]. In a combined analysis of the

Treatment group

maintenance doses. TEAE 0.8 7 - 0.5 glkg
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PATH and PRIMA studies, treatment-related TEAEs were
reported in 45% of patients, with headache (17%), nausea
(5%), hypertension and haemolysis (4% each) as the most
frequent TEAEs [5]. In the PRIMA study, headache was
reported in 29% of patients and hypertension and asthenia
in 14% each [6]. At this dose, headache was documented in
14.5% of patients in ProCID, followed by pyrexia (11.6%),
and hypertension, dermatitis and increased blood lactate
dehydrogenase (7.3% each). In contrast to the above studies
[4, 5, 8], the vast majority of patients (89.4%) in the ProCID
study were previously treated with corticosteriods and were
IVIg-naive. These data suggest that patients can be safely
switched from corticosteroids to IVIg.

The risk of adverse reactions to IVIg treatment is consid-
ered to be higher in obese patients, who generally require
high total doses of IVIg and frequently present with multiple
cardiovascular risk factors [35]. In the ProCID study, all
dosing was based on actual body weight, and there was no
limit on the total daily amount of IVIg. High total amounts
of IVIg were not associated with an increase in the incidence
of TEAEs, suggesting that dosing based on actual body
weight does not necessarily put patients at an increased risk
of TEAEs. Moreover, the incidence of TEAEs associated
with maintenance infusions of 2.0 g/kg IVIg was similar to
those observed for 0.5 g/kg and 1.0 g/kg doses.

The favourable safety profile of IVIg at high daily (up
to 128 g/day) and total doses (up to 2 g/kg) and high infu-
sion rates (up to 0.12 mL/kg/min) in this carefully selected
patient population suggests that there is no general need to
limit daily or maintenance dosing or infusion rates for safety
reasons, as long as patients are monitored for possible risk
factors for adverse events (such as TEESs).

The strengths of this study include the multiple and high
IVIg doses administered, the large size and age range of the
patient population and the limited prior exposure to IVIg.
The main limitation of this safety study was the duration of
24 weeks which provides limited information on longer-term
side-effects associated with IVIg treatment.

5 Conclusions

The evaluation of safety and tolerability parameters showed
that administration of IVIg in the ProCID study was safe in
patients with CIDP. In a largely IVIg naive patient popula-
tion, the profile of TEAEs was as expected for IVIg prod-
ucts. Headache was the only dose-dependent TEAE, and
very few patients required premedication to mitigate TEAEs.
IVIg infusions were well tolerated at high daily and total
doses and at high infusion rates, with maximal infusion rates
of 0.12 mL/kg/min reached at least once in 99% of infusion
cycles.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40264-023-01326-z.
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