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Randomized trial of three IVIg doses for
treating chronic inflammatory
demyelinating polyneuropathy

David R. Cornblath,® Pieter A. van Doorn,? Hans-Peter Hartung,
Ingemar S. J. Merkies,”’® Hans D. Katzberg,” Doris Hinterberger,*°
Elisabeth Clodi'® and the ProCID Investigators

3,4,5,6

Intravenous immunoglobulin treatment for chronic inflammatory demyelinating polyneuropathy usually starts
with a 2.0 g/kg induction dose followed by 1.0 g/kg maintenance doses every 3 weeks. No dose-ranging studies with
intravenous immunoglobulin maintenance therapy have been published.

The Progress in Chronic Inflammatory Demyelinating polyneuropathy (ProCID) study was a prospective, double-
blind, randomized, parallel-group, multicentre, phase III study investigating the efficacy and safety of 10% liquid
intravenous immunoglobulin (Panzyga®) in patients with active chronic inflammatory demyelinating polyneurop-
athy. Patients were randomized 1:2:1 to receive the standard intravenous immunoglobulin induction dose and
then either 0.5, 1.0 or 2.0 g/lkg maintenance doses every 3 weeks. The primary end point was the response rate in
the 1.0g/kg group, defined as an improvement >1 point in adjusted Inflammatory Neuropathy Cause and
Treatment score at Week 6 versus baseline and maintained at Week 24. Secondary end points included dose re-
sponse and safety. This trial was registered with EudraCT (Number 2015-005443-14) and clinicaltrials.gov
(NCT02638207).

Between August 2017 and September 2019, the study enrolled 142 patients. All 142 were included in the safety
analyses. As no post-infusion data were available for three patients, 139 were included in the efficacy analyses, of
whom 121 were previously on corticosteroids. The response rate was 80% (55/69 patients) [95% confidence interval
(CI): 69-88%] in the 1.0 g/kg group, 65% (22/34; CI: 48-79%) in the 0.5 g/kg group, and 92% (33/36; Cl: 78-97%) in the
2.0g/kg group. While the proportion of responders was higher with higher maintenance doses, logistic regression
analysis showed that the effect on response rate was driven by a significant difference between the 0.5 and 2.0g/
kg groups, whereas the response rates in the 0.5 and 2.0 g/kg groups did not differ significantly from the 1.0 g/kg
group. Fifty-six per cent of all patients had an adjusted Inflammatory Neuropathy Cause and Treatment score im-
provement 3weeks after the induction dose alone. Treatment-related adverse events were reported in 16 (45.7%),
32 (46.4%) and 20 (52.6%) patients in the 0.5, 1.0 and 2.0 g/kg dose groups, respectively. The most common adverse
reaction was headache. There were no treatment-related deaths.

Intravenous immunoglobulin (1.0 g/kg) was efficacious and well tolerated as maintenance treatment for patients
with chronic inflammatory demyelinating polyneuropathy. Further studies of different maintenance doses of
intravenous immunoglobulin in chronic inflammatory demyelinating polyneuropathy are warranted.
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Panzyga®, randomized controlled trial

CIDP = chronic inflammatory demyelinating polyneuropathy; I-RODS = Inflammatory Rasch-built
Overall Disability Scale; INCAT = Inflammatory Neuropathy Cause and Treatment; IVIg = intravenous immunoglobu-
lin; MRC = Medical Research Council; ProCID = progress in chronic inflammatory demyelinating polyneuropathy;

TEAE = treatment-emergent adverse events

Introduction

Chronic inflammatory demyelinating polyneuropathy (CIDP) is a
rare, auto-immune mediated polyneuropathy and can be diag-
nosed using guidelines from the European Federation of
Neurological Societies/Peripheral Nerve Society (EFNS/PNS).>?
However, the diagnosis of CIDP is not straightforward,? and a num-
ber of disorders can be mistaken for CIDP.*

Three treatments have been proven effective for CIDP: intra-
venous immunoglobulin (IVIg), corticosteroids, and plasma ex-
change.> Where available, IVIg is the most frequently used
first-line treatment due to its safety and efficacy. Based on several
clinical studies, treatment with IVIg in CIDP usually starts with an
induction dose of 2.0 g/kg over 2 to 5 days followed by maintenance
dosing of 1.0 g/kg every 3 weeks.®®

The optimal maintenance dose may vary between patients,
and the EFNS/PNS guidelines recommend that the maintenance
dose may need to be adjusted to suit an individual patient’s
needs.? Whilst tailored dosing has been long advocated and is sup-
ported by retrospective and real-life data,”'? there have been no
randomized, prospective trials evaluating different IVIg mainten-
ance dose regimens in patients with CIDP. Only one small open,
randomized study has evaluated different induction doses of IVIg
for CIDP and multifocal motor neuropathy, and the results showed
a potential dose-related effect 5 weeks after induction treatment.*
The PATH study evaluated two doses of subcutaneous immuno-
globulin (SCIg), 0.2 and 0.4 g/'kg every week, in patients with CIDP
and showed no significant differences in outcomes between those
two SCIg doses during a study period of 24 weeks.**

The Progress in Chronic Inflammatory Demyelinating poly-
neuropathy (ProCID) study investigated the efficacy and safety of
IVIg after a 2.0 g/kg induction dose followed by a standard main-
tenance dose of 1.0 g/kg given every 3 weeks, and two other doses,
0.5g/kg and 2.0 g/kg, on outcomes in patients with CIDP during a
study period of 24 weeks.

Materials and methods

IVIg (Panzyga®, Octapharma) is a glycine-stabilized 10% liquid
human IVIg™'® with proven efficacy and safety as replacement

therapy in primary immunodeficiency’” and for immunomodula-
tion in patients with immune thrombocytopenic purpura.’® This
IVIg product is licensed for different indications (including CIDP) in
the USA,' Canada?® and the EU.*

The ProCID study (EudraCT Number 2015-005443-14 and clinical
trials.gov identifier NCT02638207) was designed in 2016/2017 and
initiated in 2017.%2 The trial protocol and statistical analysis plan
were published previously.?

Patients were eligible if they were at least 18 years old and had
been diagnosed with definite or probable CIDP according to pub-
lished criteria’ and if they were dependent on treatment with
immunoglobulins or corticosteroids. The main exclusion criteria
included previous failure of immunoglobulin treatment, treatment
with other immunomodulatory/suppressive agents in the prior
6months, treatment with immuno-chemotherapeutic regimens,
and clinical evidence of peripheral neuropathy from another
cause. Full inclusion and exclusion criteria were published previ-
ously.?? All patients gave written informed consent prior to any
study-related procedures. The ethics committees of all participat-
ing centres approved the study protocol.

The study consisted of screening, wash-out, and dose-evaluation
phases (Fig. 1). Patients were screened, and, if eligible, entered the
wash-out phase, during which their current medication was
reduced in a predefined standard manner, to determine whether
they had active CIDP. For those previously on IVIg, the dose was
reduced by 25% at each sequential infusion until deterioration. For
those previously on corticosteroids, the dose was reduced at the
discretion of the investigator at a rate to expect study entry within
6-12 weeks and to a dose of prednisolone <20mg/day or equiva-
lent when deterioration occurred. Low doses of corticosteroids at
deterioration could be continued during the study. The wash-out
phase had a maximum of 12 weeks, and only patients who deterio-
rated in this time frame were enrolled and randomized into the
dose-evaluation phase. Patients who did not deteriorate in the
wash-out phase were considered not to have active CIDP and were
excluded from the study. Deterioration was determined by
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Figure 1 Trial design.

worsening of their overall status according to the Patients’ Global
Impression of Change Scale and either an increase in adjusted
Inflammatory Neuropathy Cause and Treatment (INCAT) score by
>1 point, or a decrease of >8kPa on grip strength in one hand,
or reached the Inflammatory Rasch-built Overall Disability Scale
(I-RODS) minimum clinically important difference related to the
varying standard errors cut-off of -1.96 or less.”

All patients who deteriorated were randomly assigned 1:2:1 to
maintenance doses of 0.5, 1.0 or 2.0 g/’kg IVIg in the 24-week dose-
evaluation phase. They then received an induction dose of IVIg
2.0 g/kg, followed by seven maintenance IVIg doses of 0.5, 1.0 or
2.0g/kg every 3weeks (+ 4days). The masked assignment of the
correct dose and treatment for each study visit was managed using
an interactive web response system. The treatment group assign-
ment was only reported to the hospital pharmacist or designee by
a dedicated email to which no other study personnel had access.
The patient was masked to the medication by the use of an opaque
(non-transparent) infusion line and overpouches. The evaluating
investigator was not involved with administering medication to
the patient. Dosing was based on actual body weight and adminis-
tered over two consecutive days without pre-medication.
Corticosteroids (prednisolone or equivalent) <20mg/day as con-
comitant CIDP medication were permitted during the dose-evalu-
ation phase for patients with prior corticosteroid therapy. For all
patients in the 0.5 and 1.0 g/kg dose groups who were stable (unim-
proved) at Week 6 or deteriorated between Weeks 3 and 18, there
was the option to administer rescue treatment with two consecu-
tive infusions of IVIg 2.0g/kg at 3-week intervals (+ 4days).
Following the two IVIg rescue treatments, patients attended an
end of study visit. Patients deteriorating after Week 18 or 21
dropped out and had their end of study visit at Week 21 or 24, re-
spectively. Patients in the 2.0 g/kg arm were discontinued from the
study if they were stable (unimproved) at Week 6 or deteriorated
after Week 3 and before Week 21.

Outcomes

The primary outcome was the proportion of responders in the
1.0g/kg arm at Week 24.5?* A responder was defined as a subject

who showed an improvement (decrease) > 1 point in adjusted
INCAT score at Week 6 compared with baseline (first visit of the
dose-evaluation phase), completed the 24-week study, and main-
tained the response at Week 24. A non-responder was defined as a
subject who did not achieve an improvement of >1 point in
adjusted INCAT score by Week 6, or who deteriorated between
Week 3 and Week 21, or who discontinued before Week 24, irre-
spective of adjusted INCAT score at termination.

The main secondary outcomes were the proportion of respond-
ers in the 0.5 g/kg and 2.0 g/kg arms at Week 24 relative to baseline
compared with the 1.0g/kg arm based on the adjusted INCAT
score, grip strength, I-RODS score, and Medical Research Council
(MRC) score, and time to first confirmed worsening on the adjusted
INCAT score by >1 point from the value at baseline. Other second-
ary outcomes were the Pain Intensity Numeric Rating Scale and
the sum of the distal evoked amplitude of eight motor nerves. To
assess safety and tolerability, treatment-emergent adverse events
(TEAES) per infusion and the number of patients with TEAEs were
recorded. An adverse event was defined as a TEAE if first onset or
worsening occurred after the start of the first IVIg administration
in the study. The full list of outcomes variables has previously
been published.??

Statistical analysis

The sample size calculation was based on the expected proportion
of responders based on the adjusted INCAT score in the 1.0g/kg
dose group. At the time this study was designed, experiences with
this dosing regimen were available from the ICE® and PRIMA’ stud-
ies. In the PRIMA study,” the lower limit of the 95% Wilson-Score
confidence interval (CI) for the proportion of responders (R) was
42%, and thus 42% was selected as the threshold for evaluation of
the primary end point: null hypothesis (HO) R < 0.42; alternative
hypothesis (H1) R > 0.42. This was tested by comparing the lower
limit of the 95% Wilson-Score CI for the observed proportion of res-
ponders with a pre-defined threshold of 0.42. We estimated the
true percentage of responders in CIDP patients treated with IVIg as
60%. In comparison, 60.7% of patients were responders in the
PRIMA study and 54.2% in the ICE study.®’ We applied these
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Figure 2 Trial profile.

parameters to a computer simulation using SAS® statistical ana-
lysis software and calculated that a minimum of 62 evaluable
patients in the 1.0g/kg dose group was needed to achieve a
power of at least 80%. To account for possible dropouts, it was
planned to enrol 70 patients into this group. To allow for the
comparison between dose groups, it was planned to enrol half
the number of evaluable patients into the 0.5 and 2.0g/kg
groups, resulting in a total of 124 evaluable patients and an en-
rolment target of 140 patients. The primary evaluation of effi-
cacy end points was based on the full analysis set in an
intention-to-treat analysis.

The response rates in the alternative dose groups were com-
pared descriptively and by an odds ratio analysis. All other end
points were analysed by means of descriptive statistics. Safety was
analysed in all patients who received any amount of IVIg in the
study.

In addition, an exploratory logistic regression analysis was per-
formed that included the pretreatment as well as the dose group
as predictor variables for response based on adjusted INCAT score.
The same model was applied to treatment responses based on grip
strength, I-RODS scores and MRC sum score.

Individual participant data collected during the trial will not be
shared. The study protocol and main results are available at
https://clinicaltrials.gov/ct2/show/study/NCT02638207 (Accessed
24 February 2022).

Results

Patients were enrolled from 25 centres worldwide between 9
August 2017 and 5 September 2019. A total of 171 patients were
screened, and 150 entered the wash-out phase. Eight patients
were not eligible for inclusion into the dose-evaluation phase
due to their disease not being treatment dependent (n = 4) or
withdrawal of consent (n = 4). A total of 142 patients experienced
deterioration during the wash-out phase and were randomized:

35 (24.6%) to IVIg 0.5g/kg, 69 (48.6%) to IVIg 1.0g/kg, and 38
(26.8%) to IVIg 2.0 g/kg. All 142 randomized patients received at
least one infusion of IVIg and were included in the safety ana-
lysis set. The intention-to-treat population consisted of 139
patients because no post-infusion data were collected in three
patients. The per-protocol set comprised 129 patients: five
patients were excluded due to dosing errors, four patients with-
drew from study, and one patient was lost to follow-up. In total,
123 patients (86.6%) completed the study (Fig. 2). Of the 19
patients (13.4%) who terminated early and were thus counted as
non-responders, the most common reasons were patient’s deci-
sion (n = 7, 4.9%) and TEAEs (n = 6, 4.2%). The highest incidence
of early terminations was seen in the 0.5 g/kg group (20.0%), com-
pared with 11.6% in the 1.0g/kg group and 10.5% in the 2.0 g/kg

group.

Demographic characteristics in the intention-to-treat population
(Table 1) were similar across randomization strata and in the
safety analysis set. In total, 91.4% of patients had a history of typ-
ical CIDP. Twelve (8.6%) patients had atypical CIDP: nine distal
acquired demyelinating symmetric neuropathy and three multi-
focal acquired demyelinating sensory and motor neuropathy. One
hundred and twenty-one patients (87.1%) had been treated previ-
ously with corticosteroids for their CIDP, and 18 patients (12.9%)
with immunoglobulins. The percentage of patients previously
treated for CIDP with immunoglobulins or with corticosteroids
was distributed equally across the three dose groups. After deteri-
oration and at the start of the dose-evaluation phase, 44/121
patients (36%) previously on corticosteroids entering this phase
were still on corticosteroids, and this was balanced evenly across
dose groups (Table 1). The corticosteroid dose was reduced to
<20mg/day in all except two of these 44 patients, one in the 0.5g/
kg group and one in the 1.0 g/kg group, who were on a dose of
25mg/day prednisolone equivalent due to a miscalculation in the
conversion of methylprednisolone to prednisolone. Neither of
these patients were excluded from the analyses. Twelve of the 18
patients (67%) previously on IVIg were still on IVIg at the start of
the dose-evaluation phase.
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Characteristic

Treatment group (intention-to-treat)

0.5 g/kg (n=34) 1.0g/kg (n = 69) 2.0g/kg (n = 36)

Female, n (%)
Age, years
Body weight, kg
Body mass index, kg/m?
EFNS/PNS criteria, n (%)
Definite CIDP
Probable CIDP
Type of CIDP, n (%)
Typical
Atypical
Prior treatment, n (%)
Corticosteroids
Immunoglobulins
Patients still on corticosteroids at start of dose-evaluation phase, n (%)
Prednisolone equivalent/day (mg)
Median (range)
Mean + SD
Patients still on IVIg at start of dose-evaluation phase, n (%)
IVig (g/kg)
Median (range)
Mean + SD
Efficacy scores at screening
Adjusted INCAT score (range 0-10)
I-RODS (range 0-48)
Maximum grip strength (kPa; range 0-160)
Dominant hand
Non-dominant hand
MRC sum score (total range 0-80)

13 (38) 31 (45) 13 (36)
57 (40-64) 59 (51-67) 61 (49-66)
83 (72-97) 80 (71-93) 77 (66-89)
27 (25-31) 27 (24-30) 25 (23-29)
34 (100) 68 (99) 36 (100)

0 1(1) 0

33(97) 62 (90) 32 (89)

1(3) 7 (10) 4(11)

29 (85) 60 (87) 32 (89)

5 (15) 9(13) 4(11)

11 (38) 20 (33) 13 (41)
20 (2.5-25) 18 (2.5-25) 20 (2.5-20)
14.8+7.7 14.947.1 14.8+7.1

2 (40) 6 (67) 4(100)
0.9 (0.3-1.4) 0.4 (0.3-0.8) 0.4 (0.2-0.7)
0.9+0.8 0.5+0.2 0.4+0.2

4 (4-5) 4 (4-5) 4 (4-5)
27 (20-32) 25 (21-31) 29 (21-32)
51 (32-68) 53 (39-78) 52 (41-64)
52 (28-70) 54 (38-76) 54 (38-67)
46 (42-50) 46 (42-52) 47 (43-53)

All values are the median (interquartile range) unless otherwise stated (intention-to-treat).

For the primary end point, the response rate in the 1.0 g/kg group
was 80% (55/69 patients; 95% CI: 69-88%) (Table 2). The lower CI
limit of 69% exceeded the predefined threshold of 42%, thus the
primary end point was met.

The adjusted INCAT score response rates in the 0.5 and 2.0 g/kg
maintenance dose groups were 65% (22/34 patients; 95% CI:
48-79%) and 92% (33/36 patients; 95% CI: 78-97%) at Week 24, re-
spectively. In patients previously on corticosteroids, the response
rate across all three dose groups was 82% (99/121 patients; 95% CI:
74-88%) and 66%, 83% and 94% in the 0.5, 1.0 and 2.0 g/kg groups,
respectively. In patients previously on immunoglobulin therapy,
the response rate across all three dose groups was 61% (11/18
patients; 95% CI: 39-80%) and 60%, 56% and 75% in the 0.5, 1.0 and
2.0 g/kg groups, respectively.

Responder rates in the 1.0g/kg dose group for grip strength,
I-RODS and MRC sum score were 65%, 55% and 72%, respectively
(Table 2). Response rates were 56%, 38% and 59% for the 0.5 g/kg
cohort and 83%, 72% and 86% for the 2.0 g/kg cohort, respectively
(Table 2).

Using logistic regression analysis, the dose group had an effect
on the treatment outcomes of adjusted INCAT score (P = 0.040),
grip strength (P =0.047), and I-RODS (P = 0.038), but not MRC sum
score (P =0.066). Odds ratio analyses comparing the 0.5 and 2.0g/
kg groups to the 1.0 g/kg group showed overlapping CIs (Table 3).
Further analyses showed that the statistical differences were not
driven in a stepwise fashion by dose, but due to the differences be-
tween the 0.5 g/kg and 2.0 g/’kg dose groups (Table 3), with an odds
ratio of 5.8 (95% CI: 1.4-23.6) for adjusted INCAT score.

An improvement in least square means change from baseline
to end of study was achieved in all dose groups for adjusted INCAT
score, grip strength, I-RODS, and MRC sum score (data not shown).

Of the 29 non-responders across the dose groups, 22 were on
corticosteroids prior to study enrolment and 11 were still on corti-
costeroids during the study. Of the 29 non-responders, 13 received
rescue treatment; six in the 0.5 g/kg group and seven in the 1.0 g/kg
group (Supplementary Table 1). The three remaining non-respond-
ers were in the 2.0 g/kg group and therefore not eligible for rescue
treatment. Three out of six (50%) patients in the 0.5 g/kg group and
4 of 7 (57%) patients in the 1.0g/kg group had an improved
adjusted INCAT score following rescue treatment (Supplementary
Table 1). In the 0.5 g/kg group, one of these patients received rescue
treatment despite the adjusted INCAT score not returning to base-
line. In the 1.0 g/kg group, another patient received rescue therapy
in error. The other 16 non-responders dropped out of the study for
various reasons and were considered study non-responders, irre-
spective of whether their adjusted INCAT score had improved at
the time they dropped out: six in the 0.5 g/kg group, seven in the
1.0 g/kg group, and three in the 2.0 g/kg group. At the time of early
termination, an improvement of >1 point in adjusted INCAT score
had been achieved by all six patients in the 0.5 g/kg group, five of
the seven patients in the 1.0g/kg group, and none of the three
patients in the 2.0 g/kg group.

One responder in each dose group did not receive rescue medi-
cation (0.5 g/kg and 1.0 g/kg group) or was not discontinued (2.0 g/
kg group) according to protocol despite being stable at Week 6 and
subsequently had a response at Week 9 (0.5 and 1.0 g/kg patients)
or Week 12 (2.0 g/kg patient) that was maintained at Week 24. In
the per protocol set, which excluded 10 intention-to-treat patients
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Parameter Treatment group (intention-to-treat) Overall
P-value
0.5 g/kg (n = 34) 1.0 g/kg (n = 69) 2.0 g/kg (n = 36)
Adjusted INCAT score 65 (48-79) 80 (69-88) 92 (78-97) 0.040
Grip strength 56 (40-71) 65 (53-75) 83 (68-92) 0.047
I-RODS 38 (24-55) 55 (43-66) 72 (56-84) 0.038
MRC sum score 59 (42-74) 72 (61-82) 86 (71-94) 0.066

All values are % of patients (95% Cl). The primary end point (adjusted INCAT score response in patients treated with 1.0 g/kg IVIg) is indicated in italics. The overall P-value is
calculated using a type 3 logistic regression analysis of effects modelling response from treatment, randomization stratum, CIDP variant, and baseline score without

interactions.

Table 3 Odds ratio analysis of the effect of treatment group on response

Parameter Odds ratio (95% CI) (intention-to-treat)
0.5 g/kg versus 1.0 g/kg 2.0 g/kg versus 0.5 g/kg 2.0 g/kg versus 1.0 g/kg
Adjusted INCAT score 0.5 (0.2-1.2) 5.8 (1.4-23.6) 2.7 (0.7-10.2)
Grip strength 0.6 (0.3-1.4) 4.2 (1.4-13.3) 2.5 (0.9-7.0)
I-RODS 0.5 (0.2-1.3) 3.9 (1.4-10.8) 2.1(0.8-5.0)
MRC sum score 0.6 (0.2-1.4) 4.1 (1.2-13.2) 2.3(0.8-6.7)
o 1.0
g 0.5 glkg
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2.0 glkg 37(1) 15 (4) 13 (4) 2(5) 2(5) 2(5)

Figure 3 Time to improvement of >1 point in adjusted INCAT score. Data by maintenance dose group in patients who achieved such an improve-

ment at any time during the study (safety analysis set).

including those three responders, the response rate was 72% (21/
29 patients; 95% CI: 54-85%) in the 0.5g/kg group, 83% (54/65
patients; 95% CI: 72-90%) in 1.0 g/kg group, and 91% (32/35 patients;
95% CI: 78-97%) in the 2.0 g/kg group (Supplementary Table 2).

More than half of all patients (n = 78; 56.1%) showed an im-
provement of >1 adjusted INCAT score point after the induction
dose of 2.0g/kg: 23 of 34 (67.6%) in the 0.5g/kg group, 35 of 69
(50.7%) in the 1.0g/kg group and 20 of 36 (55.6%) in the 2.0 g/kg
group. By Week 6, 121 of 139 (87.0%) patients had an improvement
of >1 adjusted INCAT score point: 30 of 34 (88.2%) in the 0.5 g/kg
group, 59 of 69 (85.5%) in the 1.0 g/kg group and 32 of 36 (88.9%) in
the 2.0 g/kg group.

Median time to an improvement of >1 adjusted INCAT
score point from baseline was 22, 26 and 23 days in the 0.5, 1.0 and

2.0g/kg groups, respectively (Fig. 3). Overall, 91.2% of patients in
the 0.5 g/kg group, 88.4% of patients in the 1.0 g/kg group and 91.7%
of patients in the 2.0g/kg group had an improvement of >1
adjusted INCAT score point at some point in the study. These val-
ues are higher than in the primary analysis because patients could
show an improvement in the score during the study, but subse-
quently declined or dropped out and were then considered non-
responders. Median time to response in I-RODS was 63, 64, and
43.5days in the 0.5, 1.0, and 2.0 g/kg groups, respectively.

The time to first confirmed worsening in adjusted INCAT score
by at least 1 point from the value at baseline (Week 0) revealed
that only a single patient in the 1.0 g/kg dose group met this criter-
ion, and therefore this analysis was not possible. This was also the
case for the time to first confirmed worsening in I-RODS scores as
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Table 4 Summary of related TEAEs observed in >5% of patients
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TEAE Treatment group (safety analysis set)
0.5 g/kg (n = 35) 1.0 g/kg (n = 69) 2.0 g/kg (n = 38)
Patients, (% of Events, (% of Patients, (% of Events, (% of Patients, (% of  Events, (% of
patients) infusions) patients) infusions) patients) infusions)
Any related TEAE 16 (45.7) 37 (16.1) 32 (46.4) 80 (16.6) 20 (52.6) 56 (20.8)
Headache 1(2.9) 1(0.4) 10 (14.5) 12 (2.5) 9(23.7) 14 (5.2)
Somnolence 2(5.7) 3(1.3) 0 0 1(2.6) 1(0.4)
Allergic dermatitis 4(11.4) 4(1.7) 5(7.2) 10 (2.1) 4 (10.5) 5(1.9)
Urticaria 3(8.6) 4(1.7) 0 0 0 0
Pruritus 0 0 0 0 2(5.3) 3(1.1)
Pyrexia 3(8.6) 4(1.7) 6(8.7) 6(1.2) 2(5.3) 3(1.1)
Chills 3(8.6) 4(1.7) 2(2.9) 2(0.4) 1(2.6) 1(0.4)
Blood pressure increased 2(5.7) 3(1.3) 5(7.2) 6(1.2) 0 0
Body temperature increased 2(5.7) 2(0.9) 2(2.9) 5(1.0) 3(7.9) 3(1.1)
Blood lactate dehydrogenase increased 0 0 5(7.2) 5(1.0) 0 0
Nausea 1(2.9) 1(0.4) 1(1.4) 2(0.4) 3(7.9) 5(1.9)

this occurred in only three patients: one in the 0.5 g/kg group and
two in the 1.0 g/kg group.

The proportion of patients deteriorating during the dose-evalu-
ation phase of the study was low, one each in the 0.5g/kg and
1.0 g/kg groups, as was the number of patients who were stable at
Week 6: 13 (9.4%) patients in total, with five in the 0.5 g/kg group,
six in the 1.0g/kg group, and two in the 20gkg group
(Supplementary Table 1).

Mean pain intensity according to Pain Intensity Numeric Rating
Scale score increased during the wash-out phase, then tended to
decrease through Week 24. Mean + standard deviation (SD)
changes from baseline were -2.3+3.0,-2.2+2.9 and -2.2+3.3 in the
0.5, 1.0 and 2.0 g/kg groups, respectively.

There were no clear trends over time in the nerve conduction
studies.

Median doses of IVIg administered per patient per infusion, includ-
ing the induction dose, were 70g (0.7 g/kg) in the 0.5g/kg group,
101g (1.1 g/kg) in the 1.0 g/kg group, and 155 g (2.0 g/kg) in the 2.0 g/
kg group. Dosing was based on actual body weight, and there was
no maximum daily dose.

In the 0.5 g/kg group, 16 (45.7%) patients experienced 37 related
TEAEs over 230 infusions (Table 4). In the 1.0 g/kg group, 32 (46.4%)
patients experienced 80 related TEAEs over 482 infusions, and in
the 2.0 g/kg group 20 (52.6%) patients experienced 56 related TEAEs
over 270 infusions. Overall, the most commonly reported related
TEAEs were headache in 20 patients (14.1%), allergic dermatitis in
13 patients (9.2%), pyrexia in 11 patients (7.7%), increased blood
pressure in seven patients (4.9%), and increased body temperature
in seven patients (4.9%). Headache was the most prevalent related
TEAE in the 1.0 and 2.0 g/kg groups (14.5% and 23.7%, respectively),
while the most common related TEAE in the 0.5 g/kg group was al-
lergic dermatitis (11.4% of patients). Generally, the incidence of
related TEAEs was similar across the treatment groups. The only
TEAE where a dose effect was apparent was headache, with an in-
cidence of 2.9% in the 0.5 g/kg group, 14.5% in the 1.0 g/kg group,
and 23.7% in the 2.0 g/kg group.

Five patients (3.5%) experienced TEAEs that led to discontinu-
ation of the study drug, one of which, allergic dermatitis in a pa-
tient receiving 1.0 g/kg IVIg, was considered related.

Eleven serious TEAEs were reported in six patients (4.2%). Two
of these (headache and vomiting) were reported in one patient in

the 1.0 g/kg group and considered related to IVIg treatment, but did
not lead to study discontinuation.

Two patients (1.4%) had TEAEs leading to death, but neither
event was considered related to the study drug. One patient
aspirated leading to respiratory arrest, and one developed
meningoencephalitis.

During the study, no haemolysis or thromboembolic events
were reported. Laboratory analyses of haematology, clinical chem-
istry, urinalysis and viral markers did not indicate any safety con-
cerns. There were no findings of note on physical examination or
in the vital signs data.

Discussion

The ProCID study is the largest randomized study to show that
IVIg is effective as maintenance therapy in patients with CIDP and
the first to examine systematically a lower and higher IVIg main-
tenance dose. The primary objective was to assess the efficacy of
IVIg administered as a 2.0 g/kg induction dose followed by seven
maintenance doses of 1.0 g/kg every 3 weeks. The response rate on
this regimen was 80%, and the lower 95% CI limit of 69% exceeded
the predefined threshold of 42%, indicating that the primary end
point had been met. This threshold was also exceeded in the 0.5
and 2.0 g/kg maintenance groups. Similar responses were seen in
other outcome measures.

Published guidelines recommend that the maintenance dose of
IVIg may need to be adjusted individually.? The ProCID study was
the first to examine systematically a lower (0.5 g/kg) and a higher
(2.0 g’kg) maintenance dose of IVIg in CIDP and compare efficacy
with standard dosing of 1.0g/kg. The adjusted INCAT score
response rates were 65, 80 and 92% in the 0.5, 1.0 and 2.0g/kg
maintenance dose groups, respectively. Similar incremental
improvements in response rates were observed for secondary effi-
cacy variables. Despite the study not being powered to show a stat-
istically significant dose response, a statistically significant effect
of dose on response was observed across all dose groups using lo-
gistic regression analysis. However, statistically significant differ-
ences between any two of the individual dose groups were only
seen between the 0.5 and 2.0 g/lkg maintenance groups. Our data
therefore suggest that a lower maintenance dose of 0.5 g/kg is suf-
ficient to achieve and maintain a response in 65% of patients but
that a higher dose may be beneficial to improve those not respond-
ing to low or standard dosing.
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The PATH study examined two different doses of SCIg main-
tenance therapy, 0.2 and 0.4 g/kg every week, the equivalent of 0.6
and 1.2 g/kg IVIg every 3 weeks, in patients with CIDP.'* The study
evaluated a 2-fold dose difference and found no differences in ei-
ther safety or efficacy between these two doses with a study period
of 24weeks.™ In the PATH extension study, the overall relapse
rates were 10% in the 0.4 g/kg/week and 48% in the 0.2 g/kg/week
group.?* After dose reduction from 0.4 to 0.2 g/kg/week, 51% (27/53)
of patients relapsed, of whom 92% (24 of 26) improved after re-ini-
tiation of the 0.4 g/kg/week dose.?® In our study, a 2-fold dose dif-
ference, low versus standard, or standard versus high dosing, also
did not result in a significant difference in response rate. Only the
4-fold dose difference between low (0.5g/kg) and high (2.0 g’kg)
maintenance dosing did, with an odds ratio of 5.8 (95% CI: 1.4-23.6)
for adjusted INCAT score. Thus, we postulate that a 2-fold dose dif-
ference might be too small to detect significant differences in re-
sponse rate. Therefore, a larger study, statistically powered to
compare different dose ratios, e.g. 2-fold versus 3-fold versus
4-fold, would be needed to confirm a clear dose relationship and to
identify potential patient characteristics that might help to predict
the required maintenance dose for an individual patient.

The adjusted INCAT score overall response rate of 80% with a
1.0 g/lkg maintenance dose in our study was higher than reported
in other IVIg studies: ICE 54%, PRIMA 61% and PRISM 76%.5® It is of
interest to compare groups of patients in the different studies that
have been treated previously with corticosteroids or IVIg. Selection
of patients who had previously responded to IVIg may impact the
IVIg response rate in a trial.™ Our study is the first IVIg study to in-
clude a high percentage of patients who were previously treated
with corticosteroids and not with IVIg. The higher proportion of
patients having been treated with corticosteroids might be due to
lower availability of IVIg in some of the countries. The PATH study
preselected patients based on IVIg response.'* Corticosteroids are
a first-line treatment option for CIDP.? Corticosteroids are widely
available and inexpensive, but long-term use has potentially ser-
ious side effects.>?>® Unlike the ProCID study, patients previously
on corticosteroids (>10mg/day prednisolone or equivalent) were
excluded from the ICE study,® patients previously on ‘high-dose’
corticosteroids were excluded from the PRISM study® and, al-
though corticosteroid use was not specifically excluded, no infor-
mation on prior corticosteroid use was provided in the PRIMA
study.” Furthermore, the percentage of patients classified as IVIg-
naive, but potentially on prior corticosteroids, was 23%,° 54%’ and
55%° in the ICE, PRIMA and PRISM studies, respectively, compared
with 87% who were IVIg-naive and on prior corticosteroids in our
study. These differences in prior treatment, along with other dif-
ferences in patient and study characteristics, might have influ-
enced response rates across studies and make comparisons
between the studies difficult. Nevertheless, since the ProCID study
clearly differentiated between patients previously successfully
treated with IVIg and those previously treated with corticosteroids,
with most subjects being in the latter stratum, the study provided
a unique opportunity to assess the effects of switching from corti-
costeroids to IVIg. The high response rates in the corticosteroids
stratum, 66%, 83% and 94% in the 0.5g/kg, 1.0g/kg and 2.0g/kg
arms, respectively, clearly show that subjects previously on corti-
costeroids can successfully and safely be transitioned to IVIg.

The incidence of treatment-related TEAES, except for headache,
was similar across the dose groups. Treatment was well tolerated
even in IgG-naive patients and in those regularly treated with high
dose IVIg. These data show that patients can switch from cortico-
steroids to IVIg with confidence to potentially avoid the side
effects associated with corticosteroid use.

In this study, 56% of all patients and 62% of responders showed
an improvement of >1 adjusted INCAT score point after the
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induction dose alone, i.e. by Week 3. In comparison, the percent-
age of responders who had an improved adjusted INCAT score
after the induction dose was 44% in the ICE study,” 50% in the
PRIMA study’ and 22% in the PRISM study.® This has important
implications for clinical practice. Our study and the ICE trial®’
show that nearly all patients who will respond to IVIg do so within
6-8 weeks, that is, a single induction dose and two maintenance
doses. Given the issues above with actual patient inclusion, the
translation of this to the treatment-naive patient is less clear.
When to decide that a patient is not responding to IVIg remains a
clinical decision, but these data suggest that treating longer than
3 months while waiting for a significant response is not useful.?

A limitation of the study as detailed above, in common with
other studies evaluating IVIg in patients with CIDP, is that it evalu-
ates rescue treatment mainly of previously successfully treated
CIDP patients whose condition has been allowed to deteriorate
prior to treatment, and not newly diagnosed and untreated CIDP
patients. Given that the study period was 24 weeks, the longer-
term efficacy, safety and relapse rate with the different mainten-
ance doses were not assessed in this study. However, the study
demonstrated a low rate of deterioration (1.4%) after Week 6 across
all dose groups. Other limitations of the study were that it was not
placebo controlled and was not statistically powered to detect a
dose response between the three dosing regimens.

In summary, the ProCID study demonstrated that 1.0 g/kg IVIg
is efficacious and well tolerated as maintenance treatment follow-
ing a 2.0 g/kg induction dose in patients with active CIDP, even in
those patients having been successfully treated with corticoste-
roids previously. A lower or higher maintenance dose may be
beneficial in some patients, although further studies are needed to
confirm this finding.
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