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The genetics of natalizumab

hypersensitivity

One learns to itch where one can scratch

Many of the immune therapies that are currently
approved or in development for patients with mul-
tiple sclerosis (MS) are potentially immunogenic
recombinant proteins.' Some of these proteins have
amino acid substitutions, while others may differ
from their endogenous counterparts by posttransla-
tional modifications. Recombinant antibodies,
including natalizumab, also induce immune re-
sponses that render them inactive and that cause
some recipients to display a variety of symptoms
that are discussed below. Even with the develop-
ment of technologies that allow the development
of fully humanized monoclonal antibodies, their
immunogenicity could not be fully abolished.

With regard to immune responses to natalizumab,
2 curious phenomena can be discerned: (1) their inci-
dence has substantially increased as the agent made its
way through clinical development, and (2) the pheno-
type of hypersensitivity sensations is ill-defined.

The publication of an initial small placebo-
controlled trial with natalizumab does not mention
hypersensitivity reaction to natalizumab at all.” Sub-
sequently, several immune-related adverse events
were reported in a phase 2 clinical trial.> One out
of 68 patients in the 3 mg/kg body weight natalizu-
mab treatment group experienced an anaphylactoid
reaction with urticaria and bronchospasm. In addi-
tion, there were 3 reports of serum sickness, one in
each natalizumab treatment group and one in the
placebo group. It is interesting that all 3 of these
events occurred at a single study site. In one of the
phase 3 trials (AFFIRM?), 4% of natalizumab recip-
ients had hypersensitivity reactions, including urti-
caria or generalized urticaria, allergic dermatitis,
hypersensitivity, and 5 patients with anaphylactic
or anaphylactoid reactions. The majority of reactions
occurred on the second infusion. In the second phase
3 trial (SENTINEL’), 1.9% of patients assigned a
combination therapy of 2 potentially recombinant

immunogenic proteins, natalizumab and interferon
B-1a (Avonex), had a hypersensitivity reaction, 8 of
which were isolated cases of urticaria. Despite the
mostly benign outcomes from these hypersensitivity
reactions, neurologists would like to be able to pre-
dict which of their patients is at risk. If a diagnostic
test existed, a decision might be made to monitor
these individuals more closely or to initiate another
pharmacotherapy.

In the current issue of Neurology® Neuroimmu-
nology & Neuroinflammation, de la Hera et al.
investigated potential associations between human
leukocyte antigen (HLA) class 1 and class II
alleles and the development of anaphylactic or ana-
phylactoid reactions in patients with MS treated
with natalizumab. A total of 54 patients with
natalizumab-related anaphylactic or anaphylactoid
reactions and 65 patients without allergic reactions
recruited at 3 sites were included in the study.
Information on anti-natalizumab idiopathic neu-
tralizing antibodies (Nabs) that are frequently asso-
ciated with infusion reactions was available in only
half of the 54 patients with MS who developed
infusion-related anaphylactic or anaphylactoid reac-
tions, and 81.5% of patients were seropositive.
There is no information on the antibody status of
the other 65 patients. Overall, this lack of data
makes the results of this study difficult to interpret.

A definition for anaphylactoid reactions is not pro-
vided, but anaphylaxis is described as a severe, poten-
tially fatal systemic allergic reaction that occurs
suddenly after contact with an allergy-causing sub-
stance.” The authors show that HLA-DRBI*13 and
HILA-DRBI*14 alleles are significantly increased in
patients who developed anaphylactic or anaphylac-
toid reactions. In contrast, the HLA-DRBI*15 allele
is significantly more represented in patients who did
not develop these reactions. The sample size was too
small to address the question of whether those alleles
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are also associated with the development of Nabs to
natalizumab. This is a relevant issue, as an immuno-
globulin switch would require natalizumab-specific
CD4" T-helper cells. The authors also did not
attempt to replicate their findings in an independent
cohort as is usually requested for genetic studies.

Would HLA-DRBI genotyping before natalizu-
mab treatment help neurologists identify patients with
MS at risk for developing serious systemic hypersensi-
tivity reactions associated with natalizumab, as con-
cluded by the authors? This conclusion almost
certainly does not apply to all hypersensitivity reactions
that have been described after natalizumab administra-
tion. HLA class I and II are major histocompatibility
complex (MHC) molecules that mediate antigen
presentation to CD87 cytotoxic T cells and CD4*
T-helper cells, respectively. MHC-restricted antigen
presentation is not required for anaphylaxis to occur.
During allergic reactions (type I hypersensitivity),
immunoglobulin E binds directly to the immunogenic
protein and activates Fc receptors on mast cells and
basophils, which then release histamine. Some foreign
proteins can directly cause the degranulation of these
cells. Anaphylactoid reaction, a reaction resembling
generalized anaphylaxis but caused by a nonimmuno-
logic mechanism, by definition is not MHC-
restricted.®  Serum  sickness, or immune complex
hypersensitivity (type I1I), as reported in 3 patients
in the phase 2 clinical trial with natalizumab,’ is an
antibody reaction against nonhuman proteins in
serum that occurs 4-10 days after exposure. MHC-
restricted antigen presentation is not required.

In delayed type hypersensitivity (type 1V), symp-
toms typically develop 48-72 hours after antigen
exposure. This type of hypersensitivity is indeed
mediated by CD4" T-helper cells and late CD8™"
cytotoxic T cells. Thus, type IV hypersensitivities
do require MHC-restricted antigen presentation. As
immune-mediated reactions to natalizumab typically
occur after repeat exposure, some of the reported
hypersensitivity reactions are likely type IV.

There are 3 severe cutaneous adverse drug-induced
hypersensitivity reactions that are associated with HLA
alleles: (1) Stevens-Johnson syndrome/toxic epidermal
necrolysis (SJS/TEN), (2) drug reaction with eosino-
philia and systemic symptoms, and (3) drug-induced
hypersensitivity syndrome. Of interest, these reactions
have been almost exclusively described with small mol-
ecules, not with proteins.” Some of these associations
are biologically relevant, and HLA genotyping cer-
tainly may assist in guiding decision-making in some
clinical situations. For instance, since 2007 the US
Food and Drug Administration has recommended
genotyping for HLA-B*15:02 prior to initiating car-
bamazepine in patients with Asian ancestry in order to

avoid SJS/TEN.'
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Hypersensitivity reactions to natalizumab are rare
and usually not life-threatening. Many of these reac-
tions are related to Nabs to natalizumab, which can
easily be detected by standardized assays. Even if
the findings of the study are replicated in an indepen-
dent cohort and further studies elucidate the immu-
nologic background that leads to the generation of
anti-natalizumab Nabs, it seems unlikely that predic-
tive genetic testing will ever become routine clinical

practice.
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