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To determine the efficacy of high doses of intrave-
ous gammaglobulin (IVIG) for the treatment of se-
ere, steroid-dependent asthma in patients between 6
nd 68 years of age, a randomized, double-blind, pla-
ebo-controlled multicenter clinical trial was con-
ucted in private and university hospitals in the
nited States. Patients were randomized to one of

hree treatment arms: 2 g IVIG/kg/month (16 patients);
g IVIG/kg/month (9 patients); or 2 g iv albumin (pla-

ebo)/kg/month (15 patients). The treatment consisted
f seven monthly infusions followed by a posttreat-
ent observation period. The primary outcome mea-

urement was mean daily prednisone-equivalent dose
equirements, determined during the observation
onth preceding initiation of treatment and com-

ared to the month preceding the seventh infusion.
econdary clinical endpoints measured were pulmo-
ary function, frequency of emergency room visits or
ospitalizations, and number of days absent from
chool or work. When adjusted for body weight, the
ean dose requirements fell by 33, 39, and 33% in the

lacebo, IVIG (1 g/kg), and IVIG (2 g/kg) treatment
rms, respectively. The differences between therapies
ere not statistically different (P 5 0.9728). The mean
ercentage-of-predicted FEV1 fell in all three treat-
ent groups during the treatment period but there
as no significant difference between treatment

roups (P 5 0.8291). There was also no significant dif-
erence in the percentage of subjects requiring emer-
ency room visits or hospitalizations or missing days
f work/school, among the three treatment groups.
he trial was terminated prematurely after interim
nalysis determined the adverse experience rate was
ifferent between the three groups. Three patients, all
andomized to the 2-g/kg IVIG dose group, were hos-
italized with symptoms consistent with aseptic men-

ngitis. In summary, in this randomized, double-blind,

1 Study ATC 92-11 was funded and supported by Alpha Therapeu-

tic Corporation, Los Angeles, California.
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126
lacebo-controlled multicenter study, high doses of
VIG did not demonstrate a clinically or statistically
ignificant advantage over placebo (albumin) infu-
ions for the treatment of corticosteroid-dependent
sthma. Subgroup analysis failed to identify markers
redicting responsiveness. High-dose IVIG can also be
ssociated with a significant incidence of serious ad-
erse events. © 1999 Academic Press

Key Words: intravenous immunoglobulin; asthma;
lacebo-controlled trial.

Asthma is a disease characterized by reversible air-
ays obstruction, which affects about 10 million people

n the United States (1). The airways demonstrate
ronchial hyperreactivity to specific antigens and non-
pecific stimuli such as cold air, histamine, and metha-
holine. Although the immunopathogenesis of asthma
s incompletely understood, chronic airway inflamma-
ion is characterized by bronchial edema, excess mucus
roduction, eosinophil, and mononuclear cell infiltra-
ion.

The recognition that asthma is an inflammatory dis-
ase of the airways has led to the recommendation that
atients with persistent asthma are most effectively
reated with daily antiinflammatory medications (2).
nhaled corticosteroids are the mainstay of therapy but
he most severely affected patients frequently require
ystemic glucocorticoids for long-term prevention of
ymptoms and control of inflammation. Patients with
evere corticosteroid-dependent asthma are at risk for
ssociated complications of therapy, including growth
ailure, hypothalamic-pituitary-adrenal axis suppres-
ion, mood alterations, weight gain, hypertension, di-
betes, osteoporosis, aseptic necrosis of long bones,
ataracts, muscle weakness, and impaired cellular im-
unity. The cumulative morbidity of these complica-

ions is high and has led to investigation of alternative

herapies with steroid-sparing potential (3–5).
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127INTRAVENOUS IMMUNOGLOBULIN FOR STEROID-DEPENDENT ASTHMA
Intravenous gammaglobulin (IVIG) has immuno-
odulatory and antiinflammatory activities. In addi-

ion to replacement therapy for humoral immunodefi-
iency disorders, IVIG is the standard of care for
mmunologically mediated disorders, including Ka-
asaki syndrome and refractory idiopathic thrombocy-

openic purpura (6–8). Additionally, IVIG has also
een shown to be as effective as plasmapheresis in the
reatment of acute Guillain–Barre syndrome (9). These
pplications of IVIG have all been demonstrated to be
afe and effective in randomized, placebo-controlled
rials.

Numerous other immunologically mediated disor-
ers have been treated with IVIG on an empirical basis
ften supported by case reports or open-labeled pilot
tudies linked to a disease with a suggested immuno-
athogenesis (10 –14). Furthermore, the immuno-
odulatory and antiinflammatory activities of IVIG

re currently undergoing characterization but the pri-
ary mechanism of action is incompletely understood

or most immune-mediated disorders.
IVIG is produced from plasma and contains millions

f antibody specificities, reflecting the humoral im-
une repertoire of the thousands of normal blood do-
ors. The interaction of IVIG with functional molecules
f the immune system, such as intracellular proteins,
ellular surface markers, membrane receptors, and an-
ibodies, may underlay its immunomodulatory activi-
ies. Suggested immunomodulatory activities of IVIG
nclude suppression of autoantibody formation, sup-
ression of T cell activation/proliferation, modulation
f NK cell activity, Fc receptor blockage or down-reg-
lated expression, antiidiotypic interactions, genera-
ion or stimulation of T suppressor cells, alteration of
onocyte/phagocyte function, inhibition of superanti-

en-induced T cell activation, and modulation of cyto-
ine production/activity (10, 13, 15–25).
In 1991, Mazer and Gelfand reported a 6-month

pen-labeled trial of IVIG in eight pediatric patients
ith severe steroid-dependent asthma and noted a

hreefold decrease in corticosteroid requirements,
ymptom scores, and skin test reactivity (26). The
uantity of both maintenance and rescue corticoste-
oids was decreased significantly, despite stable
sthma, as documented by symptom scores and twice
aily peak-flow measurements (27–30). The substan-
ial improvement seen in these open-labeled studies
as compelling enough to warrant the design of a

ontrolled clinical trial to extend and confirm the find-
ngs. This trial was designed to be a randomized, dou-
le-blinded, placebo-controlled trial to determine the
fficacy of high doses of IVIG for the treatment of
evere, steroid-dependent asthma in patients between

and 68 years of age. t
METHODS

tudy Overview

During a 2-month observation/run-in period, each
atient’s medications were optimized by the study phy-
icians, and baseline corticosteroid requirements were
etermined. After the observation period, patients
ere randomized to one of three treatment arms: 2 g

VIG/kg/month, 1 g IVIG/kg/month, or 2 g IV albumin
placebo)/kg/month. Overall, the treatment would con-
ist of seven monthly infusions followed by a posttreat-
ent observation period. Because it was postulated

hat IVIG was a potential corticosteroid-sparing ther-
peutic modality, the primary outcome measurement
as systemic corticosteroid usage. Secondary clinical
ndpoints measured were pulmonary function, fre-
uency of emergency room visits or hospitalizations,
nd number of days absent from school or work. Pa-
ients were seen at the study center on a monthly basis
or interval histories, physical examinations, and
cheduled testing. The investigators were blinded to
he treatment and results of the serum immunoglobu-
in levels until completion of the trial. They continued
o be followed by their primary physician throughout
he study period, and corticosteroid dosages were ad-
usted based on their interpretation of the patient’s
linical status. During the treatment period, steroid
eductions of 10–20% every 28 days were attempted
roviding spirometry values and clinical status re-
ained stable.

ubject Selection

All patients were between 6 and 66 years of age and
ad been previously diagnosed with asthma, defined by
he American Thoracic Society criteria. All patients
ad been unable to decrease their steroid dosage to less
han 0.1 mg/kg/day prednisone (or the equivalent) dur-
ng the prior 3 months of optimizing therapy or failed
o maintain peak flows of greater than 80% of predicted
alues on their current dose of prednisone. Patients
ere excluded if they had been diagnosed with addi-

ional, complicating lower respiratory disorders, con-
urrent renal, cardiac, or neoplastic disease, extensive
inusitis determined by sinus coronal CT or undergone
inus surgery, recent smoking, escalating immuno-
herapy, or steroid-sparing drugs (methotrexate, cyclo-
porine, or oral gold) within 2 months prior to enroll-
ent. Subjects weighing more than 120 kg or who were

regnant or nursing were also excluded.

EVALUATIONS

Radiographic. Chest X rays and sinus coronal CT
cans were obtained at baseline and at the end of the

reatment period.
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128 KISHIYAMA ET AL.
Pulmonary functions. Full pulmonary function
ests were completed at enrollment, including lung
olumes by body plethysmography, diffusion capacity,
nd flow rates before and after bronchodilator. Spirom-
try with forced expiratory volume during the first
econd of exhalation (FEV1), forced vital capacity, and
orced expiratory flow during the middle portion of
VC was performed every other month during the
reatment phase and during month 1, 3, and 6 of the
osttreatment observation period. Peak expiratory
ows were measured by mini-Wright hand-held peak-
ow meter during the observation period and every
ther month throughout the treatment phase.

Skin prick testing. Immediate hypersensitivity
kin testing was performed by skin prick method, us-
ng a standard panel of regional environmental aeroal-
ergens with appropriate histamine positive- and glyc-
rosaline diluent-negative controls.

Laboratory examinations. Serum for quantification
f immunoglobulins and IgG subclasses was obtained
t enrollment, the end of treatment, and follow-up
eriods. Complete blood counts with differential and
hemistry panels were followed serially. Hepatitis C
iral serologies, HBcAb, and circulating HBsAg mea-
urements were obtained at enrollment and study com-
letion.

Immunoglobulin infusions. Intravenous immuno-
lobulin (Venoglobulin-I, lyophilized IVIG reconsti-
uted to 10% with 4% D-mannitol, Alpha Therapeutic
orp., Los Angeles, CA) or albumin (Albutein, Alpha
herapeutic Corp.) was given as a 10% solution. The
ate of infusion was initially 0.01 ml/kg/min and, if
olerated, the rate increased by 0.02 to 0.03 ml/kg/min,
very 30 min to a maximum of 0.08 ml/kg/min. Maxi-
um tolerated infusion rates were determined on an

TAB
Patient De

ean age (years)
ean weight (kg)

ex (M:F)
thnicityb

ean baseline IgE (IU/ml)
topic by skin-prick testing
ean FEV1 %
ean initial prednisone dose (mg/day)
ean initial prednisone dose, adjusted for weight (mg/kg/day)

a Plus–minus values are means 6 SD.
b Caucasian (W), African-American (B), other (O).
ndividual basis, as patients were monitored for infu- 2
ion-related back pain, chills, headache, myalgias,
alaise, arthralgias, fever, nausea, flushing, tightness

f chest, dyspnea, and hypotension.

Statistical analysis. Certain assumptions were
sed for calculation of prednisone daily equivalents.
ne milligram of methylprednisolone was assumed to
e equivalent to 1.25 mg of prednisone. The average
aily equivalent was calculated for the second obser-
ation month and the month following the sixth infu-
ion, based on a 31-day month, assuming physician
rescriptions/tapering regimes were followed exactly
nd compliance was good.
The study was designed to have an 80% likelihood (b
0.20) of detecting a 40% decrease in mean daily

rednisone dose, with a false-positive Type I or a error
f 0.05. Power calculations determined that a study of
3 evaluable patients, divided equally between the
hree treatment arms, would detect a clinically signif-
cant difference in corticosteroid requirements. Analy-
is of variance and analysis of covariance methods
ere used to evaluate the effects of the three treatment
rms on primary outcome parameters. Secondary out-
omes and safety data were tested for normality, log
ransformed if appropriate and analyzed by either
aired t test or the x2 test.

RESULTS

Fifty-four patients were enrolled and received at
east one dose of IVIG but only 30 completed the entire
tudy, including the follow-up period. Forty patients
ere deemed evaluable, having completed six or seven

nfusions prior to study termination. There were 18
ales and 22 females, mean age 40 years, with a range

f 7–66 years, and a range of daily steroids from

1
graphicsa

IVIG
(2 gm/kg)

IVIG
(1 gm/kg) Placebo

16 9 15
38.8 6 16.4 45.9 6 16.0 37.0 6 19.6
68.0 6 20.5 77.9 6 11.3 68.8 6 21.1

3:6 8:8 7:8
12W, 2B, 2O 7W, 1B, 1O 11W, 4B
234 6 439 32.3 6 25.8 162.0 6 351.5

10 7 12
87.3 70.2 86.0

16.2 6 19.6 15.8 6 5.9 17.9 6 9.5
0.23 0.19 0.27
LE
mo
.5–80 mg prednisone equivalents per day (Table 1).
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129INTRAVENOUS IMMUNOGLOBULIN FOR STEROID-DEPENDENT ASTHMA
orticosteroid Requirements

The mean daily oral corticosteroid requirements de-
reased in all three treatment groups, when comparing
bservation month 2 and infusion 7. The mean changes
n milligrams of prednisone equivalents and the per-
entage reduction, adjusted for body weight, were not
tatistically different (P 5 0.97) (Table 2, Fig. 1). When
djusted for body weight, the mean dose requirements
ell by 33, 39, and 33% in the placebo, IVIG (1 g/kg),
nd IVIG (2 g/kg) treatment arms, respectively (Table
, Fig. 1). Furthermore, utilizing the starting dose (ob-
ervation month 2) as a covariate, there was still no
ifference in the overall dose reductions (P 5 0.87).
The mean absolute changes in prednisone equiva-

ents, unadjusted for body weight, also failed to dem-
nstrate differences between treatment groups (Table
). The mean prednisone dose requirements (milli-
rams per day) fell by 5.4 6 13.2, 6.3 6 6.6, and 6.7 6
6.9 mg, respectively (P 5 0.97).

ulmonary Functions

The mean percentage predicted (% predicted) FEV1
ell in all three treatment groups during the treatment
eriod. The subjects treated with IVIG experienced a
ean decrease of 0.7 and 4.4% predicted, respectively,

n the 2 and 1 g/kg treatment groups. The placebo
roup experienced a 2.1% decrease in % predicted
EV1. Overall, there was no significant difference in
he changes seen in pulmonary functions between
reatment groups (P 5 0.83).

linical Outcomes

While there was a broad range of missed work/school
ays for individual subjects, the median number of
chool/work days missed per subject was less than 2
ays in all three groups. The percentage of subjects
ho missed at least 1 day of work or school, during the

reatment period, was 53% in the placebo-treated
roup and 56% in both IVIG-treated groups. There was

TAB
Change in Average Daily Steroi

Study group
Initial dose

(mg/kg)

Placebo (1 g/kg albumin) 0.27
1 g/kg IVIG 0.19
2 g/kg IVIG 0.23

a Oral prednisone equivalents in mg/kg.
b ANOVA of change; P value 5 0.973.
lso no significant difference in the percentage of sub- g
ects requiring emergency room visits or hospitaliza-
ions among the three treatment groups (Table 4), nor
as the incidence of acute infection different.

mmunological Parameters

Total serum IgG levels were statistically different
mong the three treatment groups (Table 5). The se-
um IgE levels were not significantly different at en-
ollment, nor did the mean IgE levels for the treatment
roups change before and after therapy.

dverse Experiences

While there were no significant differences in corti-
osteroid requirements, pulmonary function, and clin-
cal outcomes, the adverse experience rate was differ-
nt between the three groups. Table 6 lists the adverse
xperience rate stratified by severity. Three patients,

2
ose Adjusted for Body Weighta

al dose
g/kg) Changeb 6 S.D.

Percentage
reduction

0.18 20.09 6 0.21 33
0.12 20.08 6 0.09 39
0.16 20.08 6 0.20 33

FIG. 1. Mean daily prednisone equivalents for each treatment
LE
d D

Fin
(m
roup adjusted for body weight.
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130 KISHIYAMA ET AL.
ll randomized to the 2 g/kg IVIG dose group, were
ospitalized with symptoms of headache, nausea, vom-

ting, photophobia, and meningismus. Cerebral spinal
uid analysis, negative cultures and clinical presenta-
ion were consistent with aseptic meningitis syndrome.
ther patients suffered from severe headaches, lasting
ver 24 h and sometimes requiring treatment with
arcotic analgesics. The overall rate of headaches was
6% in the placebo group but 33 and 27% in the 1 and
g/kg IVIG-treated groups, respectively; these differ-

nces were statistically significant (P 5 0.02) (Table 5).

DISCUSSION

Intravenous immunoglobulin was originally intro-
uced to supplement or replace the antibodies lacking
n humoral immune deficiency states but has been
hown to exert a number of additional activities on the
mmune system. In patients afflicted by a selected
roup of inflammatory or autoimmune disorders, it can
ead to amelioration of disease and clinical improve-

ent. The biological effects of IVIG in these cases are
oorly understood. Despite the number of conditions
or which it has been tried, the list of proven clinical
ndications remains short. Because the complications
f long-term systemic corticosteroid use are many, sev-
ral open-labeled studies have evaluated the use
f IVIG in children with corticosteroid-dependent
sthma, demonstrating clinical and physiologic im-
rovement. Mazer and Gelfand have reported de-

TAB
Absolute Change in Average Oral Daily

Study group
Initial dose

(mg/day)

Placebo (1 g/kg albumin) 17.9
1 g/kg IVIG 15.2
2 g/kg IVIG 16.2

a Oral prednisone equivalents in mg/kg.
b ANOVA of change; P value 5 0.970.

TABLE 4
Emergency Room Visits and Hospitalizations

during the Treatment Period (n 5 40)

Treatment
group n

Percentage of subjects
with emergency

room visitsa
Percentage of subjects

hospitalizedb

lacebo 15 27 13
g/kg IVIG 9 33 22
g/kg IVIG 16 19 19

a P value 5 0.73.

b P value 5 0.82. f
reases of 64% in mean daily prednisone requirements
fter 6 months of treatment with high-dose IVIG ther-
py (26). To assess the potential role of high-dose IVIG
n adults and children with severe, corticosteroid-de-
endent asthma, we conducted a double-blinded, pla-
ebo-controlled multicenter trial evaluating the effects
f IVIG on corticosteroid-requirements, pulmonary
unction and clinical endpoints including lost days of
ork or school, emergency room visits, and hospital-

zations.
Corticosteroid requirements were decreased over the

reatment period in all three groups but the difference
n responses between the three treatments was not
tatistically significant. The large variance seen in the
ral corticosteroid reductions may reflect differences in
isease severity/lability, natural variability in these
atients’ systemic corticosteroid requirements, and/or
he lack of standardized approaches to steroid dose
eduction in this trial design. Because these subjects
ad known severe asthma, heightened underlying
ronchial reactivity may have led to exaggerated clin-
cal responses to allergens, nonspecific stimuli, inhaled
rritants, and respiratory viruses. A significant num-
er of these subjects demonstrated large fluctuations
n oral corticosteroid doses, which were determined
hrough clinical assessment by the patients’ primary
hysicians. Consideration was given in the study to
educe the variability of corticosteroid dosing by hav-
ng all doses prescribed by the small number of prin-
ipal investigators at each site, utilizing symptom
core and peak-flow parameters to determine medica-
ion changes based on a prespecified dosage schedule.

3
roid Dose Unadjusted for Body Weighta

al dose
g/day) Changeb 6 S.D.

Percentage
reduction

12.4 25.4 6 13.2 30
8.9 26.3 6 6.6 41
9.5 26.7 6 16.9 41

TABLE 5
Total Serum Immunoglobulin Levelsa

Treatment group n IgG at enrollment IgG at infusion 7

Placebo 15 815 (257) 754 (228)
1 g/kg IVIG 9 747 (75) 1046 (102)b

2 g/kg IVIG 16 829 (229) 1400 (237)b

a Milligram/deciliter; standard deviations are in parentheses.
b The two means for the treatment group are significantly different
LE
Ste

Fin
(m
rom each other.
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131INTRAVENOUS IMMUNOGLOBULIN FOR STEROID-DEPENDENT ASTHMA
evertheless, while the observed standard deviations
f the oral corticosteroid dose reductions were higher
han anticipated, the magnitude of the observed treat-
ent effects was not significant compared to the mag-
itude of the placebo effect.
The mean daily oral corticosteroid doses were not

ignificantly different between the three treatment
rms; there were individual subjects, in all three
roups, who experienced dramatic reductions in their
aily corticosteroid requirements. Because our cohort
f patients was significantly older than those studied
y Mazer and Gelfand (26), exploratory statistical
nalyses were performed to identify subgroups of pa-
ients that might respond to IVIG. Age, sex, baseline
erum IgE, atopic status determined by allergy skin-
rick testing, and paranasal sinus disease were evalu-
ted as possible covariates or markers associated with
esponsiveness to IVIG. Analysis of mean daily pred-
isone doses, stratified by these parameters, failed to

dentify trends or predictors of responsiveness. Further
nalysis, using starting oral corticosteroid dose as a
ovariate, also failed to demonstrate significant differ-
nces in the changes seen in each treatment arm.
The mean total serum IgG levels increased signifi-

antly, in a dose-related response, to the IVIG infu-
ions. There were no differences seen in the incidence
f acute infection between the treatment groups. Pul-
onary function, assessed by percentage-of-predicted
EV1, fell slightly in all three treatment groups. There
ere no significant differences between groups in the
bserved changes in FEV1 signifying differences in
everity of clinical asthma at the time prednisone re-
uirements were determined.
The strength of this trial is its double-blinded, pla-

ebo-controlled design. In trials of asthma surveillance
nd therapy, considerable placebo effects are not un-
recedented. Enrollment and participation in clinical
rials does not guarantee compliance; however, sub-
ects appear to be more highly motivated during peri-
ds of more frequent medical attention and close mon-
toring. Had this trial not contained a placebo-control
roup, the decrease in corticosteroid requirements dur-
ng the treatment period may have been interpreted

TABLE 6
Adverse Experience Rate (%) by Severity

for Each Treatment Group (n 5 49)

Treatment group n Mild Moderate Severe Seriousa

Placebo 16 4.7 17.0 5.7 0.0
1 g/kg IVIG 12 15.3 23.6 5.6 0.0
2 g/kg IVIG 21 13.2 17.4 6.6 2.5

a Three subjects required hospitalization with symptoms of aseptic
eningitis syndrome.
ifferently. In 1979, Benson and McCallie described s
he potent responses to the giving and receiving of
reatment (i.e., the “placebo effect”) after reviewing
ublished trials of xanthines, vitamin E, and surgical
igation of the internal mammary artery for the treat-

ent of angina (31). Studies relying on historical com-
arisons frequently suffer from limitations and biases,
n the part of both patient and physician.
This study highlights the inherent difficulty study-

ng patients with severe, corticosteroid-dependent
sthma. Asthma can be associated with comorbidities,
uch as sinusitis, gastroesophageal reflux disease, la-
yngeal dysfunction, and psychological/psychiatric
verlay. The enrollment criteria were established to
liminate those with excessive sinus disease before
andomization, but some subjects with minor sinus
bnormalities were allowed to participate after receiv-
ng appropriate therapy. Patients were not screened
or gastroesophageal reflux disease by 24-h esophageal
H monitoring or laryngeal dysfunction by fiberoptic
asopharyngoscopy. Last, a few of the participants in
his trial were observed to have significant psycholog-
cal issues associated with their health and medical
tatus. Accurate assessment of these patients’ true oral
orticosteroid requirements proved difficult for the
anaging physicians.
Although this study was prematurely terminated

ue to the significant incidence of adverse effects in the
igh-dose IVIG group, it is highly unlikely that full
nrollment would have changed the clinical outcomes.
his study was designed to detect a statistically signif-

cant and clinically relevant steroid-sparing effect of
VIG. Because IVIG therapy might be considered both
rastic and cost-prohibitive in all but the most severely
ffected patients, clinical efficacy would need to be
ramatic to justify such therapy. Furthermore, power
alculations and sensitivity analysis demonstrated
hat a study powered to detect smaller effect sizes
ould have been untenably large and infeasible.
This trial was terminated early due to the unex-

ected high incidence of adverse experiences. Although
septic meningitis syndrome was a previously reported
omplication of IVIG, the rate in this trial, 3 cases in 40
ubjects, exceeds previous experiences (32, 33). One
atient with aseptic meningitis syndrome was hospi-
alized for 6 days after suffering from severe headache,
ash, nuchal rigidity, photophobia, and culture-nega-
ive, cerebral spinal fluid pleocytosis. Less serious but
linically severe headaches occurred in 24.7% of all
nfusions, possibly related to a number of factors, in-
luding large volumes and fluid shifts, protein loads,
nd infusion rates. Unlike many headaches seen with
ther IVIG infusions, some of these were delayed, not
nfusion rate-related or preventable with usual pre-

edications. The etiology of the aseptic meningitis syn-
rome is unknown; however, IVIG products contain

ignificant quantities of sugars and solutes that may
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132 KISHIYAMA ET AL.
otentially lead to osmotic diuresis, fluid shifts, and
lectrolyte imbalances within the central nervous sys-
em or meninges. IVIG preparations contain sugars
uch as sucrose, maltose, glucose, or D-sorbitol to sta-
ilize the monomeric immunoglobulin molecules. The
tudy preparation contained mannitol, which is not
ound in other IVIG products and has subsequently
een replaced by other stabilizers.
These adverse events highlight some of the risks

ssociated with infusions of IVIG. Other complications
ttributed to IVIG but not seen in this trial include
ransmission of infectious disease, generalized or hy-
ersensitivity reactions, and renal and hematologic
omplications (34–38).

In summary, in this controlled study, high doses of
VIG did not demonstrate a clinically or statistically
ignificant advantage over placebo (albumin) infusions
or the treatment of corticosteroid-dependent asthma.
ubgroup analysis failed to identify markers predict-

ng responsiveness, but the sensitivity of these analy-
es can be limited in small studies. For clinical appli-
ations with preliminary evidence suggesting efficacy,
e support well-designed, randomized, placebo-con-

rolled trials to demonstrate proof of concept. Beyond
ealth and economic considerations, the potential com-
lications of therapy must be outweighed by demon-
tration of clinical efficacy.
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