Going Up:
What’s Behind the
Growth in IVIG Demand

“There is still much to be learned about immunoglobulin
therapy, and many more clinical applications may yet emerge.™
— Stephen Jolles, University Hospital of Wales
— Srini Kaveri, French Institute of Health and

Medical Research
— Jordan Orange, University of Pennsylvania School

of Medicine

By Keith Berman, MPH, MBA



LAUNCHED IN EUROPE in the late 1970s and here in the
U.S. in 1981, the first intravenous immune globulin (IVIG)
products transformed the lives of patients diagnosed with
primary immunodeficiency (PI) disorders, freeing them from
frequent painful — and usually suboptimal — doses of older
intramuscular preparations. Monthly infusions of IVIG dra-
matically reduced severe recurring bacterial infections, hospital-
izations and lost school or work days for these individuals.

But several early IVIG products were also introduced with a
second labeled indication: treatment of immune thrombocy-
topenic purpura (ITP). Totally unexpected, it resulted from a
chance observation by Swiss investigators: When IVIG was
given to a 12-year-old boy with hypogammaglobulinemia
secondary to immunosuppressive therapy for severe chronic
ITP, his platelet counts dramatically increased.>® The Swiss and
others who confirmed this finding in other I'TP patients could only
speculate how these IgG antibody solutions, purified from pooled
plasma from thousands of healthy donors, somehow managed to
block autoimmune platelet destruction. But it really didn’t mater:
IVIG preparations worked, they were well-tolerated, and they had
fewer side effects compared to standard treatment options.

By 1990, U.S. sales of IVIG totaled about 6.6 million grams,
according to Patrick Robert, whose Connecticut-based Marketing
Research Bureau tracks and reports worldwide sales of human

plasma-based therapeutics. Twenty-five years later, 2015 sales of
IVIG and newer subcutaneous immune globulin (SCIG) products
approved for PI had increased 10-fold to 67.3 million grams
(Figure 1).

While PI and I'TP generated most

eatly IVIG prescribing activity;, and

remain important today, these two
indications now account for only

about one-third of total usage.

But remarkably, more than three decades after its introduction,
the U.S. market for IVIG continues to grow well over 5 percent
annually. While PI and ITP generated most early IVIG prescribing
activity, and remain important today, these two indications now
account for only about one-third of total usage.* Clearly some-
thing else has and continues to propel this unparalleled record of
growth in market demand.

Figure 1. U.S. Sales of Polyvalent Intravenous Immune Globulin (IVIG) and
Subcutaneous Immune Globulin (SCIG), 1990-2015 (in millions of grams)
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Much Research, Many Disease Targets

Beginning with that chance ITP discovery in 1980, the
“something else” has been an intense and unabated interest
in the potential clinical utility of IVIG for a diverse array of
difficult-to-treat immune-mediated conditions. “A striking
anti-inflammatory effect of IVIG has been observed” in a
number of autoimmune disorders, panelists agreed at a
National Institutes of Health Consensus Development
Conference in 1990, citing in particular its ability to reduce
fever, neutrophil counts and acute phase reactants in
Kawasaki disease.” “There may be multiple mechanisms of
IVIG action,” they suggested. Further investigations have
subsequently identified a spectrum of immunoregulatory
actions associated with these polyvalent IgG products that
could account for their potent therapeutic effects in certain

autoimmune disorders.®’

Despite years of investigation,

there are many immune-mediated
disorders for which the

effectiveness of IVIG remains

uncertain or controversial.

A 1992 review article in The New England Journal of
Medicine cited more than 35 diseases “thought to be pro-
duced by immunopathology” for which IVIG had been
reported to be beneficial. Additional clinical studies have
subsequently affirmed the efficacy of IVIG for some of them
— Guillain-Barré syndrome, chronic inflammatory demyeli-
nating polyneuropathy and Kawasaki disease, for instance —
while failing to conclusively document its value in others
such as Sjogren’s syndrome and systemic lupus erythemato-
sus. Since 1992, literally thousands of randomized clinical
trials (RCTs) and case reports have characterized the thera-
peutic effects of IVIG in many dozens of immune-mediated
disorders. Yet to this day, little is known about how IVIG
actually works across a wide range of autoimmune hemato-
logical disorders, neuropathies, myopathies, neuromuscular
junction disorders, mucocutaneous blistering diseases and

other immune-mediated disorders for which it is routinely

prescribed (Table 1).
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Table 1. Immune-Mediated Disorders for
Which IVIG Is Commonly Prescribed*

Primary humoral immunodeficiency disorders

Autoimmune neuropathies
Guillain-Barré syndrome
Chronic inflammatory demyelinating polyneuropathy
Multifocal motor neuropathy
Relapsing-remitting multiple sclerosis

Neuromuscular junction defects
Myasthenia gravis exacerbations (myasthenic crisis)
Lambert-Eaton myasthenic syndrome

Autoimmune mucocutaneous blistering disorders
Bullous pemphigoid
Pemphigus vulgaris and pemphigus foliaceus
Mucous membrane pemphigoid
Epidermolysis bullosa acquisita
Stevens-Johnson syndrome/toxic epidermal necrolysis

Autoimmune inflammatory disorders
Kawasaki disease
Dermatomyositis
Polymyositis
Stiff person syndrome

Hematological disorders
Immune thrombocytopenic purpura
Neonatal alloimmune thrombocytopenia
Post-allogeneic bone marrow transplant setting
B cell chronic lymphocytic leukemia
Warm antibody autoimmune hemolytic anemia
Anti-phosphoalipid syndrome

Infectious diseases
Toxic shock syndrome
Pediatric HIV infection (prevention of bacterial infection)

Solid organ transplantation

Densensitization of pre-renal transplant ABO incompatibility

Acute humoral rejection of kidney allograft
Cytomegalovirus-induced pneumonitis

*This is not intended to be an exhaustive list of disorders for which IVIG
is prescribed or has been shown to be beneficial. Specific criteria usually

apply to qualify for health insurance coverage.



The overall magnitude of IVIG demand is a function of that
extraordinary diversity of diseases for which IVIG has been
shown to be effective. But why IVIG prescriptions continue to
grow — rather than having peaked and leveled off years ago like
most drugs — has everything to do with what isn’t known about
how it works or the diseases it treats.

Unanswered Questions Limit Prescribing

Despite years of investigation, there are many immune-
mediated disorders for which the effectiveness of IVIG
remains uncertain or controversial. For other disorders, suffi-
cient case reports and small case series have documented ther-
apeutic benefit of IVIG in some patients, but critical ques-
tions remain: Are there definable parameters to help target
IVIG therapy to potential responders, and minimize futile
treatment? How much IVIG is required to achieve a thera-
peutic effec? How often should IVIG be administered?
Depending on the condition, any or some combination of
the following factors may be impeding efforts to answer these
questions:

* A poor understanding of the pathogenesis of most immune-
mediated disorders for which IVIG has been shown to be
beneficial in at least some patients.

* The existence of characterized and possibly unknown disease
variants, where IVIG may be effective in some but not others.

* A common lack of validated laboratory or clinical prognostic
parameters to enable physicians to target IVIG therapy to the
subset of patients that is likelier to respond.

* A paucity of validated laboratory parameters that may be
used to guide IVIG dosage and dosing frequency.

* Typically very low disease prevalence or rarity, making the
conduct of adequate dose-ranging and efficacy trials difficult or
impractical.

The history of investigation of IVIG for multiple sclerosis
(MS) offers an instructive example of the long and sometimes
tortuous path of scientific discovery, clinical consensus and
insurance coverage that ultimately reflects that consensus:

1992: IVIG dosed at 2 g/kg followed by bimonthly booster
doses sharply reduces annual exacerbation rate in 10 patients
with relapsing-remitting MS (RRMS)?

1997: IVIG is effective in monthly doses up to 2 g/kg in a
randomized, placebo-controlled trial in 148 patients with
RRMS’

2004: No clinical benefit of IVIG (1 g/kg/month) in a
placebo-controlled RCT in 318 European patients with
secondary progressive MS"

2005: An observational study of high-dose IVIG in 308
patients with RRMS documents a 69 percent reduction in the

mean annualized relapse rate, similar to results of several
previous RCTs evaluating IVIG for RRMS"

When administered at higher doses,”” IVIG has consistently
been shown to reduce the mean exacerbation rate in RRMS
patients. Several other studies have confirmed, on the other
hand, that IVIG has little or no therapeutic benefit for chronic
progressive forms of the disease. More than a decade after the
first positive studies, most health insurers now cover IVIG for
RRMS as second-line therapy subject to certain criteria, typically
including failure of standard MS drug treatments."'*"

Unfortunately the available clinical data still don’t fully
elucidate when to treat, how much to administer or which
patients are likely responders or nonresponders. “IVIG therapy
in RRMS has met with uncertainties that might be attributed
to small patient cohorts, heterogeneity in the patients, dose of
IVIG, or the duration and window of treatment,” noted
authors of a recent commentary.'® And with these uncertainties
about when and how to use IVIG naturally comes a hesitancy
on the part of physicians to prescribe it, and insurers to agree

to cover it.

IVIG is arguably the most
complex therapeutic agent of

any kind in existence.

But very recently, a team of Austrian and German collabora-
tors reported findings from a forward-thinking study whose
entire purpose was to determine if genotyping and functional
immune parameters can be used to predict subpopulations of
RRMS patients who will benefit from IVIG from those who
will not. Applying a scoring system to these biomarkers, the
investigators found that IVIG responders scored either 0 or 1
(indicative of milder disease), while nonresponders scored
between 7 and 9.7

A larger multicenter, controlled, randomized Phase IIIb
trial is now in progress by the same investigators. Should this
and similar studies confirm the ability to use biomarkers to
prospectively predict the subpopulation of RRMS patients
who will benefit from treatment, we could see much wider
utilization of IVIG as a part of the standard therapeutic arma-
mentarium to treat RRMS.
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Table 2. Selected Clinical Trials Currently Evaluating IVIG*

Condition Enroliment target Estimated study completion date
Autoimmune epileptic seizures 30 August 2018

BK viremia in kidney transplant recipients 60 December 2018
Childhood encephalitis 308 February 2020
Dermatomyositis 94 March 2019
Diabetes with peripheral neuropathy/demyelination 25 February 2017
Idiopathic cardiomyopathy with high PVB19 load 50 November 2017
Intracranial hemorrhage 60 April 2018
Kidney transplant (HLA desensitization) 75 September 2018
Myasthenia gravis (corticosteroid-dependent) 60 December 2017
Myasthenia gravis exacerbation 50 June 2017
Post-polio syndrome 210 December 2018
Sickle cell disease (pain crisis) 94 July 2020

Small fiber neuropathy/demyelination 60 May 2017

Toxic shock syndrome (pediatric) 156 January 2021

More Research, Better Clinical Guidance Ahead

There are numerous clinical studies in progress (Table 2)
addressing immune-mediated disorders, whose aim is to produce
information both to establish efficacy and to help guide clinician
decision-making about when, how much and for whom IVIG
therapy is appropriate. Still other studies will be organized in the
future. One by one as they are completed in coming years, the
efficacy and safety of IVIG will be confirmed for more disease
states. Equally important, better information will become
available to guide appropriate patient selection, timing of
therapy and dosing of clinical indications for which IVIG is
known to work in some patients but not others.

And therein lies the answer to the mystery of why demand for
IVIG continues to increase after all these years. IVIG is arguably
the most complex therapeutic agent of any kind in existence. It
is literally a concentrate of the largest component of the humoral
immune system, whose mechanisms of action for a host of
immune-mediated disorders remain poorly understood. More
knowledge gleaned from well-designed clinical studies about the
appropriate use of IVIG further empowers clinicians to use it
and insurers to cover and pay for it.

But the challenge of organizing, funding and conducting trials
in uncommon diseases that tend to be heterogeneous and little
understood, with a product whose mode of action is also lictle
understood, means that answers will continue to come slowly.
Which all but assures that, for many years ahead, this slow
stream of discovery will continue to light the path for IVIG to
help yet more patients in need. <
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