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I CLINICAL REVIEW

CLINICIAN'S CORNER

Intravenous Immunoglobulin in
Autoimmune Neuromuscular Diseases

Marinos C. Dalakas, MD

UTOIMMUNE DISEASES AFFECT

more than 8.5 million

Americans and cause signifi-

cant morbidity and disabil-
ity.! Neurologic disorders represent
about half of the diseases for which
there is evidence of autoimmune
pathogenesis. Although immuno-
pathologically distinct, most autoim-
mune neurologic diseases fall into 4
general categories: the autoimmune
neuropathies, which include Guillain-
Barré syndrome and its variants,
chronic inflammatory demyelinating
polyneuropathy (CIDP) and its vari-
ants, multifocal motor neuropathy,
and paraproteinemic demyelinating
neuropathies; the autoimmune neuro-
muscular junction defects, which
include myasthenia gravis and
Lambert-Eaton myasthenic syndrome;
the inflammatory myopathies, which
include dermatomyositis, polymyosi-
tis, and inclusion body myositis**; and
a number of central nervous system
disorders, of which multiple sclerosis
(MS) and stiff-person syndrome are
most representative.

Substantial progress has been made
recently in elucidating the immuno-
pathogenesis of these diseases and in-
troducing evidence-based treatment.
Among the new immunotherapies, in-
travenous immunoglobulin (IVIG) has
emerged as a major force, providing safe
and effective long-term therapy and re-
lieving previously untreatable condi-
tions. This article reviews the immu-
nology of autoimmune neuromuscular

CME available online at
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Context Intravenousimmunoglobulin (IVIG) enhances immune homeostasis by modu-
lating expression and function of Fc receptors, interfering with activation of comple-
ment and production of cytokines, providing anti-idiotypic antibodies, and affecting
the activation and effector functions of T and B cells. These mechanisms may explain
the effectiveness of IVIG in autoimmune neuromuscular disorders.

Objective To systematically review the current status of the treatment of autoim-
mune neuromuscular diseases with IVIG, with emphasis on controlled trials.

Data Sources Peer-reviewed publications identified through MEDLINE (1966-2003),
EMBASE (1974-2003), and references from bibliographies of pertinent articles. Each
autoimmune neuromuscular disease term was searched in combination with the term
intravenous immunoglobulin.

Study Selection and Data Extraction Criteria for selection of studies included
controlled study design, English language, and clinical pertinence. Data quality was
based on venue of publication and relevance to clinical care.

Data Synthesis Outcomes of controlled trials indicate that IVIG at a total dose of
2 g/kg is effective as first-line therapy in Guillain-Barré syndrome, chronic inflamma-
tory demyelinating polyneuropathy, and multifocal motor neuropathy and as second-
line therapy in stiff-person syndrome, dermatomyositis, myasthenia gravis, and
Lambert-Eaton myasthenic syndrome. In other controlled studies, IVIG produced a
modest, variable, and transient but not statistically significant benefit in patients with
inclusion body myositis and paraproteinemic anti-myelin-associated glycoprotein
antibody demyelinating polyneuropathy. Intravenous immunoglobulin is not effective
in patients with multiple sclerosis who have established weakness or optic neuritis. In
myasthenia gravis, it should be reserved for difficult cases or before thymectomy in
lieu of plasma exchange.

Conclusion Intravenous immunoglobulin is effective in many autoimmune neuro-
logic diseases, but its spectrum of efficacy, especially as first-line therapy, and the ap-
propriate dose for long-term maintenance therapy are not fully established. Further
controlled studies of IVIG, combined with a dose-finding effect, pharmacoeconomics,
and quality-of-life assessments, are warranted to improve the evidence base for clini-
cal practice.

JAMA. 2004,291:2367-2375 WWww.jama.com

Author Affiliations: Neuromuscular Diseases Sec-
tion, National Institutes of Health, National Institute
of Neurological Disorders and Stroke, Bethesda, Md.
Financial Disclosure: Dr Dalakas has received speak-
ing honoraria for educational lectures on the topic of
intravenous immunoglobulin from several companies,
academic institutions, and professional organizations.

diseases and summarizes the use of
IVIG based on controlled clinical trials.

METHODS

Peer-reviewed publications identified
through searches of MEDLINE
(1966-2003), EMBASE (1974-2003),
and references from bibliographies of
pertinent articles for IVIG-related data
were systematically reviewed. Each au-
toimmune neuromuscular disease term
was searched in combination with the
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term intravenous immunoglobulin. Cri-
teria used for study selection included
controlled study design, English lan-
guage, pertinence for clinicians, and va-
lidity based on power analysis and
venue of publication.

DATA SYNTHESIS

Immunopathogenesis of
Autoimmune Neuromuscular
Diseases

Autoimmune neurologic diseases re-
sult from loss of immune tolerance to
self-antigens through various mecha-
nisms, such as defective clonal dele-
tion and “molecular mimicry.” In the
latter, epitopes on microbial agents are
presented by antigen-presenting cells
to the T-cell receptor and thereby lead,
via the effect of costimulatory mol-
ecules, to clonal expansion of T cells.
These expanded T cells transmigrate
across the vascular endothelium of the
blood-nerve or blood-brain barrier to
target tissues, where they exert a cyto-
toxic action.*” Additionally, autoanti-
bodies, produced by B-cell clones from
the interactions of T cells, interleukin
4, and interleukin 6, recognize tar-
geted neural or muscle tissues via either
macrophages or complement fixation.
Cytokines secreted by the T cells up-
regulate intercellular adhesion mol-
ecule 1, vascular cell adhesion mol-
ecule 1, or matrix metalloproteinases
in endothelial cells, allowing the trans-
migration of activated lymphocytes; cy-
tokines also stimulate resident macro-
phages to bind via the Fc receptors to
the targeted tissues.

In Guillain-Barré syndrome, the im-
munopathogenesis likely involves anti-
body responses against bacterial struc-
tures, especially those of Campylobacter
jejuni, that mimic neural glycolipids and
gangliosides, thereby breaking toler-
ance.>>%! In particular, patients with
severe Guillain-Barré syndrome and
marked axonal degeneration often have
IgG antibodies against GM1, GD1b, or
GD1a gangliosides expressed in periph-
eral nerves.®!! Antibodies to GQ1b gan-
glioside are very closely associated with
Miller-Fisher syndrome, a related dis-
order.”!! Data on the immunopathol-
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ogy of CIDP are more fragmentary; how-
ever, molecular mimicry, antiglycolipid
antibodies, and T-cell involvement are
also the main immunopathologic fea-
tures of CIDP.}*!> Antibodies against
myelin-associated glycoprotein may
mediate demyelination in patients with
neuropathy and IgM-monoclonal gam-
mopathy; in multifocal motor neuropa-
thy, anti-GM1 antibody titers may be
elevated, but their pathogenetic role re-
mains unclear.>'* Some of the effector
mechanisms that underlie myelin de-
struction have been described.*"* In
Guillain-Barré syndrome and CIDP, for
example, activated macrophages in-
vade myelin or release injurious mol-
ecules (eg, cytokines),>"* while circu-
lating antibodies may cause myelin
damage by activating the complement
system, generating chemotactically ac-
tive split products, and assembling the
membrane attack complex (MAC).">!
Such antibodies may also target the my-
elin sheath by binding to the Fc recep-
tors of activated macrophages that in-
vade the myelinated nerve fibers.

Similar immune-mediated mecha-
nisms also play a primary role in the im-
munopathogenesis of inflammatory
muscle diseases.!” The serum of pa-
tients with active dermatomyositis has
high levels of complement fragments and
MAC, which are deposited on capillar-
ies within the muscle parenchyma, lead-
ing to capillary loss and muscle fiber ne-
crosis.” In polymyositis and inclusion
body myositis, but not dermatomyosi-
tis, autoinvasive CD8* cytotoxic T cells
are clonally expanded, presumably by
muscle-specific autoantigens, in the con-
text of class I major histocompatibility
complex expression.?

Myasthenia gravis is the prototypi-
cal autoimmune disorder of the neuro-
muscular junction because 2 antigens,
the acetylcholine receptor and the
muscle-specific receptor tyrosine ki-
nase,?"?> have been well characterized;
anti—acetylcholine receptor or anti-
muscle-specific receptor tyrosine ki-
nase antibodies are detected and mea-
sured.?!?? Likewise, Lambert-Eaton
myasthenic syndrome is a disease of neu-
romuscular transmission in which IgG

autoantibodies directed against voltage-
gated calcium channels in motor nerve
terminals play a crucial role in the de-
ficient release of acetylcholine.” Mo-
lecular mimicry, with similar antigens
in motor nerve terminals and in tu-
mors, may explain the frequent associa-
tion of Lambert-Eaton myasthenic syn-
drome with malignancies, especially
small-cell lung cancer.*

The therapeutic function of IVIG in
autoimmune neuromuscular diseases is
complex (FIGURE 1). Intravenous im-
munoglobulin affects all the compo-
nents the immune regulatory net-
work. Its effects include interference
with costimulatory molecules; provi-
sion of anti-idiotypic antibodies or
suppression of antibody production;
interference with the activation of
complement and interception of MAC
formation; modulation of the expres-
sion and function of Fc receptors on
macrophages; suppression of cyto-
kines, chemokines, and adhesion mol-
ecules; and alteration of the activa-
tion, differentiation, and effector
functions of T cells.>>*

The supply of idiotypic antibodies or
suppression of antibody production are
relevant to the activity of IVIG in Guil-
lain-Barré syndrome, myasthenia gravis,
stiff-person syndrome, and Lambert-
Eaton myasthenic syndrome.* The in-
hibition of complement binding and
prevention of MAC formation are rel-
evant in dermatomyositis, Guillain-
Barré syndrome, CIDP, and myasthe-
nia gravis,” whereas modulation of Fc
receptors on macrophages is relevant
in CIDP, Guillain-Barré syndrome, and
inflammatory myopathies.>* Suppres-
sion of pathogenic cytokines, chemo-
kines, and adhesion molecules on en-
dothelial cells has putative relevance in
inflammatory myopathies and demy-
elinating neuropathies. These com-
bined effects of IVIG translate into
clinical efficacy, as documented in con-
trolled clinical trials (TABLE).

Autoimmune Neuropathies

Guillain-Barré syndrome is the most
common cause of acute muscle weak-
ness in the developed world. Patients

©2004 American Medical Association. All rights reserved.
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often present with a rapidly ascending  ery from Guillain-Barré syndrome, but An early controlled trial found that
paralysis together with variable auto- IVIG is comparable with plasma ex- IVIG, 0.4 g/kg per day for 5 days, im-
nomic involvement and sensory symp-  change in improving symptoms and re-  proved motor function and facilitated re-
toms.® Plasma exchange hastens recov-  ducing time to recovery. covery in significantly more patients

Figure 1. Immunomodulatory Actions of IVIG in Autoimmune Neuromuscular Diseases

Interference With
Costimulatory
Molecules

Modulation of Antibody
Production and
Neutralization of
Autoantibodies by
Anti-idiotypic Antibodies
GBS, MG, LEMS, SPS

Modulation of Adhesion
Molecules

GBS, CIDP, DM, PM

Modulation of
Inflammatory and Anti-
inflammatory Cytokines
and Chemokines

GBS, CIDP, DM, PM

Cell Damage

Inhibition of Complement
Activation and MAC Formation

GBS, CIDP, MG, DM

Cell Damage

Modulation of Fc Receptors
on Macrophages and Other Cell Damage
Effector Cells

GBS, CIDP, DM, PM

Intravenous immunoglobulin (IVIG) modulates multiple immunologic events (blue boxes) involved in the pathogenesis of autoimmune neuromuscular diseases. Dis-
eases for which specific therapeutic actions of IVIG are supported by experimental evidence are listed in each box. In autoimmune neuromuscular diseases, an antigen,
through molecular mimicry, defective clonal deletion, or other mechanisms, triggers an immune response that results in loss of immune tolerance to self-antigens.
Infused IVIG interferes with costimulatory molecules involved in antigen presentation and modulates subsequent immunologic events. These events, mediated by
activation of B cells with production of autoantibodies and by T cells, lead to tissue damage via complement activation, macrophage—Fc receptor interaction, and
cytotoxic T cells. Other possible therapeutic actions of IVIG not shown in this illustration include increased catabolism of 1gG, alteration of effector functions of T cells,
and modulation of apoptosis. CIDP indicates chronic inflammatory demyelinating polyneuropathy; DM, dermatomyositis; GBS, Guillain-Barré syndrome; ICAM-1, in-
tercellular adhesion molecule 1; IFN-v, interferon v; IL, interleukin; LEMS, Lambert-Eaton myasthenic syndrome; MAC, membrane attack complex; MG, myasthenia
gravis; MMP, matrix metalloproteinase; NO, nitric oxide; PM, polymyositis; SPS, stiff-person syndrome; TGF-B, transforming growth factor 8; TNF-«, tumor necrosis
factor a; VCAM-1, vascular cell adhesion molecule 1.
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Table. Controlled Clinical Trials of IVIG in Autoimmune Neuromuscular Diseases

No. of

Study Treatment Participants

Outcomes

Guillain-Barré Syndrome

Van der Meche and Schmitz, ¢ IVIG (0.4 g/kg per day for 5 days) 150 Improved strength in significantly more IVIG-treated than
1992 vs plasma exchange plasma exchange-treated patients (P = .024)

Plasma Exchange/ IVIG (0.4 g/kg per day for 5 days) 383 No significant difference in change in disability, time to unaided
Sandoglobulin Guillain-Barré vs plasma exchange vs IVIG walking, or discontinuation of ventilation
Syndrome Trial Group,*” 1997 + plasma exchange

Raphael et al,** 2001 IVIG (0.4 g/kg per day for 39 Nonsignificantly shorter time to assisted walking in 6-day group

3 or 6 days)

than in 3-day group (P = .08) but significant superiority for
6-day group in patients with ventilation (P = .04)

Chronic Inflammatory Demyelinating P

olyneuropathy

Hughes et al,*' 2001 IVIG (1.0 g/kg per day for 32 Slightly more improvement in disability with IVIG than with
2 consecutive days) vs prednisolone; increased quality of life in IVIG group
prednisolone

Dyck et al,** 1994 IVIG (0.2-0.4 g/kg per week for 6 20 Similar improvements in neurological disability score with IVIG
weeks) vs plasma exchange and plasma exchange

Mendell et al,** 2001 IVIG (1.0 g/kg per day on days 1, 33 Significantly improved muscle strength with IVIG compared

2, and 21) vs placebo

with placebo at day 42 (P = .006); differences favoring IVIG
seen at day 10; data support IVIG as initial treatment

Multifocal Motor Neuropat!

IVIG (0.4 g/kg per day for 5 days) 16
vs placebo

Federico et al,®" 2000

hy

Significantly improved neurologic disability with IVIG (P = .038)
but worse with placebo; significantly improved grip strength
with IVIG (P = .0021) but worse with placebo

Van den Berg-Vos et al,*? 2002 IVIG (0.4 g/kg per day for 5 days
followed by 0.4 g/kg per

week for 1 year)

11

Muscle strength improved with IVIG but declined from peak
during long-term follow-up; long-term benefit of IVIG but
disease continues to progress

IgM Paraproteinemic Demyelinating

Neuropathy
Modest improvement in strength in 2 of 11 patients with IVIG

Dalakas et al,*® 1996 IVIG vs placebo 1
Comi et al,%¢ 2002 IVIG (2 g/kg over 24-48 hours) vs 22
placebo

Significant decrease in overall disability (P = .001) with IVIG on
secondary outcomes (ie, Rankin scale scores, time to walk
10 m, grip strength, sensory symptoms score)

Myasthenia Gravis

Gajdos et al,°” 1997 IVIG (0.4 g/kg per day for 3 or 5 87 Variation in myasthenic muscular score similar with IVIG and
days) vs plasma exchange plasma exchange
Gajdos,*® 2004 IVIG (1 g/kg per day for 1 day vs 173 Scores improved equally in both groups at day 15

2 g/kg per day for 2 days)

Lambert-Eaton Myasthenic Syndrome

Bain et al,*® 1996 IVIG (1.0 g/kg per day for 2 days)

vs placebo

Significant improvement in 3 strength measures
(P =.017-.038) with IVIG compared with placebo;
significant decline in serum calcium channel antibody titers
(P = .028) with IVIG compared with placebo

Dermatomyositis

Dalakas et al,%® 1993 IVIG (2 g/kg per month for 15

3 months) vs placebo

Significant improvement in muscle strength (P<.018) and
neuromuscular symptom scores (P<.035) with IVIG
compared with placebo; improved muscle cytoarchitecture;
downregulation of class | major histocompatibility complex,
transforming growth factor B8, and intercellular adhesion
molecule 1 expression by muscle

Inclusion Body Myositis

Dalakas et al,®® 1997 IVIG (2 g/kg per month for 19 Nonsignificantly better strength scores overall with IVIG than
3 months) vs placebo with placebo, but significantly improved duration of
swallowing functions (P<..05)
Dalakas et al,%® 2001 IVIG (2 g/kg per day for 36 No significant difference in strength scores between IVIG +

3 months) + prednisone vs
placebo + prednisone

prednisone and placebo + prednisone

Stiff-Person Syndrome

IVIG (2 g/kg per month for 16
3 months) vs placebo

Dalakas et al,”" 2001

Significant decrease in stiffness scores (P = .02) and
substantial decrease in heightened-sensitivity scores with
IVIG compared with placebo; rebound during placebo
treatment; some long-term benefit

Abbreviation: IVIG, intravenous immunoglobulin.
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with Guillain-Barré syndrome than did
plasma exchange.*® Although both treat-
ments are beneficial, combining plasma
exchange with IVIG produces no incre-
mental benefit. In a large controlled
study (N=383) comparing a 5-day regi-
men of IVIG, 0.4 g/kg per day alone,
plasma exchange alone, and IVIG plus
plasma exchange, there were no signifi-
cant differences among treatment groups
in mean change in disability 4 weeks af-
ter randomization.’” There were also no
significant differences in secondary out-
come measures, including time to un-
aided walking and discontinuation of
ventilation. Results from another con-
trolled study suggest that IVIG plus
methylprednisolone might not be supe-
rior to IVIG alone in patients with Guil-
lain-Barré syndrome.*®

Insight into optimal IVIG dosing in
Guillain-Barré syndrome was provided
in a French multicenter controlled trial
comparing IVIG, 1.2 g/kg given in a
3-day regimen, and 2.4 g/kg given in a
6-day regimen.*® Time to walking with
assistance was shorter in the 6-day treat-
ment group (84 vs 131 days) and sig-
nificantly shorter in those who re-
ceived ventilation. The proportion of
patients who recovered full muscular
strength at 1 year was also greater in the
6-day treatment group. Thus, IVIG may
be more beneficial when given in a full
dose of at least 2 g/kg, especially in pa-
tients who need ventilatory assistance.
Whether a second IVIG infusion is
needed in patients with incomplete re-
covery, as suggested,* remains unclear
because the natural course of the dis-
ease confounds assessment. The useful-
ness of IVIG in mild, ambulatory cases
has not been established.

Since plasma exchange is not readily
available, IVIG has now become the treat-
ment of choice for Guillain-Barré syn-
drome. Combining plasma exchange or
steroids with IVIG does not confer a sig-
nificant advantage. Although IVIG works
in Guillain-Barré syndrome via a com-
bination of factors illustrated in Figure
1, its effect on neutralizing neuromus-
cular blocking antibodies, probably via
the effect of anti-idiotypes, has been dem-
onstrated in vitro.*'**

©2004 American Medical Association. All rights reserved.
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Chronic Inflammatory Demyelinat-
ing Polyneuropathy. Clinically, CIDP
is characterized by progressive sym-
metric proximal and distal weakness,
sensory loss, and areflexia.>"? Unlike
Guillain-Barré syndrome, which is a
monophasic disease, CIDP is a slowly
progressive or relapsing disease that re-
quires long-term therapy to maintain
improvement.>**? Controlled studies
have confirmed the value of steroids and
plasma exchange in CIDP. Tradition-
ally, the former has been considered the
criterion standard of treatment, but evi-
dence from controlled trials indicates
that the efficacy of IVIG is similar to that
of steroids or plasma exchange, at least
for the short term.

A randomized, controlled crossover
trial compared a 6-week course of oral
prednisolone (tapered from 60 mg/d to
10 mg/d) with a 2-day course of IVIG,
1.0 g/kg per day, for treatment of CIDP.*!
Treatment was switched after a 4-week
washout period. Both treatments pro-
duced significant improvements in dis-
ability after 2 weeks, although quality of
life was superior in the IVIG group ow-
ing to lesser adverse effects.* Intrave-
nous immunoglobulin was also equal to
plasma exchange in a single-blind, con-
trolled crossover trial of CIDP patients
assigned to a 6-week course of plasma
exchange or IVIG, 0.2-0.4 g/kg admin-
istered weekly.* Similar improvements
in neurologic disability occurred with
IVIG compared with placebo in a paral-
lel controlled trial.*

The position of IVIG in the hierar-
chy of CIDP treatment was investi-
gated in a 3-year placebo-controlled
study of IVIG in treatment-naive pa-
tients.* Patients received IVIG, 1.0 g/kg
per day, or placebo on days 1, 2, and 21.
Differences in muscle strength favor-
ing IVIG were observed as early as day
10; by day 42, strength and functional
performance had improved signifi-
cantly more with IVIG than with pla-
cebo. These findings support the use of
IVIG as first-line therapy, especially in
the early inflammatory phase of CIDP.

A number of disease-associated vari-
ants of CIDP have been identified.”*® Al-
though IVIG seems to be effective in

these forms, formal controlled trials have
not been conducted. Some reports in-
dicate that 12% to 18% of patients with
diabetes meet the electrophysiologic cri-
teria for CIDP, and the risk of CIDP is
11 times greater in those with type 2 dia-
betes than in those without diabetes.*
Patients with demyelinating polyneu-
ropathy in the setting of diabetes re-
spond to IVIG,” but the response de-
pends on how the disease is defined.
Clearly, a controlled trial is needed to
establish the safety and efficacy of IVIG
in diabetes-associated CIDP.

Because of its similar efficacy to
plasma exchange and steroids, IVIG has
emerged as a major treatment of CIDP,
either as first-line therapy to mitigate
the long-term axonal degeneration that
typically accompanies disease progres-
sion or as supplementary therapy. Al-
though the long-term efficacy of IVIG
and the appropriate dose have not been
established, IVIG is an attractive long-
term treatment mode, given the seri-
ous adverse effects of prolonged therapy
with steroids or immunosuppres-
sants. The added value of combina-
tion therapy has not been studied.

Multifocal Motor Neuropathy. Clini-
cally, multifocal motor neuropathy is
characterized by slowly progressive
asymmetric, predominantly distal weak-
ness, usually prominent in the fore-
arms.'* The diagnostic hallmark of mul-
tifocal motor neuropathy is persistent
localized motor conduction blocks with
normal function of sensory nerves. A
number of patients have anti-GM1 an-
tibodies, which may recognize epi-
topes at the node of Ranvier,” but their
role in disease pathogenesis is unclear.

Unlike CIDP, multifocal motor neu-
ropathy does not respond to steroids;
in fact, steroids may worsen the dis-
ease. In contrast, several placebo-
controlled trials have shown that IVIG
improves muscle strength and neuro-
logic disability scores as well as con-
duction block.*! Long-term mainte-
nance therapy with IVIG was also
investigated in 11 multifocal motor neu-
ropathy patients followed up for 4 to 8
years.’* After an initial dose of 0.4 g/kg
per day for 5 days, patients received one

(Reprinted) JAMA, May 19, 2004—Vol 291, No. 19 2371
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0.4-g/kg infusion every week for 1 year
and as needed thereafter. Muscle
strength improved significantly within
3 weeks of initiation of IVIG treat-
ment but declined slightly yet signifi-
cantly during the follow-up period. In-
terestingly, electrophysiologic changes
consistent with improvement (remy-
elination or reinnervation) and wors-
ening (demyelination or axon loss) oc-
curred simultaneously in different
nerves, while conduction block disap-
peared in some nerves but appeared in
others. These results suggest that IVIG
maintenance treatment is beneficial in
multifocal motor neuropathy but that
the disease continues to progress slowly
over many years.

Because multifocal motor neuropa-
thy resembles a motor neuron disease,
the strict criteria of conduction block
may need to be redefined to capture
subsets of patients without apparent
block who have the potential to im-
prove. In contrast with multifocal
motor neuropathy, patients with amyo-
trophic lateral sclerosis, which some-
times resembles multifocal motor
neuropathy, do not respond to IVIG. In
a study of 9 patients with amyotro-
phic lateral sclerosis, IVIG treatment
failed to change the course of the
disease.”

Paraproteinemic Demyelinating
Neuropathies. While the IgG and IgA
paraproteinemic demyelinating neu-
ropathies behave like CIDP, the IgM
paraproteinemic demyelinating neu-
ropathies, which are most often associ-
ated with anti-myelin-associated glyco-
protein antibodies, comprise a distinct
subset.”*>> Anti-myelin-associated gly-
coprotein IgM antibodies are probably
pathogenic because they are deposited
on myelinated fibers, where they split the
myelin lamella, causing demyelin-
ation.”* The efficacy of IVIG in IgM anti—
myelin-associated glycoprotein para-
proteinemic demyelinating neuropathies
was tested in a randomized, placebo-
controlled crossover trial that showed
modest benefit in 2 of 11 patients.”” A
second trial showed a statistically sig-
nificant but very modest benefit in sec-
ondary end points.”

2372 JAMA, May 19, 2004—Vol 291, No. 19 (Reprinted)

Autoimmune Neuromuscular
Junction Defects

Myasthenia Gravis. Myasthenia gravis
is characterized by fluctuating weak-
ness or fatigability of the extraocular,
bulbar, respiratory, and limb muscles.*!
Ptosis, diplopia, dysarthria, and dys-
phagia are common. Current treat-
ment includes anticholinesterase drugs,
thymectomy, steroids, immunosup-
pressants, and plasma exchange.”!

To date, only 1 randomized con-
trolled trial of IVIG in patients with my-
asthenia gravis has been published.””
In that study, 87 patients with myas-
thenia gravis exacerbation received 3
courses of plasma exchange or IVIG, 0.4
g/kg per day, for either 3 or 5 days. Ef-
ficacy, as measured by change in my-
asthenic muscular score, was similar in
the plasma exchange and IVIG groups;
anti—acetylcholine receptor antibody ti-
ters decreased by about two thirds in
all groups. Interestingly, the 3-day IVIG
regimen (1.2 g/kg) was slightly supe-
rior to the 5-day IVIG regimen (2 g/kg).
Another controlled trial randomly as-
signed 173 patients to receive IVIG, 1
g/kg for 1 day, vs 2 g/kg for 2 days. At
day 15, the myasthenia scores were in-
creased equally in both groups.”® At pres-
ent, and until more controlled trials are
conducted, IVIG is recommended for
crisis, in patients with severe weak-
ness poorly controlled with other
agents, or in lieu of plasma exchange.

Lambert-Eaton Myasthenic Syn-
drome. Patients with Lambert-Eaton
myasthenic syndrome often present
with proximal muscle weakness, auto-
nomic dysfunction, and ocular-bulbar
symptoms.”?* The disorder is paraneo-
plastic in about 60% of patients, most
of whom have small-cell lung carcino-
ma.”* The majority of patients with
Lambert-Eaton myasthenic syndrome
respond to immunosuppressive agents
(eg, steroids, azathioprine) as well as
to IVIG. In a placebo-controlled cross-
over trial, IVIG, 1 g/kg per day for 2
days, produced significant improve-
ments in muscle strength and reduc-
tion in serum calcium channel anti-
body titers.”” Improvement peaked at
2 to 4 weeks but declined by 8 weeks.

Immunoglobulin is useful as adjuvant
therapy in difficult Lambert-Eaton my-
asthenic syndrome cases.

Inflammatory Myopathies

All 3 forms of inflammatory myopa-
thy are characterized by proximal and
often symmetric muscle weakness that
develops subacutely or, occasionally, as
in inclusion body myositis, insidi-
ously.?®® High-dose IVIG has been
tested in controlled trials of patients
with dermatomyositis or inclusion body
myositis but not with polymyositis, al-
though in uncontrolled series, IVIG has
been shown to be effective in patients
with polymyositis.®!2

Dermatomyositis. Administration of
IVIG to patients with dermatomyosi-
tis produces striking clinical benefits in
parallel with histopathologic improve-
ments (FIGURE 2). In a double-blind,
placebo-controlled crossover trial, pa-
tients with treatment-resistant derma-
tomyositis received IVIG, 2.0 g/kg, or
placebo once a month for 3 months.*
At the end of the first 3-month treat-
ment phase, IVIG-treated patients ex-
perienced significant improvement in
muscle strength and neuromuscular
symptoms compared with those receiv-
ing placebo. A dramatic improvement
in rash, which often preceded or coin-
cided with improved muscle strength,
was also observed.

Histological examination of re-
peated muscle biopsies detected mark-
edly improved muscle cytoarchitec-
ture, with resolution of aberrant
immunopathologic parameters, includ-
ing downregulation of class I major his-
tocompatibility complex, intercellular
adhesion molecule 1 (Figure 2),% and
transforming growth factor B con-
firming the in vivo effect of IVIG in sup-
pressing cytokines and adhesion mol-
ecules. Consistent with its proposed
mode of action, it also was shown in
vivo that IVIG inhibited complement
C3 in the circulation and intercepted
the formation and intramuscular depo-
sition of MAC, the lytic component of
the complement pathway.® Thus, IVIG
is an important mode of therapy in pa-
tients with dermatomyositis resistant to
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Figure 2. ICAM-1 Expression in Muscle Biopsy Specimens From a Patient With Dermatomyositis Before and After IVIG Therapy
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Muscle biopsy specimens from a patient with dermatomyositis who had substantial clinical improvement after 3 infusions of intravenous immunoglobulin (IVIG) were
stained with monoclonal antibodies to intercellular adhesion molecule 1 (ICAM-1) using an immunoperoxidase technique. A, Before IVIG therapy, ICAM-1 is strongly
expressed on endothelial cells, infiltrating lymphocytes, and occasional muscle fibers (brown chromogen). B, After therapy, ICAM-1 expression is markedly suppressed,
and the size of the muscle fibers is increased. Nuclei appear blue in both panels. (Counterstain: hematoxylin; original magnification X125).%* Photo source: National

Institutes of Health.

conventional therapies; it interrupts im-
munopathologic mechanisms of the dis-
ease and restores normal histology.
Inclusion Body Myositis. Inclusion
body myositis is the most common ac-
quired inflammatory myopathy in pa-
tients older than 50 years.*® Patients
present with distal and proximal muscle
weakness, frequent falls, and dyspha-
gia. Immunopathologically, inclusion
body myositis is identical to polymyo-
sitis, but histologically, it is differenti-
ated by the presence of vacuolated fi-
bers and amyloid deposits.**®
Inclusion body myositis is notori-
ously resistant to treatment with im-
munosuppressive medications. There-
fore, the efficacy of IVIG was tested in
19 patients in a placebo-controlled
crossover trial similar to that of the der-
matomyositis trial.*®® Although muscle
strength scores improved more in IVIG-
randomized patients, the differences
were not statistically significant,* ex-
cept for regional differences, most no-
table in the muscles used for swallow-
ing. A second study showed similar
results.” A third study, carried out to
investigate the potential synergistic
effect of IVIG and prednisone, ran-
domly assigned 36 patients to IVIG,
2 g/kg, or placebo once a month for 3
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months.®® All patients received pred-
nisone concurrently (tapered from 60
mg/d). After 3 months of treatment,
there was no significant difference in
muscle strength between the IVIG-plus-
prednisone group and the placebo-plus-
prednisone group. Despite these nega-
tive findings, some inclusion body
myositis patients may derive modest,
transient benefit from IVIG therapy, suf-
ficient to justify a 2- to 3-month trial,
especially in those with severe dyspha-
gia, as recently noted.”

Autoimmune Central Nervous
System Disorders

Intravenous immunoglobulin has also
been used in the treatment of other au-
toimmune neurologic disorders, such as
stiff-person syndrome and MS. Stiff-
person syndrome is characterized by
fluctuating muscle rigidity, episodic
muscle spasms induced by unexpected
external stimuli, and high titers of an-
tibodies against glutamic acid decarbox-
ylase, the rate-limiting enzyme for syn-
thesis of y-aminobutyric acid.”” Drugs
that enhance y-aminobutyric acid neu-
rotransmission, such as diazepam, pro-
vide only mild to modest relief of clini-
cal symptoms’™; however, treatment with
IVIG confers substantial benefit. This im-

provement was documented in a pla-
cebo-controlled crossover trial in 16 pa-
tients administered IVIG, 2 g/kg, or
placebo once a month for 3 months.”
Efficacy was based on distribution-of-
stiffness and heightened-sensitivity
scales. Among patients initially treated
with IVIG, stiffness scores decreased sig-
nificantly and heightened-sensitivity
scores declined markedly, but they re-
bounded during placebo administra-
tion; the opposite pattern occurred
among those treated with placebo first.”
Patients were able to walk without as-
sistance and perform work-related or
household tasks; their frequency of falls
decreased.

The efficacy of IVIG in MS is less
clear. In controlled trials, IVIG treat-
ment was beneficial to patients with re-
lapsing-remitting MS,”>" but addi-
tional studies must be conducted to
substantiate this benefit. A placebo-
controlled trial in MS patients with
chronic optic neuritis demonstrated no
significant improvement in visual acu-
ity among patients randomized to re-
ceive IVIG compared with placebo, al-
though some improvement in visual
function occurred in patients with clini-
cally stable disease.” In a separate pla-
cebo-controlled trial, IVIG did not
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reverse established weakness in MS
patients.”

Immunoglobulin has been used to
treat some forms of intractable child-
hood epilepsy, mainly in those with
West syndrome and Lennox-Gastaut
syndrome, with promising results, al-
though studies are heterogeneous and
controls are lacking.”®”” Controlled
trials are also needed to confirm the
benefits of IVIG therapy reported in
other autoimmune systemic inflamma-
tory conditions, such as Rasmussen en-
cephalitis, Isaacs syndrome, vasculi-
tis, and recurrent acute disseminated
encephalomyelitis.”®%

Risks and Complications

Adverse reactions associated with use of
IVIG include (1) minor, self-limited re-
actions, such as headache, chills, myal-
gia, low back pain, or chest discomfort,
that occur early in the infusion but dis-
sipate after the infusion rate is slowed**;
(2) moderate but rare and inconsequen-
tial incidences of aseptic meningitis, es-
pecially in patients with a history of mi-
graine,® and dermatologic reactions,
including urticaria, lichenoid lesions, pal-
mar pruritus, or petechiae, that develop
up to 5 days after infusion®®3*; and (3)
more serious but rare reactions, includ-
ing anaphylaxis in patients with a se-
vere deficiency of IgA when they have
anti-IgA antibodies, acute but often re-
versible renal tubular necrosis in pa-
tients with preexisting kidney disease and
volume depletion, and thromboem-
bolic events, such as stroke, myocardial
infarction, or pulmonary embolism due
to IVIG-associated increased plasma vis-
cosity in patents at increased risk for
thrombosis, such as elderly, diabetic,
thrombocytotic, or hypergammaglobu-
linemic patients.®®

COMMENT AND CONCLUSION

Intravenous immunoglobulin is used in
the treatment of a wide range of im-
munologic diseases that affect the en-
tire neuraxis, including brain, spinal
cord, peripheral nerves, neuromuscu-
lar junction, and muscles. Based on con-
trolled clinical trials, IVIG is the treat-
ment of choice for Guillain-Barré
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syndrome, multifocal motor neuropa-
thy, and CIDP and is useful instead of
plasma exchange in myasthenia gravis
management; IVIG is also effective in
aggressive or treatment-resistant der-
matomyositis and improves function in
patients with stiff-person syndrome.
Occasionally, patients with inclusion
body myositis may derive modest but
transient benefit, especially in dyspha-
gia, but most do not respond. How-
ever, IVIG cannot reverse established
weakness or chronic optic neuritis in
patients with MS. The efficacy of IVIG
in relapsing-remitting MS is unsettled
and currently under investigation in a
large controlled trial.

In sum, therapy with IVIG is effec-
tive for an array of autoimmune neuro-
logic diseases, but its spectrum of effi-
cacy, especially as first-line therapy, has
not been fully established. Further con-
trolled trials are needed to improve the
evidence base for clinical practice and
to evaluate the use of IVIG in condi-
tions for which its efficacy is theorized
but not proved. The dose needed for
maintenance therapy, the frequency of
administration, and the effect of IVIG
when combined with other therapies re-
main to be established.
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