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Current usage of intravenous immune globulin and the rationale
behind it: the Massachusetts General Hospital data and a review of
the literature
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BACKGROUND: Intravenous immune globulin (IVIG) has
been approved by the Food and Drug Administration
(FDA) for use in 6 conditions: immune thrombocytopenic
purpura (ITP), primary immunodeficiency, secondary
immunodeficiency, pediatric HIV infection, Kawasaki
disease, prevention of graft versus host disease (GVHD)
and infection in bone marrow transplant recipients.
However, most usage is for off-label indications, and for
some of these comprehensive guidelines have been
published.

STUDY DESIGN AND METHODS: We retrospectively
reviewed all approved IVIG transfusions at
Massachusetts General Hospital in 2004 to identify the
current usage pattern and completed a literature
review.

RESULTS: IVIG was most commonly used in the
treatment of chronic neuropathy, which included chronic
inflammatory demyelinating polyneuropathy (CIDP) and
multifocal motor neuropathy. For such patients, the annual
cost of IVIG can exceed $50,000 per patient. Other
common indications were the treatment of
hypogammaglobulinemia, ITP, renal transplant rejection,
myasthenia gravis, Guillain-Barre syndrome, necrotizing
fasciitis, autoimmune hemolytic anemia, and Kawasaki
disease. IVIG was administered in a variety of other
indications each representing <3% of the total treated
patients.

CONCLUSION: Only a few indications account for most
of the usage for IVIG. Reports concerning IVIG continue
to grow at a tremendous pace but few high-quality
randomized controlled trials have been reported.
Randomized trials are especially needed for conditions
such as CIDP, which consume large quantities of
product.

ntravenous immune globulin (IVIG) is a plasma pro-

tein derivative used in the treatment of a diverse

variety of conditions. The cost per gram of IVIG

ranges from $50 to $80. In 2004 our institution
infused IVIG at an annual acquisition cost of approxi-
mately $4 million, making it the most expensive blood
product dispensed by the Blood Transfusion Service (BTS).
Usage of IVIG appears to be increasing.? IVIG is produced
from pooled plasma of thousands of blood donors by
multiple fractionation and processing steps to reduce its
infectious risk and obtain its therapeutic component. As
such, it contains mainly immunoglobulin G (IgG) but also
traces of other immunoglobulins. Although this product
has been administered in nearly 100 conditions, it has
been approved by the Food and Drug Administration
(FDA) for use in only 6 conditions: immune throm-
bocytopenic purpura (ITP), primary immunodeficiency,
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secondary immunodeficiency, pediatric human immuno-
deficiency virus (HIV) infection, prevention of graft-
versus host disease (GVHD) and infection in bone marrow
transplant (BMT) patients, and Kawasaki disease (KD).
Most of the usage is for off-label indications, for which
comprehensive guidelines have been published else-
where.? The patterns of usage of IVIG continue to change.
Despite the availability of comprehensive guidelines, cli-
nicians occasionally request this product in circum-
stances where it has not been recommended, sometimes
as a last resort when conventional therapies have failed.
Examples from our experience include requests to treat
autism, amyotrophic lateral sclerosis, antibiotic-associ-
ated colitis, paraneoplastic syndromes, and other disor-
ders. Therefore, we began a process in 1998 whereby all
requests for IVIG are evaluated by the BTS physician
before issuing for use in patient care. Under the direction
of the hospital transfusion committee, Massachusetts
General Hospital (MGH) has developed guidelines for
IVIG use. The guidelines are based on published guide-
lines, recent literature, and expert local opinion from an
ad hoc committee composed of leadership in neurology,
hematology, infectious disease, rheumatology, dermatol-
ogy, nephrology, gastreenterclogy, transplantation, and
the burn service. All requests for IVIG are reviewed by a
BTS physician. Requests outside the guidelines are gener-
ally not filled although requesting physicians may appeal
to the committee for an exception. We report here our
current usage pattern of IVIG, which is probably influ-
enced by the above-mentioned process, and review recent

publications regarding the most common reasons for
requests.

PATIENTS AND METHODS

We retrospectively reviewed all approved requests for 2004
with the centralized log for issued products. The diagnosis
recorded in our database was verified with the patient
chart when necessary. A small number of nine patients
without clear diagnoses or limited access medical records
were excluded from our analysis. Dosages were calculated
by adding all issued IVIG products for individual patients
and adjusted for returned products.

The literature review was performed in January 2005.
To select the most relevant articles we searched the
PubMed database of the National Library of Medicine with
the terms IVIG, IGIV, immune globulin intravenous in
combination with hypogammaglobulinemia, immune
deficiency, immune-mediated thrombocytopenia, ITP
chronic inflammatory demyelinating polyneuropathy,
CIDB Guillain-Barre syndrome, multiple sclerosis, organ
transplant, bone marrow transplant, pediatric HIV/AIDS,
and necrotizing fasciitis. We did not limit the search based
on the language of publications.

RESULTS

Usage of IVIG at the MGH for 2004 is summarized in
Table 1. In this year, approximately 44,000 inpatients were
admitted to MGH with approximately 32,000 surgeries

TABLE 1.The usage of IVIG at MGH, Boston, Massachusetts, in 2004

Number of Mean usage
Diagnosis patients (n = 194)* Overall amount (g)tt per patient (g)
Chronic neuropathy (including CIDP, MMN) 56 (28.9) 29.850 (61.9) 530
Secondary hypogammaglobulinemia§ 34 (17.5) 3205 (6.6) 90
Idiopathic thrombocytopenic (ITP) 20 (10.3) 3820 (7.9) 190
Primary hypogammaglobulinemia 18 (9.3) 3060 (6.3) 170
Renal transplantation 12 (6.2) 485 (1) 40
MG 9 (4.6) 1785 (3.7) 190
GBS 8 (4.1) 1525 (3.2) 190
Common variable immunodeficiency 8 (4.1) 1510 (3.1) 190
Necrotizing fasciitis 6 (3.1) 730 (1.5) 120
AlHA 6 (3.1) 440 (0.9) 70
Kawasaki syndrome 5 (2.6) 105 (0.2) 20
Dermatomyositis 2 (1) 985 (2) 490
HIV 2(1) 300 (0.6) 150
Liver transplantation 2(1) 75 (0.2) 35
Pre—heart transplantation desensitization 1(0.5) 120 (0.2) 120
Myopathy 1(0.5) 105 (0.2) 105
Juvenile rheumatoid arthritis 1(0.5) 90 (0.2) 90
Parvovirus infection 1(0.5) 20 (0.0.4) 20
Hemolytic disease of the newborn 1(0.5) 10 (0.02) 10
Neonatal alloimmune thrombocytopenia 1(0.5) 10 (0.02) 10

* Data are reported as number (%).
1 Data are reported as amount (% of total usage).

§ Due to hematologic malignancy/BMT.

T Relative proportions of total usage were calculated based on a total usage of 48,230 g.
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and 3600 deliveries being performed.? There were approx-
imately 1200 patients discharged from the neurology
service and 800 patients discharged from the hematology-
oncology ward (including the bone marrow transplanta-
tion [BMT] ward).? A total of 194 patients were included in
our analysis and were transfused approximately 48,230 g
of IVIG. The different indications are listed in Table 1.

The mean usage for the most frequent indication
chronic neuropathy (n=56; 28.9%), which included
chronic inflammatory demyelinating polyneuropathy
(CIDP) and multifocal motor neuropathy (MMN), was
530 g (corresponding to approx. $34,500) per patient per
year. Other common indications were the treatment of
hypogammaglobulinemia, ITB renal transplant rejection,
myasthenia gravis, Guillain-Barre syndrome (GBS), necro-
tizing fasciitis, autoimmune hemolytic anemia, and
Kawasaki syndrome. A variety of other indications each
representing less than 3 percent of the total treated
patients are listed in Table 1.

DISCUSSION

Given the cost of IVIG, its side effect profile, and limited
data about its clinical benefits in many conditions, physi-
cians must distinguish between appropriate and inappro-
priate usage of this plasma product. Expert groups, such
as the University Hospital Consortium (UHC) IVIG Expert
Panel have raised several caveats with regard to various
indications.?

A study conducted by the UHC in 1998 summarized
the inpatient use of IVIG at 12 of its member institu-
tions. Forty-two percent of those patients received IVIG
for labeled indications. Of the remaining 58 percent of
patients who received IVIG for off-label indications, only
12 percent coincided with the UHC model guidelines for
acceptable use.* These results are in agreement with
estimates from the FDA that 50 to 70 percent of IVIG is
used in off-label indications.’ Interestingly, our data
show that the majority of our current use matches
guidelines. The reason for this lies in the fact that previ-
ous data and a shortage of IVIG in the late 1990s
prompted the MGH to institute a prerelease review pro-
cess for the usage of IVIG. Every order by a clinician
needs to be reviewed by a physician from the BTS and
approved before release.

Our data may not be representative for the general
usage of IVIG in common clinical practice, however.
Patients with many chronic (e.g., demyelinating neuropa-
thies) or life-threatening conditions (e.g., necrotizing fas-
ciitis) are seen more frequently at referral centers like our
institution and other conditions (e.g., pediatric HIV) may
be less frequently encountered than at hospitals that serve
patient populations where the prevalence of HIV is high.
The most recent UHC technology assessment guidelines
were published in 1999. At that time, much of the available
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evidence for the effectiveness of IVIG was anecdotal or
originated from uncontrolled, open studies. Randomized
controlled double-blind trials were available for only a
small number of conditions.? Our literature review in
January 2005 shows that the number of randomized con-
trolled trials (RCTs) still remains low and many indications
remain the subject of debate.

LITERATURE REVIEW

Conditions for which IVIG is FDA-approved

ITP. Imbach and coworkers® were the first investiga-
tors to demonstrate that IVIG can effectively increase the
platelet (PLT) count in patients with ITPS In this study, six
children with acute ITP and seven with chronic ITP were
all witnessed to have a significant increase in PLT count
within 5 days of receiving 400 mg per kg per day IVIG for
5 days. Multiple studies performed since have demon-
strated that IVIG effectively increases the PLT count in
more than 80 percent of ITP patients.” Typically, the PLT
count increases within days and peaks within 1 week after
treatment. In the vast majority of patients, however,
response is transient and lasts no longer than 4 weeks
before returning to pretreatment levels.?

Given that ITP is generally a self-limited disorder in
children and given the uncertainty regarding the actual
likelihood of serious bleeding in childhood ITP, IVIG is
often used as initial treatment in children who present
with profound thrombocytopenia and mucosal bleeding.
This recommendation is based, in part, on a RCT of IVIG,
RhIG, and prednisone as the initial treatment of ITP in
children with a PLT count of less than 20 x 10° per L. In this
study, children randomly assigned to receive a single dose
of 800 mg per kg of IVIG were found to experience a faster
rate of PLT response than children randomized to receive
25 pg per kg RhIG or 4 mg per kg prednisone tapered over
21 days.®

In contrast to the treatment practice in children, IVIG
is less often used in adults with ITP. One study found that
IVIG had no advantages over oral corticosteroids as pri-
mary therapy in adults with ITR' This was demonstrated
in a study in which adults with ITP were randomly
assigned to receive prednisone (1 mg/kg/day), high-dose
IVIG (400 mg/kg/day x 5 days), or a combination of pred-
nisone plus IVIG. The response in PLT count, time to
relapse, and time to splenectomy was not significantly dif-
ferent between patients receiving steroids versus IVIG.®

Given the transient effect of IVIG on PLT count as well
the expense, IVIG is generally reserved for chronic ITP 1)
when there is an immediate need to increase the PLT
count (e.g., serious bleeding episodes), 2) in preparation
for splenectomy or other invasive procedures, 3) in preg-
nant women at risk of bleeding, or 4) in chronic ITP not
responding to steroids or RhIG.”® High-dose parenteral
steroids represent an alternative medication that can be
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attempted to increase PLT count in an acute setting.
Godeau and colleagues' studied the efficacy of high-dose
methylprednisolone (15 mg/kg/day x 3 days) versus IVIG
(700 mg/kg/day x 3days) in a randomized trial of
untreated patients with ITP and PLT counts of less than
20 x 10°/L. Although methylprednisolone significantly
increased PLT counts, this trial demonstrated a slightly
greater rate of increase in PLT count for those receiving
IVIG. Remission rates at 1 year, however, were not affected
by the initial treatment.

The optimal dose of scheduled IVIG in ITP remains to
be fully examined. One current commonly used treatment
regimen is 1000 mg per kg for 1 to 2 days.”® This dose is
based on a multicenter randomized trial of 35 patients
with ITP who received either 500 or 1000 mg per kg over
1 day.” Nonresponders received additional IVIG on Days 4
and 5 to reach a total dose of 2000 mg per kg. Results of
this study indicated that initial treatment with 1000 mg
per kg IVIG was more effective than initial treatment with
500 mg per kg IVIG.

Primary hypogammaglobulinemia. Human immu-
noglobulin was first administered in the treatment of pri-
mary immunodeficiency in the form of intramuscularly
injected immunoglobulin by Bruton in 1952, Since then,
routine administration of human immunoglobulin has
become the mainstay of therapy in patients with B-cell
immunodeficiencies such as X-linked agammaglobuline-
mia, common variable immunodeficiency, and X-linked
hyper-IgM syndrome. IVIG is also utilized in the treatment
of combined immunodeficiencies such as Wiskott-Aldrich
syndrome, ataxia-telengiectasia and as supportive ther-
apy in patients with severe combined immunodeficiency
while they await more definitive treatment.

Although there have been no RCTs of IVIG versus pla-
cebo in the treatment of primary immunodeficiency, there
is clear clinical evidence of the efficacy of IVIG in decreas-
ing the severity and frequency of infections in these
patients. For instance, Quartier and associates' demon-
strated that the incidence of bacterial infections
decreased dramatically from 0.4 per patient per year to
0.06 per patient per year (p < 0.001) following initiation of
IVIG in 31 children with X-linked agammaglobulinemia.
Similarly, Busse and coworkers” noted a significant
decrease in the number of episodes of bacterial pneumo-
nia before versus after initiation of IVIG treatment in 50
patients with common variable immunodeficiency."” They
found that 84 percent of their cohort experience at least
one episode of bacterial pneumonia before treatment
whereas only 11 percent experienced at least one episode
of pneumonia after a median of 6.6 years of IVIG.

In comparison to the paucity of studies demonstrating
efficacy of IVIG in primary immunodeficiency, there have
been slightlymore studies investigating the optimal dosing
of IVIG in immunodeficient patients. A common standard
guideline is that the trough IgGlevel should remain greater
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than 500 mg per dL.'® This guideline, however, is derived
from arandomized crossover study of only 12 patients with
primary hypogammaglobulinemia and chronic lung dis-
ease.'” In this study, patients received 200 or 600 mg per
kg IVIG each month for 6 months followed by the alternate
dose for an additional 6 months. Although the incidence
of infection did not differ greatly in the high- versus low-
dose group, the frequency of infection was found to be
much lower when the serum IgG trough exceeded 500 mg
per dL. But even above this trough level, most patients with
primary hypogammaglobulinemia experience intermit-
tent infection. Thus, Eijkhout and associates'® investigated
whether doubling the standard IVIG dose yields further
reduction in infection. In this multicenter, randomized,
double-blind, crossover study, patients received either
standard-dose (300 mg/kg for adults, 400 mg/kg for chil-
dren) or high-dose IVIG (600 mg/kg for adults, 800 mg/kg
for children) every 4 weeks for 9 months. Patients receiving
high-dose IVIG experience greater trough levels of IgG as
well as a slightly decreased frequency and duration of
infection. Given the marginal observed benefit, the authors
concluded that high-dose maintenance therapy was not
likely to be cost-effective care.

Based on these studies, a reasonable treatment
approach to patients with primary hypogammaglobuline-
mia would be a maintenance dose of IVIG at 300 to 600 mg
per kg every 3 weeks or 400 to 800 mg per kg every
4weeks.”® Since 1999, at MGH patients with primary
immunodeficiency or secondary immunodeficiency (e.g.,
due to BMT) are maintained at trough levels more than
400 mg per dL. Residual IgG levels can be measured before
IVIG infusion."*'" Dosing intervals will depend on the
catabolic rate of IgG in the patient but will generally be no
more frequent than every 3 to 5 weeks.

Secondary hypogammaglobulinemia due to
chronic lymphocytic leukemia (CLL). Infections are the
major cause of morbidity and mortality in patients with
CLL.” These patients are at increased risk of infection due
to hypogammaglobulinemia as well as defects in cell-
mediated immunity and impaired opsonization. The
strongest data supporting the use of IVIG as prophylactic
treatment against infections come from a large random-
ized study by the Cooperative Group for the Study of
Immunoglobulin in Chronic Lymphocytic Leukemia.?’ In
this double-blind, placebo-controlled trial, CLL patients
who received 400 mg per kg IVIG every 3 weeks for 1 year
had significantly fewer bacterial infections than patients
who received placebo. Further, a subset of patients con-
tinued IVIG treatment in a crossover double-blind trial.
Bacterial infections were found to be less frequent during
the months of IVIG therapy. But despite the overall signif-
icant decrease in frequency of bacterial infection, when
bacterial infections were classified as minor, moderate, or
severe, there was no significant difference in the fre-
quency of severe bacterial infections between the IVIG



and placebo groups. Also, there was no difference in the
frequency of fungal and viral infections (an expected out-
come given the increased importance of cellular immu-
nity in these infections). Finally, there was no reduction in
mortality observed between patients receiving IVIG and
those receiving placebo.

Later studies attempted to use lower doses of IVIG
to determine if a lower dose of IVIG could still afford
protection against bacterial infections. Chapel and
associates”? conducted a randomized, double-blind
study to compare 500 or 250mg per kg IVIG every
4 weeks for 1year in CLL patients.?? They found no sig-
nificant difference in incidence of bacterial infection
between the two treatment groups, supporting the use of
lower doses of IVIG in CLL.

Despite the utility of IVIG as bacterial prophylaxis,
studies still have not demonstrated a decrease in mortality
with the use of IVIG or a decreased incidence of serious
bacterial infections, and given the cheaper alternative of
antibiotic prophylaxis, the cost-effectiveness of IVIG is
still in question. When Weeks and coworkers® applied
decision-analysis modeling to the results of the above RCT
of IVIG versus placebo, they found that IVIG treatment
yielded a gain of 0.8 quality-adjusted days per patient per
year at a cost of $6 million per quality-adjusted life year
gained. This means that IVIG treatment every 3 weeks for
1 year in CLL patients resulted in only a slight gain of days
free from infection at a tremendous cost.

Nevertheless, some authors have continued to rec-
ommend IVIG as prophylaxis against additional episodes
of bacterial infection among patients with CLL who have
demonstrated prior bacterial infections.

Based on previous studies, the recommended dose is
200 to 400 mg per kg IV at 3- to 4-week intervals.”# There
is, however, currently no consensus for how long IVIG
treatment should be continued beyond 1year in CLL
patients with hypogammaglobulinemia with a history of
serious bacterial infections. At MGH, patients with CLL
are not routinely given prophylactic IVIG. Prophylaxis is
reserved for selected patients with hypogammaglobuline-
mia with a prior history of infection who are undergoing
general anesthesia.

BMT. Between 1985 and 1993, several controlled trials
found that prophylactic IVIG decreased the rates of
cytomegalovirus (CMV) infection, interstitial pneumonia,
and GVHD in allogeneic BMT recipients.?**” These trials,
which were the basis of FDA approval for IVIG in BMT
patients, were not placebo-controlled. Since the publica-
tion of these studies, prophylactic anti-CMV and anti-
fungal medications have been incorporated into the
protocols for routine care of BMT recipients with great
success. Given the high cost of IVIG relative to these med-
ications and the fact that no studies have demonstrated
survival benefit of IVIG in transplantation, the use of pro-
phylactic IVIG has been questioned in BMT.

IVIG USE AT MASSACHUSETTS GENERAL HOSPITAL

In the most carefully designed and recent trial of IVIG
in allogeneic BMT recipients, Cordonnier and associates®
found no benefit to the use of IVIG in this population.
They performed a multicenter randomized, double-blind
trial of IVIG versus placebo in 200 recipients of HLA-
matched sibling marrow. Their results indicated no bene-
fit in the incidence of interstitial pneumonia, GVHD,
transplantation-related mortality, or overall survival with
the use of IVIG. At MGH, prophylactic IVIG is restricted to
BMT patients with demonstrated hypogammaglobuline-
mia (IgG concentration, <400 mg/dL).?®

Pediatric HIV/AIDS. Although HIV infection results
in profound defects in cellular immunity, there is a
preponderance of evidence indicating impaired B-
lymphocyte function in HIV-infected patients. This is
most striking in the pediatric HIV population where seri-
ous bacterial infections, especially with encapsulated bac-
teria, are common in patients not receiving appropriate
highly active antiretroviral therapy (HAART). In fact, the
clinical definition of AIDS in HIV-infected children
includes recurrent serious bacterial infections as one pos-
sible defining characteristic. As this discovery evolved,
several studies of IVIG in children with AIDS were per-
formed and noted a decreased incidence of serious bacte-
rial infections in children treated regularly with IVIG.3%%!
The largest and best designed trial was conducted by the
Intravenous Immune Globulin Study Group of the
National Institute of Child Health and Human Develop-
ment (NICHHD).* In this multicenter study, 372 children
with HIV were randomly assigned to receive 400 mg per kg
IVIG or placebo every 28 days. Children receiving IVIG had
significantly fewer minor bacterial infections, serious
bacterial infections, and hospitalization days than those
receiving placebo. There was, however, no effect on mor-
tality with IVIG treatment.

On the basis of the NICHHD trial, and several smaller
studies preceding it, IVIG was approved for use in prevent-
ing bacterial infections in children with HIV infection. All
of these studies, however, were performed before the era
of routine use of HAART. Thus, Spector and colleagues®
performed another randomized, double-blind study of
IVIG versus placebo on HIV-infected children on zidovu-
dine therapy. They found that IVIG only decreased the risk
of serious bacterial infections in those children who were
not receiving trimethropim-sulfamethazaxole prophy-
laxis. Thus, the utility of IVIG in preventing bacterial infec-
tions in HIV-infected children on HAART and appropriate
antimicrobial prophylaxis is questionable. If IVIG is used
in HIV-positive children, an infusion of 400 mg per kg
every 28 days would be a reasonable dose for the goal of
preventing bacterial infections.*

The use of IVIG in HIV-infected adults is less well
characterized and appears more dubious than the case
with children.®®% The results of studies of IVIG in adult
HIV patients are inconsistent and none of the studies that
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have shown benefit of IVIG in preventing serious bacterial
infections in HIV-infected adults has been double-blind
or placebo-controlled.

Finally, IVIG has been used to treat ITP resulting from
HIV infection.*® Guidelines for the use of ITP in HIV
patients do not differ from the use of ITP in other contexts
described above.

KD. KD is one of the most common vasculitides of
children. Although it is typically a self-limited condition it
can result in coronary artery aneurysm, myocardial inf-
arction, congestive heart failure, and arrythmias. As such
it is the most common cause of acquired heart disease in
children. IVIG plus aspirin given at the first recognition of
the diagnosis of KD is the current standard of care. It has
been shown repeatedly that a single dose of IVIG at
2000 mg per kg within 10 days of disease onset prevents
the development of coronary artery aneurysm in more
than 85 percent of patients.*”*® A Cochrane Database
meta-analysis of 16 RCTs of IVIG versus placebo in KD
found a definite significant decrease in new coronary
artery aneurysms with the use of IVIG.*” In addition, there
is evidence from echocardiography studies that IVIG
accelerates reversal of myocardial contractility depres-
sion, which results after acute KD.

The initial randomized, placebo-controlled study of
IVIG in KD utilized a dose of IVIG at 400 mg per kg per day
for 5 consecutive days.* A subsequent RCT by Newburger
and coworkers® found that a single large dose of IVIG at
2000 mg per kg resulted in decreased duration of fever,
other indices of inflammation, and days of hospitalization
compared with the prior conventional dose of 400 mg per
kg per day for 5 days.*® This result has been supported in
further studies as well as in a Cochrane meta-analysis.*
Thus, the current guideline for treatment of acute KD is to
treat patients with a single dose of IVIG at 2000 mg per kg
within 10 days of onset of symptoms or as soon as the
diagnosis is made. This should be given in conjunction
with high-dose aspirin (30-100 mg/kg/day in four divided
doses) as documented in studies beyond the scope of this
review.

Despite the effectiveness of initial IVIG therapy in
preventing the cardiac complications of acute KD, 10 to
15 percent of patients will have evidence of persistent
KD 48hours after initial IVIG treatment. The proper
treatment of these patients in so-called “salvage therapy”
is not well characterized. Most clinicians opt to treat
with repeated doses of IVIG given the evidence of a
dose-response effect of IVIG in KD. In a retrospective
review of 25 patients who did not respond to initial IVIG
treatment of a cohort of 378, it was noted that 15
patients (85%) of the 25 initial nonresponders had a
response to a second dose of IVIG.*” Those patients who
received 2000 mg per kg IVIG as the second dose were
more likely to become afebrile compared with those who
received smaller doses of IVIG. Because of the limita-
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tions of this study as a poorly controlled retrospective
study, and the fact that there are no prospective trials of
retreatment with IVIG, there are no established recom-
mendations for treatment of patients who fail initial
IVIG therapy in KD.

Off-label uses for IVIG

Low-birth-weight infants. Nosocomial infections are
a major cause of morbidity and mortality in preterm
(<37 weeks’ gestational age) and low-birth-weight
(<2500 g) infants.” These newborns are particularly sus-
ceptible to infections because they are prone to experi-
ence hypogammaglobulinemia after birth. This occurs
because maternal transport of immunoglobulin to the
fetus occurs in the latter half of the third trimester and
endogenous synthesis does not begin until several
months after birth. The use of IVIG to correct hypogam-
maglobulinemia in hopes of preventing infections and
decreasing mortality in these patients has been studied
extensively.**® Although studies conflict as to the efficacy
of IVIG to prevent serious nosocomial infections and sep-
sis, no study has shown a significant improvement in mor-
tality with administraticn of IVIG. In fact, a 2004 Cochrane
meta-analysis of 19 RCTs found that IVIG results in a 3 to
4 percent decrease in sepsis and nosocomial infections in
these infants without any change in mortality.* This
reduction in infection is not substantial enough to justify
routine use of IVIG in preterm or small for gestational age
infants. Treatment with IVIG is most justifiable for those
infants with documented profound hypogammaglobu-
linemia (IgG levels, <400 mg/dL).*® In these infants, 500 to
900 mg per kg IVIG every 14 days to achieve a trough IgG
level of 500 to 700 mg per dL has been utilized in prior
studies.*3>6

GBS. GBS is an acute inflammatory demyelinating
polyneuropathy that can lead to quadraparesis and respi-
ratory muscle paralysis. The exact cause of GBS is
unknown but the leading hypothesis states that it is due
to an autoimmune response against antigens on periph-
eral nerves triggered by a preceding infection. As such, a
number of immunomodulatory treatments have been uti-
lized in GBS. In the 1980s, therapeutic plasma exchange
(PE) became standard treatment of GBS based on the
results of multiple randomized trials that demonstrated
that PE hastens recovery of neurologic function compared
with supportive therapy.*” Then, in the late 1980s, several
small studies revealed some benefit in the use of IVIG in
patients with GBS who could not receive PE.® This led to
six randomized trials of IVIG versus PE in patients with
GBS. A meta-analysis of five of these trials involving a total
of 536 patients with GBS for no more than 2weeks
revealed equal efficacy between PE and IVIG in time to
neurologic recovery.* There have been no trials of IVIG
versus placebo in GBS because PE was considered the



standard treatment by the time of the first studies of IVIG
in treatment of GBS.

The largest trial of IVIG in GBS was a trial of 383
patients randomized to receive IVIG, PE, or PE followed
immediately by IVIG within 2 weeks of GBS diagnosis.”
Patients receiving IVIG were treated with 400 mg per kg
perday IVIG for 5days. Patients were followed for
48 weeks after treatment and the primary outcome was
functional disability qualified by a 7-point disability scale.
Treatment with IVIG, PE, and PE plus IVIG all yielded sim-
ilar improvements in disability.

Based on the above data, the current consensus is
that IVIG treatment within 2 weeks of diagnosis of GBS is
of similar efficacy to PE. The combination of PE plus IVIG
has never been shown to be superior to either treatment
alone.

CIDP. In contrast to the acute inflammatory demyeli-
nating polyneuropathy of GBS, CIDP is an insidious illness
that leads to the slow development of neurologic disabil-
ity, and unlike trials of IVIG in GBS, studies of IVIG in CIDP
have included small numbers of patients and have had
conflicting results. For example, Hahn and associates®
conducted a double-blind, placebo controlled, crossover
study of IVIG versus placebo in 30 patients with CIDP>
Based on quantitative assessment of neurologic function
and electrophysiology studies, they found significant dif-
ferences in favor of IVIG 28 days after treatment. In con-
trast, another double-blind placebo-controlled study of
IVIG in 28 CIDP patients found no benefit in IVIG versus
placebo.*

Currently, there are no definitive data regarding the
use of IVIG in CIDP. This is because patients with varying
courses of CIDP (i.e. continuous progression vs. stepwise
progression) may respond differently to IVIG treatment®
and studies have utilized different measures of outcome
at different times after treatment making interpretation of
results difficult.”** Although there is no consensus dosing
recommendation, the majority of studies examining use
of IVIG in CIDP utilize a high-dose treatment schedule of
400 mg per kg per day for 5 consecutive days.”*™ Patients
on maintenance therapy may not require such high-dose
treatment.

MMN. MMN is an immune-mediated neuropathy
that is in the differential diagnosis of CIDP. MMN is char-
acterized by a slowly progressive, asymmetric weakness of
the limbs without sensory loss. The symptoms usually
begin distally, travel proximally, and are most common in
the upper extremities.* The electrophysiologic hallmark
feature of MMN in nerve conduction studies is the pres-
ence of a conduction block that is a failure of neural
impulse to travel through a structurally intact axon.** In
addition, 30 to 50 percent of patients have detectable IgM
antibodies to GM; ganglioside.*

In contrast to CIDP, corticosteroids and PE are inef-
fective in the treatment of MMN.% Since the description
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of MMN in 1985, anecdotal reports and case series have
noted that IVIG is the only effective therapy for MMN,
other than cyclophosphamide.* Thus far, there have been
four double-blind, placebo controlled studies of IVIG in
MMN.** The largest study investigated the use of IVIG
(500 mg/kg/day for 5 consecutive days) every month for
3 months in 19 patients with MMN.*® Subjective and
objective evaluation of muscle function at 4 and 7 months
found significant improvement in muscle strength and
ability to perform motor activities of daily living.

The downside to treatment with IVIG is that therapy
may need to be repeated at a minimum of every 2 to
3 months for sustained improvement of motor function.®
An observational study of 11 patients with MMN receiving
IVIG every 2 to 3 months for 4 to 8 years found that IVIG
did not induce remission in any patient and cessation of
IVIG treatment resulted in progression of weakness in
affected muscle groups.®® Unfortunately, at the present
time there is no known alternative treatment in MMN that
is more efficacious than IVIG.

Multiple sclerosis. A number of immunomodulatory
medications have been studied in multiple sclerosis (MS)
to halt disease progression and to attempt to reverse neu-
rologic disability. There is evidence from basic science
studies that IVIG may contain anti-idiotypic antibodies,
which may protect myelin by binding myelin-destructive
autoantibodies,® circulating cytokines,® and Fc receptors
on immune cells.® IVIG has been studied in the clinical
setting to treat relapsing-remitting MS (RR-MS) and sec-
ondary progressive MS (SP-MS). In short, there is some
evidence that IVIG reduces attack rate in RR-MS*% but
there is little convincing evidence that IVIG has any utility
in SP-MS.”® The American Academy of Neurology
describes the treatment of RR-MS with IVIG as a “Class C”
recommendation, meaning that it is possibly effective.” In
contrast, treatment of SP-MS with IVIG is stated as being
supported by inadequate and conflicting data.

The most convincing evidence to support the use of
IVIG in RR-MS comes from a randomized, placebo-con-
trolled, multicenter study performed by the Austrian
Immunoglobulin in Multiple Sclerosis Study Group.** In
this study, 150 patients with MS were randomized to
receive monthly IVIG infusions or placebo for 2 years. The
primary outcome measure in this study, as in most MS
trials, was the effect on clinical disability as measured by
Kurtzke’s expanded disability status scale. This study
found significant beneficial effect on the functional status
of patients receiving monthly IVIG infusions for RR-MS.
These results must be interpreted with caution because
most of the long-term disability of MS occurs over many
years. Thus, the true effect of IVIG on long-term disability
may not be fully evident after only 2 years of follow-up.”

The largest and most well-controlled trial of IVIG in
SP-MS revealed no utility in use of IVIG in these patients.”
This study randomly assigned 318 patients to IVIG
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(1000 mg/kg/month for 27 months) or placebo. There was
no significant effect of IVIG infusion on expanded disabil-
ity status scale score or on the quantity of MRI lesions at
any point within 2 years of treatment. All of the trials that
show evidence to support the use of IVIG in SP-MS were
smaller and of questionable design.

Myasthenia gravis. Myasthenia gravis (MG) is an
autoimmune disease characterized by weakness and
fatigability of voluntary muscles. In 80 to 90 percent of
patients with MG, IgG autoantibodies to the nicotinic ace-
tylcholine receptor (anti-AchRAb) are detectable in the
blood.™ In a proportion of the remaining patients without
anti-AchRAb, antibodies to the neuromuscular junction
antigen MuSK may be found.™

The use of IVIG in MG treatment has been reported
in many different clinical scenarios. The only evidence for
effectiveness of IVIG in MG has been the use of IVIG in
patients experiencing exacerbations of MG not responsive
to other medications.” There is no sufficient placebo-con-
trolled evidence for the use of IVIG in stable MG, as a
steroid-sparing agent in MG, or before thymectomy.”
There are multiple case reports, however, to suggest that
IVIG may be effective in such contexts.™ ™

The single published randomized trial of IVIG in MG
exacerbation found that IVIG was as effective as PE in
improving symptoms of MG exacerbation.” On the basis
of this study, IVIG (at a dose of 400-600 mg/kg/day for 3-
5 consecutive days) appears to be a reasonable treatment
option in the management of myasthenic crisis. Further
controlled studies of IVIG in the management of MG at
other stages are clearly needed.

Solid organ transplantation. IVIG has been studied
in the context of solid organ transplantation to decrease
anti-HLA alloantibody titers before transplantation,” to
prevent humoral rejection of organs after transplanta-
tion,”® in the routine use as Jmmunomodulatory medi-
cation after retransplantation,® and as an alternative
immunosuppressant to more widely used immunosup-
pressive medications.* In none of these instances has
there been a placebo-controlled multicenter trial.

The most frequently studied use of IVIG in organ
transplantation has been use of IVIG to reduce HLA
alloantibody titers. Glotz and coworkers™ were the first to
report that in some patients repeated infusions of IVIG led
to a significant and prolonged reduction in HLA alloanti-
body titers.” In this uncontrolled pilot study, five dialysis
patients awaiting renal transplantation for more than
1year with greater than 25 percent panel-reactive anti-
bodies (PRAs) received IVIG (400 mg/kg) after four con-
secutive dialysis treatments. This resulted in a decrease in
mean PRA that was sustained for more than 3 months in
four of five patients. Subsequent studies investigated the
use of IVIG to decrease HLA alloantibody titers after trans-
plantation in hopes of controlling antibody-mediated
rejection episodes.”*®>8 Although several selected cases
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of improvement in acute humoral rejection have been
associated with infusion of IVIG, all reports are poorly
controlled and have combined IVIG therapy with an
assortment of immunosuppressive regimens, making
generalizable conclusions difficult.

The best designed trial of IVIG in the context of solid
organ transplantation was performed by Peraldi and
coworkers® in routine administration of IVIG in retrans-
planted patients. In this study, 41 patients undergoing
a second cadaveric renal transplant were randomly
assigned to receive IVIG or no treatment in addition to a
standard immunosuppressive protocol. Patients random-
ized to receive IVIG were found to have a significantly
higher 5-year survival rate compared to those not receiv-
ing IVIG. In addition, it was noted that patients receiving
IVIG experienced a significantly shorter delay in graft
function. This study suggests that administration of IVIG
in the first 5 days after retransplantation may improve
graft function as well as patient survival.

Finally, IVIG has been studied as an alternative means
of controlling steroid-resistant rejection episodes. In a
study by Casadei and associates,? 30 patients undergoing
steroid-resistant rejection of kidney allografts were ran-
domly assigned to receive the anti-CD3 antibody OKT3
(14 days) or IVIG (500 mg/kg/day for 7 days).* Patient sur-
vival and the incidence of rejection were essentially the
same in both treatment groups. This result implies that
IVIG could be used as an alternative to antilymphocyte
medications in controlling steroid-resistant rejection. This
study is worthwhile repeating in a larger study as IVIG has
fewer unwanted side effects than antilymphocyte immu-
nosuppressants such as OKT3.

Further prospective studies with larger patient sam-
ples are needed to more fully determine the role of IVIG
in decreasing humoral rejection before transplantation,
controlling humoral rejection after transplantation, and
affecting patient survival after transplantation.

Autoimmune hemolytic anemia. Given the relatively
large experience and success with the use of IVIG in the
treatment of ITP, IVIG has been used to treat other auto-
immune cytopenic disorders, such as autoimmune
hemolytic anemia (AIHA). Published literature on the
treatment of ATHA with IVIG, however, is limited to small
retrospective studies and case series. Furthermore, all
published studies evaluating the effectiveness of IVIG in
ATHA have examined use of IVIG in treatment of ATHA due
to heterogeneous causes.?%

Based on initial case reports, it is believed that treat-
ment of ATHA requires larger doses of IVIG than are con-
ventionally used in ITP®® Furthermore, it has been
shown that IVIG, like corticosteroids, is much more likely
to be effective in the treatment of warm-antibody ATHA
than in cold-antibody ATHA.* In the largest retrospective
study of the use of IVIG in warm-antibody ATHA, however,
it was determined that IVIG yielded a response in only



about one-third of the 73 total patients.* Furthermore,
response was transient in almost all patients who did
respond unless IVIG was given repeatedly every 3 weeks.
On this basis, IVIG is not recommended as standard ther-
apy of ATHA. The role of IVIG in ATHA is believed to be in
cases where ATHA is refractory to conventional therapy
with corticosteroids and as a possible temporizing mea-
sure to perform splenectomy.®®

Thus, IVIG likely has some benefit in warm-antibody
AIHA. No controlled trials have been performed, however,
and in most patients who do respond to IVIG, improve-
ment in hemolysis is transient. Clinical experience from
published reports of IVIG use in AIHA note that a dose as
high as 400 to 1000 mg per kg per day for 5 days is neces-
sary for successful treatment of ATHA.%%

Necrotizing fasciitis. Necrotizing fasciitis is a rapidly
progressive, tissue-destroying invasive infection caused
by Streptococcus pyogenes (group A Streptococcus).
Group A Streptococcus causes a spectrum of invasive dis-
eases including septicemia, toxic shock syndrome, and
necrotizing fasciitis. All of these are mediated by a strep-
tococcal exotoxin, which behaves as a superantigen. A
superantigen bypasses the normal route of antigen pro-
cessing and presentation and, instead, directly cross-links
the constant portion of the T-cell receptor and the HLA
Class I molecule. Superantigens thus quickly result in
massive production of inflammatory cytokines.

Takei and coworkers® were first to discover that IVIG
contains antibodies that inhibit superantigen elicited T-
cell activation.® In this in vitro study, it was determined
that IVIG contains antibodies that bind several staphylo-
coccal superantigens and prevent their stimulation of
peripheral blood T cells. In a later in vivo study, Norrby-
Teglund and colleagues® examined plasma samples from
15 patients with invasive streptococcal infections before
and after IVIG treatment. They noted that plasma treated
with IVIG inhibited the activity of streptococcal antigens
to elicit cytokine production. This suggested that treat-
ment with IVIG confers inhibition against streptococcal
superantigens.

Although the above studies demonstrated a mecha-
nism of activity of IVIG in treating invasive staphylococ-
cal and streptococcal diseases, studies examining clinical
outcome with use of IVIG in these illnesses have been
very limited. All of the studies are uncontrolled case
series or poorly controlled case-control studies.” Thus,
currently there are no strong data to support or refute
the use of IVIG to improve clinical outcome in staphylo-
coccal and streptococcal superantigen-mediated ill-
nesses. Dosing of IVIG in studies examining IVIG use in
these toxin-mediated illnesses has ranged from 200 to
800 mg per kg per day for 1 to 5 days.” At MGH, patients
are candidates for IVIG if they are sufficiently ill to
require critical care unit support and have documented
evidence of fasciitis and microbiologic data consistent
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with invasive streptococcal infection (culture or Gram
stain). The dose used is 1000 mg per kg with up to two
repeat doses of 500 mg per kg on Days2 and 3 if the
patient remains pressor-dependent.

CONCLUSION

Our data indicate that only a few indications account for
most of the $4 million annual expenditure for IVIG in 2004
at MGH. Nearly all of the usage is consistent with hospital
review guidelines. Our literature review demonstrated
that published reports concerning IVIG continue to grow
at a tremendous pace, but that few high-quality RCTs have
been reported. Even in some conditions where IVIG is
FDA-approved for use, IVIG therapy may be outdated or
not cost-effective. Such is the case with use of IVIG to
prevent infection in BMT patients and pediatric HIV
patients as studies showing efficacy of IVIG did not use
alternative treatments relevant to current clinical practice.
Despite the success of IVIG in the treatment of some con-
ditions (e.g., primary hypogammaglobulinemia), there
seem to be few indications where IVIG is essential therapy.
Better quality clinical trials are needed to understand the
proper value of IVIG therapy, especially for conditions
such as CIDP that consume large quantities of product.
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