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Chronic inflammatory demyelinating polyradic-
uloneuropathy (CIDP) is an uncommon disease, 
usually causing relapsing and remitting or pro-
gressive weakness of the limbs with loss of the 
tendon reflexes and impairment of sensation. It 
affects people of all ages but is more common in 
the elderly and in men than women. In a recent 
epidemiological study in Italy, which used very 
strict diagnostic criteria [1], annual incidence 
was 0.36 and prevalence was 3.6 individuals per 
100,000, respectively [2]. Other reports of preva-
lence have suggested estimates between 1.2 and 
7.7 individuals per 100,000, but the diagnostic 
criteria and methods for capturing cases have 
varied so that there is no reliable evidence for 
variation between different geographical areas. 
There is no absolute diagnostic test, so that 
diagnosis depends on a combination of clinical 
and neurophysiological features. In particular, 
neurophysiological tests have to show evidence 

of demyelination consisting of slowing of motor 
nerve conduction, dispersion of the compound 
muscle action potential (CMAP) or partial con-
duction block. The criteria used in the Italian 
epidemiological study were originally derived 
for research purposes and were very strict [1]. 
Diagnostic criteria with less stringent neuro-
physiological criteria have been agreed upon 
by an international committee [3] and their use 
would be likely to identify more patients who 
would benefit from treatment. 

The cause of CIDP is not known, but the 
histo logical appearances of active lesions resem-
ble those of experimental autoimmune neuritis, 
showing endoneurial release of inflammatory 
mediators, deposition of complement, and infil-
tration by T cells and macrophage-associated 
demyelination. These appearances and the short-
term responses to immunosuppression have led 
to the conclusion that CIDP is an autoimmune 
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the first time that continued IVIg infusion 1 g/kg every 3 weeks protected participants from 
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disease [4]. No single autoantigen has been discovered, but in 20% 
of patients there is evidence of antibodies to P0, the major periph-
eral nerve myelin glycoprotein. This protein is one of the antigens 
capable of inducing experimental autoimmune neuritis and is the 
target of the immune response in immunodeficient, nonobese 
diabetic mice with spontaneous inflammatory neuropathy [5–8].

Consensus guidelines from an international committee pro-
pose corticosteroids and intravenous immunoglobulin (IVIg) as 
first-line treatments with plasma exchange as an additional treat-
ment option [3]. These treatments are not always adequate, and 
approximately 30% of patients are resistant to them [3]. Other 
immunosuppressive agents, such as azathioprine, methotrexate and 
cyclophosphamide, are often added, and the consensus view was 
that such treatments are justified [3], although there is no evidence 
from randomized controlled trials to support their use [9]. Despite 
treatment, 32% of patients were moderately or severely disabled on 
the prevalence day in the Italian epidemiological study [2].

Background & rationale of the ICE trial 
The original rationales for using IVIg in CIDP were its multiple 
actions on the immune system: providing anti-idiotypic anti-
bodies, blocking macrophage Fc receptors, inhibiting comple-
ment activity, and modulating central B- and T-cell function 
[10]. IVIg had been shown to be effective in the animal model of 
inflammatory neuropathy, experimental autoimmune neuritis, 
in two out of three studies [11–13]. Significant benefit from IVIg 
in CIDP had already been reported in two out of four placebo-
controlled studies of altogether 113 patients [14–17]. A Cochrane 
review calculated a significantly higher relative rate of short-term 

improvement in disability (3.17, 95% CI: 1.74–5.75) [18]. However, 
none of the trials had addressed the issue of long-term benefit 
from IVIg and no IVIg product was licensed for use in CIDP, or 
any other neuromuscular disease, by the US FDA. 

Study design 
The Immune Globulin Intravenous CIDP Efficacy (ICE) trial was 
a randomized, double-blind, placebo-controlled, response-condi-
tional crossover study of the IVIg product Gamunex® (immune 
globulin intravenous, 10% caprylate/chromatography purified 
[IGIV-C]; Talecris Biotherapeutics, Inc, Research Triangle Park, 
NC, USA) [19]. The participants had to have a diagnosis of CIDP 
made by a neurologist specialized/experienced in neuromuscular 
diseases with progressive or relapsing motor dysfunction of more 
than one limb for more than 2 months before trial entry. They 
had to meet the inflammatory neuropathy cause and treatment 
(INCAT) neurophysiological criteria for CIDP [20], confirmed by 
a central review committee. They were required to not be taking 
corticosteroids or only to be taking them in a dose not greater 
than the equivalent of prednisone 10 mg daily, and not to be tak-
ing IVIg or other immunotherapy. They had to have significant 
disability defined by an overall INCAT score of 2–9 (BOX 1) [20]. 
If the INCAT disability score was only 2, the score had to be 
derived from leg disability only. During the initial period of the 
trial, participants received IGIV-C or placebo every 3 weeks for 
up to 24 weeks. In this period, participants who did not show an 
INCAT score improvement of 1 point within 6 weeks received the 
alternate treatment (response conditional crossover). The first dose 
was 2.0 g/kg and subsequent doses were 1.0 g/kg. The primary 

Box 1. Inflammatory neuropathy cause and treatment disability score.

Arm disability
• Subjects were questioned and graded in their ability (not affected vs affected, but not prevented vs prevented) to do the following: 

– Do and undo zippers and buttons
– Wash or brush hair
– Use knife and fork together
– Handle (pick up) small coins

• Classifications:
– 0 = No upper limb problems 
– 1 = Minor symptoms, in one or both arms, not affecting the ability to perform any of the following functions: doing all zips and 

buttons; washing or brushing hair; using a knife and fork together; handling small coins
– 2 = Disability, in one arm or both arms, affecting but not preventing any of the above mentioned functions
– 3 = Disability, in one arm or both arms, preventing one or two of the above mentioned functions
– 4 = Disability, in one arm or both arms, preventing three or all of the functions listed, but some purposeful movements still possible
– 5 = Inability to use either arm for any purposeful movement

Leg disability
• Classifications: 

– 0 = Walking not affected
– 1 = Walking affected, but walks independently outdoors
– 2 = Usually uses unilateral support (stick, single crutch, one arm) to walk outdoors
– 3 = Usually uses bilateral support (sticks, crutches, frame, two arms) to walk outdoors
– 4 = Usually uses wheelchair to travel outdoors, but able to stand and walk a few steps
– 5 = Restricted to wheelchair, unable to stand and walk a few steps with help

The overall 10-point INCAT disability score was the sum of arm and leg disability
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outcome was the percentage of participants who maintained an 
improvement from baseline in adjusted INCAT disability score of 
1 point or more until week 24. 

In an extension phase, participants who showed an improve-
ment in the initial or crossover periods and completed 24 weeks 
of treatment were eligible to be randomly reassigned to IVIg or 
placebo for an additional 24 weeks. 

Data ana lysis 
Analysis was conducted by intention-to-treat. During the first 
period, responders were those who completed the 24 weeks with-
out crossing over and maintained improvement of one adjusted 
INCAT disability score point or more until week 24. The adjusted 
score was identical to the INCAT disability score except for the 
exclusion of changes in upper limb function from 0 (normal) to 
1 (minor symptoms) or from 1 to 0, which were not considered 
clinically important. For those participants who crossed over, 
responders were those who likewise maintained improvement of 
one adjusted INCAT disability score point or more until week 
24, or until the last assessment in the case of earlier withdrawal. 
The difference between the treatment groups in proportions of 
nonresponders was evaluated with a c² test (a = 0.05, 2-sided).

Secondary efficacy outcomes in the first treatment period were 
mean change from baseline in maximum grip strength at end 
point and mean change from baseline in the CMAP amplitude 
after stimulation of the most severely affected motor nerve at 
the proximal site at end point. For these measures, the ana lysis 
used a last observation carried forward approach, and treatment 
differences were compared by analyses of covariance adjusted for 
geographic region and baseline measurement.

In the extension phase, the secondary efficacy outcome was 
time to relapse by 1 INCAT disability score point compared with 
the time of entry into the extension phase. Kaplan-Meier esti-
mates and the log-rank test were used to compare the treatment 
differences for time to relapse. 

Results 
Efficacy
In total, 59 participants were initially randomized to receive IVIg 
and 58 to placebo. There were proportionally fewer men in the 
IVIg group (53%) compared with the placebo group (79%). The 

average ages were 53 years in the placebo and 50 years in the IVIg 
group, and other demographic features and measures of disability 
and impairment were well balanced. 

The results are summarized in TABLE 1. During the first period, 
in the ana lysis of the primary outcome, 32 participants (54.2%) 
who received IVIg were responders compared with 12 participants 
(20.7%) who received placebo (difference 33.5%, 95% CI: 15.4–
51.7; p = 0.0002). In support of this result, during the crossover 
period, the adjusted INCAT disability score improved by at least 
1 point in 26 out of 45 patients (57.8%) treated with IVIg and in 
five out of 23 patients (21.7%) treated with placebo (p = 0.005). 
Some of the participants had received IVIg before entry into 
the trial. There were significantly more responders regardless of 
whether they had received IVIg in the past: among those who 
had received IVIg before, 12 out of 20 (60%) who received IVIg 
in the first treatment period responded compared with 0 out of 
12 (0%) who received placebo (p = 0.0006); similarly, among 
those naive to IVIg, 20 out of 39 (51%) who received IVIg in 
the first treatment period responded compared with 12 out of 
46 (26%) who received placebo (p = 0.024). 

During the first treatment period, there was also a significant 
improvement in one of the secondary outcomes – grip strength 
of the dominant hand improved by 10.9 kPa (95% CI: 4.6–17.2) 
more in the IVIg than the placebo group (p = 0.0008) and in the 
non-dominant hand by 8.6 kPa (2.6–14.6; p = 0.005). There were 
no significant differences in the other secondary outcome mea-
sures, the mean change from baseline to end point in the CMAP 
amplitude after stimulation of the most severely affected motor 
nerve at the proximal site. However, in subsequent analyses, there 
was a significant improvement in the average of the mean change 
from baseline in the CMAP amplitude after stimulation of motor 
nerves [21]. There were also significantly greater improvements in 
the IVIg group than the placebo group in strength measured with 
the Medical Research Council sum score, in sensation measured 
with the INCAT sensory sum score and in the physical component 
summary score of the Short-Form 36 quality of life scale [19,22].

The extension phase tested 57 participants who received IVIg 
and responded to it during the initial or crossover periods: 31 
were randomly reassigned to continue receiving IVIg and 26 were 
switched to placebo. For the third secondary outcome measure, 
the participants continuing to receive IVIg had a significantly 

Table 1. Results of the Immune Globulin Intravenous CIDP Efficacy trial.

Period Intravenous 
immunoglobulin

Placebo Difference p-value

First period response 32/59 (54.2%) 12/58 (20.7%) 33.5% p = 0.0002

First period; dominant hand change in grip strength from 
baseline kPa. Mean (SD)

13.2 (19.3%) 1.5 (15.6%) 10.9 
(95% CI: 4.6–17.2)

p = 0.0008

First period; non-dominant hand change in grip strength from 
baseline kPa. Mean (SD)

13.3 (17.4%) 4.3 (14.9%) 8.6 
(95% CI: 2.6–14.6)

p = 0.005

Response conditional crossover (rescue) period response 26/45 (57.8%) 5/23 (21.7%) 36.0% p = 0.005

Extension phase relapse 4/31 (12.9%) 11/26 (42.3%) 29.4% p = 0.012

CIDP: Chronic inflammatory demyelinating polyradiculoneuropathy; SD: Standard deviation.
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longer time to relapse than those receiving placebo (p = 0.011). 
The probability of relapse was 13% on IVIg compared with 45% 
on placebo (hazard ratio = 0.19; 95% CI: 0.05–0.70).

Safety & tolerability 
The safety population consisted of 113 participants exposed to 
IVIg and 95 patients exposed to placebo. Since on average the par-
ticipants continued on IVIg much longer than placebo, there were 
1096 IVIg and 575 placebo infusions. Most adverse events asso-
ciated with IVIg were mild and the most common drug-related 
events were headache (4.0% of infusions vs 1.2% of placebo infu-
sions) and pyrexia (2.4% of infusions versus none with placebo 
infusions). Serious adverse events were reported with 0.8% of IVIg 
and 1.9% of placebo infusions. Serious adverse events thought to 
be possibly drug related with IVIg occurred in three participants 
and were pulmonary embolism, pyrexia and headache, and head-
ache and vomiting. Serious adverse events thought possibly drug-
related with placebo also occurred in three participants and were 
asthma, stroke and deep vein thrombosis. With one exception, 
moderate bronchopneumonia in a participant who had received 
IVIg, serious adverse events resolved by the end of the trial: this 
serious adverse event was not considered related to the study drug. 
Of the 1096 IVIg infusions, 227 were given as loading doses and 
of the 575 placebo infusions, 182 were given as loading doses. A 
loading dose (2 g/kg) was given only at the first visit in the first 
treatment period or the response conditional crossover period. 
There was no loading dose in the extension period. The loading 
dose was to be given over 2–4 days depending on individual tol-
erability. More than 80% of the loading doses were given over 2 
days (87% for IVIg and 83% for placebo) rather than the 5 days 
commonly used in practice. According to the protocol, the main-
tenance dose (1 g/kg) was to be administered over 1–2 days. More 
than 80% of maintenance infusions (89% for IVIg and 91% for 
placebo) were administered within 1 day. 

Conclusion
The trial strongly endorsed the overall conclusion from previous 
trials, summarized in the earlier Cochrane review [18], that in 
the short term IVIg reduces disability and impairment in people 
with CIDP of moderate or greater severity. More importantly, 
it showed for the first time that continued treatment with IVIg 
every 3 weeks helps to maintain remission, because without such 
treatment patients are significantly more likely to relapse. 

Fortunately, these benefits were achieved with a low rate of 
adverse events, and serious adverse events were not more frequent 
than with placebo infusions.

Expert commentary 
The ICE trial sponsors were successful in recruiting 33 centers 
on four continents and in enrolling almost twice the number of 
participants achieved by any other trial of CIDP. This meant 
that the power of the study was adequate to detect clinically 
important effects. The trial design and conduct ensured that the 
results would have a low risk of bias. It had a placebo-controlled 
design in which the placebo infusions contained albumen so as 

to appear identical to the IVIg infusions. Allocation was con-
cealed, and the participants and staff were blinded to the nature 
of the infusions, including during the crossover and extension 
phases. The staff of each center received training in data col-
lection methods, and data collection was conducted under FDA 
Good Clinical Practice guidelines. Discontinuations owing to 
reasons other than nonresponse/relapse were low: five out of 59 
on IVIg and four out of 58 on placebo in the initial treatment 
or response conditional crossover periods, and none out of 43 
on IVIg and four out of 31 on placebo in the extension phase. 
Owing to the low risk of bias and the concordance with previous 
trial results, we can be confident that at least this IVIg product is 
efficacious in reducing disability in the short term and, if given 
every 3 weeks, in maintaining remission. The trial provided the 
strongest evidence available of the efficacy of IVIg in CIDP and 
led to the 2008 approval in the USA and Canada of IGIV-C 
for the treatment of CIDP to improve neuro muscular disability 
and impairment and for maintenance therapy to prevent relapse.

The incidence of adverse events with this IVIg product was 
reassuringly low, but we should not lose sight of the fact that 
randomized controlled trials are usually too small or too short 
in duration to capture infrequent serious adverse events. Serious 
adverse events with different IVIg products are well recognized 
and include renal failure, stroke, exfoliative dermatitis and allergic 
reactions [23]. There is also a theoretical risk of transmitting infec-
tions with viral, prion or unknown infections, although the safety 
record in this respect of currently licensed preparations is excellent.

More research is needed to determine the best initial treat-
ment. The alternatives are corticosteroids and plasma exchange. 
The trials comparing IVIg with these treatments were too small 
and too short to show equivalence to anything except the most 
important differences [20]. The inconvenience and limited avail-
ability of plasma exchange make it an unlikely choice. The con-
venience and simplicity of corticosteroids commend their use. 
Many experts prefer IVIg as the initial treatment because of the 
concern about the side effects of corticosteroids. In patients with-
out contraindications to corticosteroids, other experts start cor-
ticosteroids but switch to IVIg in case of poor response or severe 
side effects. Corticosteroids may be inappropriate in patients 
with pure motor CIDP who have been reported to worsen with 
corticosteroids. Further trials to investigate the efficacy of cor-
ticosteroids and to compare them with IVIg are in progress. 
More research is also needed to discover the optimum dose and 
dose frequency. The 3-week dose frequency selected for this trial 
reflected the average half-life of IgG in the circulation; however, 
its half-life is variable and it is common experience that the dose 
interval has to be selected empirically on an individual basis.

The major drawback of IVIg, and one that stands in the way 
of it being regarded without question as the treatment of choice 
in CIDP, is its cost. The Medicare reimbursement rate for IVIg 
is US$67–70/g. At the higher rate, the cost of a 2.0 g/kg course 
for a 70 kg patient followed by 1.0 g/kg every 3 weeks for a year 
would be approximately US$88,000 in the USA. The princi-
pal competing treatment is corticosteroids, which are offered as 
an alternative initial and maintenance treatment option by an 
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international treatment guideline [3]. The one published cost–
effectiveness comparison suggested that IVIg would only become 
cost effective compared with prednisolone if a quality-adjusted 
life year was valued at €250,000 [24]. However, this estimate 
was based on a short-term trial, and inclusion of the costs of the 
harmful long-term side effects of corticosteroids might dramati-
cally alter this calculation. Further cost–effectiveness studies will 
be important in future research. 

It is not clear how long treatment should be continued. If the 
fact that 55% of participants randomized to placebo in the exten-
sion phase during follow-up did not relapse is reflected in practice, 
then more than half of those with CIDP treated with IVIg every 
3 weeks may enter remission and not need continued treatment. 
However, nearly half do, and it is good practice to reduce the dose 
of IVIg or withhold it periodically in patients who are on chronic 
treatment to determine whether they still need it. During the dose 
reduction or withdrawal phase, great care must be taken to observe 
the patient closely with serial observations of disability and impair-
ment the same as or similar to those used in the ICE trial and to 
reinstitute treatment rapidly when its need has been demonstrated 
by objective deterioration. The judgments are difficult and require 
experience and trust between physician and patient.

A small but important practical point is that the ICE trial gener-
ally used a 2-day infusion period for infusing the loading dose of 
IVIg rather than the commonly used 5-day period, and a 1-day 
infusion period for the maintenance dose. The shorter treatment 
period allows worthwhile reductions in administration costs and 
is preferable to patients.

Future research is needed to discover biological tests for CIDP, 
which will allow its diagnosis without reliance on arbitrary clini-
cal and neurophysiological criteria; to identify criteria which 
will identify responders to IVIg; to develop outcome measures 
with optimal biometric properties that are more responsive than 
those in current usage and allow accurate measurement of dis-
ease course in clinical practice and clinical trials; to investi-
gate the optimal dose for inducing remission and similarly the 
optimal dose and dose interval for maintaining remission; and 
finally to develop non-toxic, less expensive and more convenient 
immunotherapies that reduce or avoid the need for IVIg. 

Five-year view 
My expectation is that within 5 years other IVIg products will 
be demonstrated to be efficacious in CIDP. The initial dose of 
2.0 g/kg given over 2 days will likely remain, but we will have better 
information about the optimal maintenance frequency and dose of 
IVIg. The frequency is likely to be slightly longer than the 3 weeks 
used in the ICE trial, most commonly 4 weeks. However, both the 
dose and the frequency will be recognized as needing to be indi-
vidualized, with rare patients needing as much as 2.0 g/kg weekly 
and most patients needing approximately 1.0 g/kg every 4 weeks. 
There is likely to be a move from intravenous to subcutaneous 
administration, which has already begun [25] and will be facilitated 
by the development of more concentrated subcutaneous immuno-
globulin products. Owing to the multiple mechanisms of action 
of IVIg and likely multiple mechanisms of pathogenesis of CIDP, 

I do not anticipate that IVIg will be replaced by any component of 
it. The use of highly effective complement-inhibiting compounds, 
such as eculizumab, is of potential interest in view of the possible 
role of complement and complement-fixing antibodies in CIDP [26]. 
Although initial attempts to reduce the need for IVIg with low-
dose methotrexate have been unsuccessful [27], I anticipate that 
further trials of larger doses of methotrexate or other agents such as 
azathioprine or alemtuzumab will be shown to be efficacious and 
will be used to reduce the need for IVIg once remission has been 
achieved with IVIg, corticosteroids or a combination of both [28]. 
In fact, the development of combination treatments with induction 
of remission by a combination of IVIg and other agents would be 
a very worthwhile topic of research. These advances will only be 
achieved with an international effort, which the Inflammatory 
Neuropathy Consortium seeks to provide [101]. 
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Key issues

• The Immune Globulin Intravenous Chronic Inflammatory Demyelinating Polyradiculoneuropathy (CIDP) Efficacy (ICE) trial randomized 
117 participants with CIDP to immune globulin intravenous, 10% caprylate/chromatography purified or to placebo for 24 weeks and is 
the largest randomized controlled trial conducted in CIDP.

• During the first period, 32 out of 59 (54%) participants on intravenous immunoglobulin were responders compared with 12 out of 58 
(21%) participants on placebo (difference 33.5%; p = 0.0002).

• During the response-conditional crossover period, 26 out of 45 participants (58%) on intravenous immunoglobulin (IVIg) and five out 
of 23 patients (22%) on placebo responded (p = 0.005).

• After 24 weeks, participants who had responded in the first or crossover periods were re-randomized: 31 were reassigned to IVIg and 
26 were reassigned to placebo. The participants on IVIg had a significantly longer time to relapse than those on placebo (p = 0.011), 
and relapse occurred in 13% of 31 participants on IVIg compared with 45% of 26 on placebo.

• Adverse events were mostly mild and serious adverse events were not more common with IVIg than with placebo.
• The trial results endorse IVIg as a first-line treatment option for CIDP and led to the approval by the US FDA and Health Canada of 

Gamunex® for the treatment of CIDP to improve neuromuscular disability and impairment and for maintenance therapy to 
prevent relapse.
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