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ABSTRACT

Objective: Several studies have reported a reduction of relapses after the long-term administra-
tion of IV immunoglobulin (IVIG) to patients with relapsing-remitting multiple sclerosis (RRMS), but
they were mostly small and differed in terms of predefined outcome variables and treatment
regimen. We therefore set out to test two different doses of a new formulation of immunoglobulin
termed IGIV-C 10% for suppression of both clinical and MRI disease activity as well as safety.

Methods: One hundred twenty-seven patients with RRMS participated in this multicenter, ran-
domized, double-blind, placebo-controlled trial. Forty-four and 42 patients received treatment
with 0.2 and 0.4 g/kg of IGIV-C 10%, and 41 patients received an equal volume of placebo (0.1%
albumin) every 4 weeks for 48 weeks. The primary endpoint was the proportion of relapse-free
patients. The main secondary endpoint was lesion activity assessed by 6-weekly MRI.

Results: Baseline variables were similar in IVIG- and placebo-treated groups. After 1 year, the
proportion of relapse-free patients did not differ statistically according to treatment (IVIG 0.2
g/kg: 57%; IVIG 0.4 g/kg: 60%; placebo: 68%), and there was no difference regarding the cumu-
lative number of unique newly active MRI lesions (median numbers: IVIG 0.2 g/kg: 8.0; IVIG 0.4
g/kg: 5.0; placebo: 7.2) after 48 weeks. There were no significant between-group differences in
the rates of adverse events.

Conclusion: Although IV immunoglobulin (IVIG) treatment was well tolerated, this study did not
substantiate a beneficial effect of IVIG in doses ranging from 0.2 to 0.4 g/kg. This result seriously
questions the utility of IVIG for the treatment of relapsing-remitting multiple sclerosis.
Neurology® 2008;71:265–271

GLOSSARY
AE � adverse event; EDSS � Expanded Disability Status Scale; ESIMS � European Study of Immunoglobulins in Secondary
Progressive Multiple Sclerosis; GA � glatiramer acetate; Gd � gadolinium; IFN-� � interferon �; IVIG � IV immunoglobulin;
MS � multiple sclerosis; MSFC � Multiple Sclerosis Functional Composite; PRIVIG � Prevention of Relapse with Intravenous
Immunoglobulin; RRMS � relapsing-remitting multiple sclerosis.

Currently approved treatments for relapsing-remitting multiple sclerosis (RRMS) such as inter-
feron � (IFN-�) and glatiramer acetate (GA) are only partially effective in reducing relapse
rates and the patient’s accumulation of disability over time. Their adverse event (AE) profiles
and routes of administration also make their use less acceptable for some patients. There is
therefore a need to find better tolerated, more effective therapeutic alternatives.

IV immunoglobulin (IVIG) has previously shown promise in this respect. Several double-
blind, placebo-controlled trials of IVIG1-4 in RRMS demonstrated beneficial clinical effects in
the same range or higher as that of IFN-� or GA, with annual exacerbation rates reduced by up
to 59% compared with placebo1 and an approximately 60% reduction in active MRI lesions.3

However, these effects were achieved by monthly IVIG doses ranging from 0.2 to 2.0 g/kg
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body weight, which does not allow determi-
nation of an optimal therapeutic regimen.
The relatively small patient groups examined,
a frequently single-center study design, and
the lack of more comprehensive documenta-
tion of the morphologic effects by MRI are
further weaknesses of the prior studies. We
therefore initiated the Prevention of Relapse
with Intravenous Immunoglobulin (PRIVIG)
study to assess the safety and efficacy of two
different doses of a new formulation of IVIG
(IGIV-C 10%) in regard to both clinical and
MRI markers of multiple sclerosis (MS) dis-
ease activity.

METHODS Study design and patients. This was a multi-
national, randomized, double-blind, placebo-controlled phase II
trial of 127 patients with a diagnosis of MS according to the
McDonald criteria5 and a clinical course of RRMS.6 Further in-
clusion criteria were age between 18 and 55 years and disease
duration not exceeding 5 years. Patients’ disability score had to
be �5.0 on the Expanded Disability Status Scale (EDSS),7 and
patients had to have active disease as evidenced by at least one
documented relapse in the year before entering the study. Pa-
tients were recruited at 7 North American and 23 European sites
(including 1 in Israel) over a period of 26 months.

The study comprised two treatment arms of IVIG (0.2 or
0.4 g/kg) and one placebo arm. For IVIG, we used a new formu-
lation, termed IGIV-C 10% (Talecris Biotherapeutics, formerly
Bayer HealthCare AG), and albumin 0.1% served as placebo.
The manufacture of IGIV-C requires significantly fewer steps,
has a 70% shorter processing time, and produces a more highly
purified final product than the former production process
(IGIV-SD). Considerable effort was made to achieve optimal
blinding, including the provision that all patients received a total
volume of 4 mL/kg body weight per infusion, which was ad-
justed by the addition of dextrose 5%. The treatment during the
48-week study period consisted of a total of 12 infusions that
were administered at regular intervals of 4 weeks. Patient ran-
domization to treatment groups was performed with stratifica-
tion for the presence or absence of one or more gadolinium-
enhancing lesions on the first of two MRI examinations obtained
at an interval of 6 weeks before the initiation of treatment
(run-in phase). Randomization was performed by the unblinded
pharmacist who assigned random code numbers from sealed en-
velopes available for each stratum in a sequential manner. The
random code was computer generated by the Statistics and Data
System Department of Bayer.

Clinical assessments were performed in the run-in phase and,
after the first infusion, every 12 weeks for a total of 48 weeks.
They comprised the Functional System Score and the EDSS,7

which were assessed by an evaluating physician who was other-
wise not involved in patient care including administration of the
infusion and the Multiple Sclerosis Functional Composite
(MSFC).8

A total of eight MRI examinations were obtained at intervals
of every 6 weeks with a standardized MRI protocol including a
dual-echo T2-weighted sequence and a T1-weighted sequence
before and after administration of gadolinium-DTPA in a dos-
age of 0.1 mmol/kg body weight. Slice thickness was 3 mm. The

quality control of MRI data acquisition including exact reposi-

tioning and the MRI image analysis were performed centrally

and fully blinded to all clinical information.9,10

The primary outcome variable of this study was the differ-

ence in the proportion of relapse-free patients during the study

period, based on all reported relapses, between treatment groups.

To increase the sensitivity for this endpoint, we decided to con-

sider not only confirmed but also unconfirmed relapses; the lat-

ter constituted 17.1% of all reported relapses. A relapse was

defined as the appearance or reappearance of one or more neuro-

logic symptoms or as the worsening of an old symptom attrib-

uted to MS persisting for at least 48 hours and immediately

preceded by a relatively stable or improving neurologic state of at

least 30 days, in the absence of flu or fever. Objective confirma-

tion of a relapse demanded deterioration by at least half a point

on the EDSS or two points on one of seven functional systems,

or one point on two or more of the functional systems. Events of

deterioration solely consisting of a change in bowel/bladder

function or cognitive function were not considered as a relapse.

The secondary outcome variable was the cumulative number

of unique newly active lesions observed over 48 weeks. This vari-

able comprised new gadolinium-enhancing lesions as well as new

and newly enlarging nonenhancing T2-weighted lesions seen on

repeated MRI.

Exploratory clinical outcome variables were the annual re-

lapse rate, the time to first relapse, and the change in EDSS and

MSFC. Exploratory MRI variables comprised the percentage of

patients/scans with at least one unique newly active lesion, the

cumulative number of new gadolinium-enhancing lesions, the

change in volume of hyperintense lesions on T2-weighted scans,

and the change in brain volume as defined by the brain fractional

ratio. The T2-weighted lesion volume (burden of disease) was

assessed with a semiautomatic lesion segmentation tool, and the

brain fractional ratio was derived by subtracting the CSF volume

from the intradural volume and normalizing to the intradural

volume using validated in-house software.11

Statistical methods. For analysis and interpretation of the

trial results, the investigators had unrestricted access to all data.

All randomized patients were included in the intent-to-treat (pri-

mary efficacy population) analysis of efficacy, except for one sub-

ject who turned out to have another diagnosis (figure 1). All

patients receiving any amount of study medication were in-

cluded in the safety analysis. Categorical/qualitative data were

analyzed by Cochran–Mantel–Haenszel tests adjusted for strati-

fication. Quantitative data were assessed by analyses of variance

or analyses of covariance with treatment group and stratification

as fixed factors. Time-to-event data were analyzed by log rank

tests adjusted for stratification.

Sample-size determination was based on the intent to pool

the two groups of patients receiving IVIG treatment for the pri-

mary efficacy analysis. Assuming a proportion of 50% relapse-

free patients in the placebo-treatment group and a 5% two-sided
�, it was thought that a sample size of 40 patients per treatment

group was sufficient to detect an increase of approximately 50%

of the proportion of relapse-free patients in the active treatment

groups (leading to a proportion of 75% of relapse-free patients)

with an 80% power.

RESULTS Baseline demographics. Subjects were
randomized at baseline (week 0) after reassessment of
eligibility. The study population disposition is dis-
played in figure 1. The intent-to-treat population
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consisted of 95 women (74.8%) and 32 men
(25.2%) aged between 18 and 54 years (median: 33
years; mean � SD: 33.1 � 8.0 years); 96.9% of the
subjects were white. Table 1 summarizes other rele-
vant demographic, clinical, and MRI information at

baseline. As can be seen, the study population con-
sisted primarily of early MS patients, and all major
baseline variables were well matched between the in-
vestigational subgroups.

Efficacy. We observed no difference between treat-
ment groups regarding the primary outcome vari-
able, i.e., in the proportion of relapse-free subjects
based on all reported relapses. In the combined IVIG
group, 58.1% of patients remained relapse free. The
placebo group performed even better, with 68.3% of
patients free of relapses during the study period (ta-
ble 2 and figure 2). The p value for the treatment
effect was 0.29.

There was also no difference between the com-
bined IVIG and placebo groups regarding the sec-
ondary outcome variable, i.e., the cumulative
number of unique newly active lesions (table 2 and
figure 2). With a median number of unique newly
active lesions of 5.0 (range 0.0–538.0) in the IVIG
group and 7.2 (range 0.0 –218.0) in the placebo
group, the p value for the treatment effect was 0.46
(analysis of covariance with baseline burden of dis-
ease volume as a covariate).

The dosage of IVIG, i.e., treatment with IVIG 0.2
g/kg or IVIG 0.4 g/kg body weight, did not impact
these results. Neither a separate comparison of the two
IVIG dose groups with the placebo group nor a com-
parison between the two dose groups showed any signif-
icant difference (all p values � 0.2). The analysis of
exploratory efficacy variables (table 2) also failed to sup-
port the superiority of IVIG over placebo treatment,

Figure 1 Patient flowchart with disposition of subjects

IVIG � IV immunoglobulin; MS � multiple sclerosis.

Table 1 Baseline characteristics (intent-to-treat population)

Baseline variables IVIG 0.2 g/kg (n � 44) IVIG 0.4 g/kg (n � 42) Both IVIG groups (n � 86) Placebo (n � 41)

Age at study entry, y 31.9 � 7.5 34.4 � 7.9 33.1 � 7.8 33.0 � 8.7

Age at first symptoms of MS, y 29.7 � 7.4 32.1 � 7.6 30.9 � 7.5 31.2 � 8.7

Duration since first symptoms, y 2.8 � 1.9 2.7 � 2.1 2.8 � 2.0 2.3 � 1.5

Duration since first diagnosis, y 1.4 � 1.4 1.6 � 1.6 1.5 � 1.5 1.3 � 1.4

EDSS 1.8 � 0.9 2.1 � 1.1 2.0 � 1.0 2.1 � 1.2

No. of relapses in the past 12 mo 1.6 � 0.9 1.4 � 0.6 1.5 � 0.8 1.4 � 0.8

Duration since last relapse, days 142.8 � 61.5 154.7 � 103.7 148.6 � 84.5 181.1 � 96.7

Gd positive at first assessment (%) 21 (48) 19 (45) 40 (47) 15 (37)

Burden of disease volume, cm3

Gd positive* 9.2 � 12.7 12.3 � 13.5 10.6 � 13.0 10.0 � 13.8

4.1 (1.1–57.1) 5.2 (0.4–53.0) 4.4 (0.4–57.1) 5.3 (1.1–54.1)

Gd negative* 6.1 � 6.9 3.7 � 2.8 4.9 � 5.3 6.4 � 7.6

3.7 (0.5–22.1) 3.8 (0.7–10.6) 3.7 (0.5–22.1) 3.5 (0.4–28.0)

Total 7.5 � 10.1 7.6 � 10.1 7.6 � 10.0 7.7 � 10.3

3.9 (0.5–57.1) 4.0 (0.4–53.0) 4.0 (0.4–57.1) 3.5 (0.4–54.1)

Data are n (%), mean � SD, or median (range).
*Stratification according to first MRI assessment; Gd lesion(s) present vs absent.
IVIG � IV immunoglobulin; MS � multiple sclerosis; EDSS � Expanded Disability Status Scale.
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except for a smaller reduction in the brain fractional
ratio of IVIG-treated patients at 48 weeks (median:

IVIG 0.2 g/kg, �0.007; IVIG 0.4 g/kg, �0.003; pla-
cebo, �0.008; IVIG 0.4 g/kg vs placebo: p � 0.02). To
illustrate the impact of the stratification factor, table 2
also shows the performance of the treatment groups in
regard to the presence or absence of a contrast-
enhancing lesion at baseline.

Safety. Approximately 70% of the subjects in the
three treatment groups experienced at least one
treatment-emergent AE— only 3.9% with the in-
tensity severe, with the highest incidence in the
placebo group (78.0%) and lowest in the IVIG 0.4
g/kg group (66.7%). Most AEs fell into the cate-
gory “infusion related” (39.1% in the combined
IVIG group and 46.3% in the placebo group),
with headache and nausea occurring at slightly
higher rates in both IVIG groups.

Figure 2 Primary and secondary outcomes in placebo- and IV immunoglobulin
(IVIG)-treated patients with relapsing-remitting multiple sclerosis
after 1 year

Table 2 Primary and main secondary outcome variables and annualized relapse rate (intent-to-treat population)

Outcome variable IVIG 0.2 g/kg (n � 44) IVIG 0.4 g/kg (n � 42) Both IVIG groups (n � 86) Placebo (n � 41)

Proportion of relapse-free patients

Gd lesion(s) present* 14 (66.7) 8 (42.1) 22 (55) 11 (73.3)

Gd lesion absent 11 (47.8) 17 (73.9) 28 (60.9) 17 (65.4)

Total 25 (56.8) 25 (59.5) 50 (58.1) 28 (68.3)

Annualized relapse rate

Gd lesion(s) present* 0.63 � 1.09 1.50 � 2.82 1.04 � 2.12 0.65 � 1.50

Gd lesion absent 1.34 � 2.50 0.38 � 0.78 0.86 � 1.89 0.41 � 0.61

Total 1.00 � 1.97 0.88 � 2.04 0.94 � 1.99 0.50 � 1.02

Cumulative no. of unique newly active lesions

Gd lesion(s) present* 50.5 � 115.7 60.0 � 74.1 54.9 � 97.6 37.8 � 54.6

13.0 (2–538) 26.5 (0–231) 17.1 (0–538) 20 (4–218)

Gd lesion absent 9.4 � 18.6 6.4 � 13.1 7.9 � 16.1 6.2 � 10.6

2.0 (0–88) 1.1 (0–52) 2.0 (0–88) 1.3 (0–47)

Total 29.0 � 82.7 30.5 � 56.7 29.7 � 71.1 18.0 � 37.1

8.0 (0–538) 5.0 (0–231) 5.0 (0–538) 7.2 (0–218)

Change in burden of disease volume, cm3

Gd lesion(s) present* 2.8 � 4.2 2.5 � 4.8 2.6 � 4.4 0.6 � 3.4

1.4 (�1.3–15.8) 0.5 (�3.1–14.0) 1.3 (�3.1–15.8) 0.2 (�5.9–8.1)

Gd lesion absent 0.5 � 1.9 0.2 � 0.6 0.4 � 1.4 0.8 � 1.5

0.0 (�2.8–6.9) 0.3 (�2.0–1.0) 0.0 (�2.8–6.9) 0.3 (�1.8–5.0)

Total 1.6 � 3.4 1.3 � 3.4 1.4 � 3.4 0.7 � 2.4

0.2 (�2.8–15.8) 0.3 (�3.1–14.0) 0.3 (�3.1–15.8) 0.3 (�5.9–8.1)

Change in brain parenchymal fraction, ratio

Gd lesion(s) present* �0.010 � 0.011 �0.006 � 0.010 �0.008 � 0.010 �0.012 � 0.011

�0.007 (�0.035–0.005) �0.005 (�0.034–0.010) �0.007 (�0.035–0.010) �0.013 (�0.028–0.016)

Gd lesion absent �0.004 � 0.010 0.000 � 0.010 �0.002 � 0.010 �0.004 � 0.008

�0.003 (�0.026–0.011) 0.001 (�0.019–0.024) �0.002 (�0.026–0.024) �0.006 (�0.019–0.011)

Total �0.007 � 0.010 �0.003 � 0.010 �0.005 � 0.010 �0.007 � 0.010

�0.007 (�0.035–0.011) �0.003 (�0.034–0.024) �0.004 (�0.035–0.024) �0.008 (�0.028–0.016)

Data are n (%), mean � SD, or median (range).
*Gadolinium (Gd)-enhancing lesion(s) present on baseline scan.
IVIG � IV immunoglobulin.
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Serious AEs were reported for two subjects in the
IVIG 0.2 g/kg group (convulsion, vasculitis), two sub-
jects in the IVIG 0.4 g/kg group (ophthalmic herpes
zoster, irritable bowel syndrome), and three subjects in
the placebo group (ovarian cyst, cholecystectomy,
placement of a dental prosthesis). In all instances, the
investigators thought that the serious AEs were unre-
lated to the study drug, and the AEs completely re-
solved except for the vasculitis, which remained
unchanged.

DISCUSSION Earlier studies in RRMS have consis-
tently shown beneficial effects of IVIG on various
measures of disease activity, but so far, their evidence
was thought to be insufficient to recommend IVIG
as first-line treatment for this indication.12,13 This
prompted the initiation of the PRIVIG trial, which
aimed at the provision of 1) confirmatory data on the
efficacy of long-term IVIG treatment in RRMS, 2) a
comparison between two doses of IVIG, and 3)
safety data for a new formulation of IVIG, i.e.,
IGIV-C 10%. However, the PRIVIG trial showed
neither a difference in the major clinical and MRI
outcome variables between IVIG- and placebo-
treated patients with RRMS nor an indication for
dose-related effects. Treatment with IGIV-C 10%
was safe and well tolerated.

Both the design and the execution of the PRIVIG
trial, including clinical and MRI evaluations, fol-
lowed the standards required of modern randomized,
double-blind, placebo-controlled, prospective trials
in RRMS and International Conference on Har-
monisation–Good Clinical Practices requirements.
The negative results of the PRIVIG trial therefore
cannot be attributed to a problem of data quality.
Furthermore, demographic and clinical baseline vari-
ables were well matched between treatment groups,
except for a somewhat lower proportion of patients
with a contrast-enhancing lesion at first assessment
in the placebo group than in patients subsequently
treated with IVIG despite stratification.

Regarding the overall pattern of results, some is-
sues seem noteworthy. In this study, a high rate of
patients, including those receiving placebo, did not
experience a relapse. The annualized relapse rate of
placebo patients in the PRIVIG study was even lower
than that of actively treated patients in earlier pivotal
studies of immunomodulatory drugs for RRMS, in-
cluding the largest multicenter trial with IVIG.1,14-16

One possible explanation for this observation is the
fact that we aimed at investigating patients with a
relatively short disease duration, ranging around 2.5
years, which is substantially lower than in earlier tri-
als of RRMS. This was achieved by using the Mc-
Donald criteria for the diagnosis of MS and by

limiting the allowed maximum disease duration to
�5 years. Therefore, the overall disease activity of
our study population may have been more like that
observed in populations with a clinically isolated syn-
drome than in those with long-standing RRMS, de-
spite the effort to select patients with active disease
by requiring the occurrence of at least one relapse
within 12 months before study entry. Interestingly,
in a recent trial in patients with clinically isolated
syndromes, IVIG seemed superior to placebo in pre-
venting conversion to clinically definite MS, i.e., pre-
venting the occurrence of a new relapse.17 The
tendency for a lower annualized relapse rate of the
placebo population has also been seen in more recent
trials of immunomodulatory drugs, such as natali-
zumab, despite a longer disease duration with a me-
dian of 5 years.18

Looking at the interaction of Gd-positive, i.e.,
contrast-enhancing, lesions at first evaluation with
the patients’ subsequent clinical course and morpho-
logic disease activity provides some important in-
sights. Patients with contrast-enhancing lesions at
their first MRI showed a greater burden of disease
volume at baseline and a 5- to 10-times-higher mean
number of unique newly active lesions than their
counterparts without contrast-enhancing lesions in
all treatment groups. This fact, however, did not
translate in a similar manner into patients’ clinical
disease activity such as their relapse rate. In the group
of patients treated with IVIG 0.2 g/kg, even a reverse
association was seen, i.e., the annualized relapse rate
of patients with a gadolinium-positive lesion at first
examination was only half of that of patients without
contrast enhancement. These observations fit with
the notion that contrast-enhancing lesions, especially
when just noted in one examination, are only a weak
predictor of subsequent clinical relapses.19 Thus,
stratification for active lesions at baseline MRI can
obviously not serve to homogenize the subsequent
appearance of relapses within groups, especially when
dealing with relatively small patient samples.

Contrasting earlier positive results of IVIG re-
garding both clinical and MRI measures, it is diffi-
cult to explain why PRIVIG did not demonstrate any
beneficial signs of IVIG despite several limitations.
The number of patients investigated in PRIVIG was
relatively small and the observational period covered
was relatively short (only 1 year), but other studies
have been able to at least document trends toward
efficacy during this period. Because the ability to
demonstrate efficacy is dependent on the placebo
group showing significantly more clinical and MRI-
related disease activity, perhaps the aforementioned
peculiarities of patient selection led to an overall
milder disease comparator population. This did not
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have the predicted number of events expected in the
initial study design, and thus could have produced a
type II error or not enough statistical power to show
a difference with treatment. It can also be argued that
our sample size calculation was overly optimistic. In-
deed, we assumed a 50% increase in the proportion
of relapse-free patients over 1 year based on the re-
sults of the Austrian Immunoglobulin in MS study.
Furthermore, the study was not powered for proving
a statistical difference between the two dosages of
IVIG treatment in regard to the primary clinical out-
come variable. This seemed acceptable under the ex-
pectation that dose-related clinical signals would be
supported by the potentially more sensitive MRI
outcome variables and in consideration of the feasi-
bility of the study. Even with these limitations, how-
ever, the complete absence of any treatment-related
positive signal in the primary and main secondary
outcome variables argues against the assumption that
a larger trial population would have changed the out-
come of this study. Although clinically beneficial re-
sults have been observed in RRMS at dosages used in
the PRIVIG trial, we cannot exclude that a higher
dose of IVIG might have been more effective. In the
European Study of Immunoglobulins in Secondary
Progressive Multiple Sclerosis (ESIMS), however, a
dose of 1 g/kg body weight did not lead to a reduc-
tion of disease activity as indicated by the number of
relapses and new and contrast-enhancing MRI le-
sions.20 Interestingly, the only morphologic signal at-
tributable to the treatment with IVIG in ESIMS was
a reduction in the rate of brain atrophy, a finding
that was replicated in the PRIVIG trial. However,
the pathophysiologic causes and consequences of this
observation are as yet completely unclear, as dis-
cussed elsewhere.21
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Dr. Patricia Coyle, T-12 Health Sciences Center, Stony Brook, NY; Dr.

Timothy Vollmer, St. Joseph‘s Hospital and Medical Center, Phoenix,
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