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Abstract
Objective
This pilot study preliminarily examined the efficacy and tolerability of cetirizine as an add-on to
standard therapy for neuromyelitis optica (NMO).

Methods
Eligible participants met theWingerchuk 2006 diagnostic criteria or had a single typical episode
along with positive NMO immunoglobulin G. After baseline clinical and laboratory assess-
ments, participants began treatment with cetirizine 10 mg orally daily, in addition to their usual
disease-modifying therapy for NMO, and continued for 1 year. The primary end point was the
annualized relapse rate (ARR) while on the same disease-modifying therapy before starting
cetirizine compared with after taking cetirizine. Additional end points included disability
(Expanded Disability Status Scale [EDSS]), relapse severity, tolerability, especially with respect
to drowsiness measured by the Epworth Sleepiness Scale (ESS), and laboratory parameters.

Results
The ARR before cetirizine was 0.4 ± 0.80 and after cetirizine was 0.1 ± 0.24 (p = 0.047). There
was no statistically significant difference in the EDSS (mean 3.9 ± 2.18 before the start of the
study and 3.2 ± 2.31 at the conclusion of the study, p = 0.500). The ESS remained fairly
consistent throughout the study (mean 6.5 ± 5.33 at baseline and 6.9 ± 4.50 at month 12, p =
0.740). Laboratory studies were unrevealing.

Conclusions
In this pilot study, cetirizine was well tolerated, and the prespecified primary efficacy end point
was satisfied. However, the open-label design and the small sample size of this pilot study
preclude definitive conclusions. Further research is needed.

Classification of evidence
This study provides Class IV evidence that in patients with NMO, the addition of cetirizine to
standard therapy is safe, well tolerated, and reduces relapses.
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Neuromyelitis optica (NMO) is a rare, severe inflammatory
disease that affects the CNS. Neurologic episodes are often
severe with poor recovery, resulting in permanent disability.
Even with standard treatments, breakthrough disease activity
is not uncommon.1

Most patients with NMO spectrum disorder (NMOSD)
demonstrate autoantibodies to aquaporin-4 (AQP4), a mem-
brane water channel expressed in astrocytes.2 Studies suggest
that this antibody is pathogenic. Binding of AQP4 immuno-
globulin G (IgG) to AQP4 activates complement-dependent
cytotoxicity, which leads to a cascade of inflammatory events
including leukocyte infiltration and cytokine release along
with breakdown of the blood-brain barrier. Inflammatory
damage results in demyelination and axonal/neuronal dam-
age responsible for the observed neurologic deficits.3

Research regarding potential therapies initially largely focused
on agents that decrease lymphocyte activity. However, animal
model work has demonstrated the importance of the local
inflammatory events that occur after AQP4-IgG binding. In
particular, the importance of eosinophils and their de-
granulation in the development of NMOSD lesions has been
illustrated. Animal model work demonstrated that the de-
velopment of NMOSD-type lesions could be blocked with the
administration of the popular allergy medication, cetirizine,
likely related to its properties as an eosinophil stabilizer.4

The demonstrated role of eosinophils in the pathogenesis of
NMO, effectiveness of cetirizine in an NMO animal model,
and favorable safety profile of cetirizine inspired the de-
velopment of this study, a pilot, open-label, add-on trial of
cetirizine for NMO (NCT02865018).

Methods
Standard protocol approvals, registrations,
and patient consents
The study was approved by the Institutional Review Board of
The Icahn School of Medicine at Mount Sinai. Written in-
formed consent was obtained from all participants. The study
was registered on clinicaltrials.gov (NCT 02865018).

Clinical protocol initiation
Eligible participants were 18 years or older and met the
Wingerchuk5 NMO diagnostic criteria or alternatively had
a single characteristic episode along with positive NMO IgG.
The disease duration was at least 6 months, and participants
were required to be stable on their current disease-modifying

therapy for at least 3 months. Those who were already taking
a daily antihistamine were excluded, as were those with severe
renal or hepatic impairment or known hypersensitivity to
cetirizine. Pregnancy and breastfeeding were additional
exclusions.

Participants who passed screening completed the baseline
clinical assessment. Previous NMOSD history with respect to
relapses was captured by a detailed review of medical records.
Outside records were obtained when needed. Relapses were
defined as “patient-reported symptoms or objectively ob-
served signs typical of an acute inflammatory demyelinating
event in the CNS, with duration of at least 24 hours, in the
absence of fever or infection,” as outlined by the International
Panel on the Diagnosis of MS in the 2010McDonald Criteria6

because a rigorous relapse definition for NMOSD was not
available in the literature at the time. Each suspected historical
relapse identified by the study coordinator was independently
reviewed by 2 neurologists (I.K.S. and M.T.F.) with expertise
in NMOSD. An additional expert (F.D.L.) was designated to
adjudicate cases of disagreement; however, this was not nec-
essary. Participants then underwent standardized neurologic
examination (Expanded Disability Status Scale [EDSS])7 and
completed the Epworth Sleepiness Scale8 (ESS). The ESS
asks participants to score on a scale of 0–3 the likelihood of
dozing off/falling asleep during various activities such as
watching television and sitting quietly after lunch.

Laboratory assessments
A blood sample was drawn at baseline. CSF was also sampled
in those participants who were amenable. Serum and CSF
cytokine analyses included potential biomarkers of NMO,
including CXCL139 and IL-21.10 Cytokines/chemokines
that are associated with eosinophil priming, such as IL-3, IL-
5, IL-13, granulocyte-macrophage colony-stimulating factor,
and TNFα,11,12 or chemotaxis, such as eotaxin, eotaxin-2,
eotaxin 3, RANTES, and IL-8,13–16 were measured by mul-
tiplex ELISA (EMDMillipore, Billerica, MA). In addition,
eosinophil-derived neurotoxin was measured by sandwich
ELISA as a marker of eosinophil degranulation (MBL lab-
oratories, Nagoya, Japan). Markers of eosinophil activation
and survival (CXCR2, CXCR4, CD69, HLA-DR, and in-
tercellular adhesion molecule [ICAM]-1) were analyzed by
flow cytometry. Eosinophil activation potential was studied
by in vitro stimulation with leukotriene B4 in whole blood
culture.17

Follow-up assessments
Participants started cetirizine 10 mg orally daily and were
instructed to continue this for 1 year, in addition to their

Glossary
AQP4 = aquaporin-4; ARR = annualized relapse rate; EDSS = Expanded Disability Status Scale; ESS = Epworth Sleepiness
Scale; ICAM = intercellular adhesion molecule; IgG = immunoglobulin G; IL = interleukin; NMO = neuromyelitis optica;
NMOSD = NMO spectrum disorder.
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established NMOSD disease-modifying therapy. They were
monitored for new neurologic episodes and for potential
adverse events related to the study drug. Formal relapse
assessments as well as the ESS were completed at months 3, 6,
9, and 12. The same relapse definition and procedures were
applied as with historical relapses, with the additional re-
quirement of in-person evaluation for any suspected relapse.
The EDSS was repeated at study conclusion. Blood draw was
repeated at month 3 and month 6, and optional CSF was
repeated at month 3. Adherence to the study drug was
assessed at each visit through discussion with the participant
and pill counting for returned bottles.

Statistical analysis
Participant characteristics were summarized using the me-
dian and quartiles or frequencies and percentages. The pri-
mary outcome was the difference between the prestudy and
on-study annualized relapse rate (ARR). The prestudy ARR
was calculated by taking the number of relapses each par-
ticipant had experienced after the start of their current
reported NMO preventative treatment divided by the length
of time (in years) they had been receiving this treatment.
The on-study ARR was calculated as the number of relapses
during the study divided by the length of time in the study.
Change in the EDSS was a secondary clinical outcome.
Change in the ESS provided a tolerability outcome. Differ-
ences in the prestudy vs on-study ARR as well as baseline and
month 12 EDSS and ESS were compared using the exact
version of the Wilcoxon signed-rank test. Changes in
cytokines/chemokines and eosinophil markers were exam-
ined graphically, and the differences between visits 1 and 3
were compared using the exact version of the Wilcoxon
signed-rank test. All p values for examining changes in
cytokines/chemokines were adjusted using the step-down
Bonferroni method. Cytokines/chemokines with more than
30% of the values below detection limits were not examined.
These included IL-21, IL-3, IL-5, and eotaxin 3. All analyses
were completed using SAS software v9.4 (Cary, NC). The
open-label design, small sample size, and lack of control
group place all end points under Classification of Evidence
Class IV.

Results
Participant characteristics
Twenty-four potential participants were referred by treating
physicians at the Corinne Goldsmith Dickinson Center for
Multiple Sclerosis at Mount Sinai between April 2014 and
February 2015. Five participants declined to participate.
Three were not eligible because of recent relapse (1), possible
plan for pregnancy (1), and multiple medical comorbidities
(1). Therefore, sixteen participants were ultimately enrolled.
The last participant completed the study in February 2016.
Four participants enrolled in the CSF substudy. One partici-
pant withdrew before beginning the studymedication because
her family did not want her to participate.

Baseline demographics and disease characteristics are shown
in table. The median age was 36.5 years. Fifteen participants
were women. Nine were white and 7 were black. Three self-
identified as Hispanic/Latino. Thirteen historically had at
least 1 positive serum NMO IgG. Eight were being treated
with rituximab, 7 with mycophenolate, and 1 with
azathioprine.

Clinical outcome measures
Before the study, the patient cohort had experienced a total of
67 relapses. This included 9 events in 7 patients while on the
same disease-modifying therapy as at the start of the study.
Four patients had 5 relapses in the year before enrollment.
Three of these patients (accounting for 3 relapses) remained
on the same disease-modifying therapy on entrance to the
study. None of the participants changed NMO disease-
modifying therapy during the study period.

During the year-long study period, 1 rituximab-treated par-
ticipant reported symptoms concerning for a relapse. She
developed unilateral pain with eye movements and blurry
vision with difficulty distinguishing colors. Examination was
notable for a small central scotoma and partial upper field
defect as well as color desaturation in the affected eye, al-
though her visual acuity remained normal. Of note, she
reported poor adherence to cetirizine in the days leading up to
this relapse (3–4 days missed in the week before symptom
onset). Two additional participants reported symptoms that
led to evaluation for potential relapse. However, in both cases,
the treating physician quickly determined that these were
related to reemergence of old symptoms based on the history
and examination and confirmed with repeat imaging. These
events were also reviewed by the appropriate study inves-
tigators (I.K.S. and M.T.F.). Figure 1 illustrates these results.

The ARR before cetirizine while participants were treated with
the same disease-modifying therapy as at the start of the study
was 0.4 ± 0.80. With cetirizine as an add-on during the 1-year
follow-up period, the ARR was 0.1 ± 0.24. This difference
reached statistical significance, with a p value of 0.047. Of note,
during data analysis, it was noted that of the 9 events con-
tributing to the prestudy ARR, 3 of them occurred before the 6-
monthmark on the current disease-modifying therapy, the time
at which oral therapies are generally recognized to reach full
efficacy. If these 3 episodes are removed entirely, there are only
6 events contributing to the prestudy ARR in the year before
the start of the study rather than 9 resulting in the loss of
statistical significance of the precetirizine vs postcetirizine ARR.
Themean EDSSwas 3.9 ± 2.18 before the start of the study and
3.2 ± 2.31 at the conclusion of the study (p = 0.500).

Adverse effects and adherence
Although cetirizine is a second-generation antihistamine,
participants were monitored for drowsiness using the ESS as
described. The mean ESS was 6.5 ± 5.33 at baseline and 6.9 ±
4.50 at month 12 (p = 0.740). Figure 2 shows the ESS over
time. The mean ESS at each time point remained consistent
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throughout the study. There were no other adverse effects
reported that were determined to be related to the study drug.
Several patients reported improvement in seasonal/
environmental allergies.

The average compliance rate had a median of 92.5% (inter-
quartile range: 82.7, 100%). All but 2 participants had an
average compliance rate greater than 75%. One of these 2
participants reported that the compliance rate varied from
22% to 54% over the course of the study, and the other
withdrew from the study before starting the study medication.

Laboratory results
Laboratory parameters were highly variable without the es-
tablishment of clear patterns. There were no clearly measur-
able significant changes in the parameters tested. These are
demonstrated in figure e-1 (http://links.lww.com/
NXI/A23).

Discussion
Although the treatment of NMOSD with accepted standard
disease-modifying therapies such as mycophenolate and rit-
uximab certainly improves patient outcomes, breakthrough
disease activity does occur, necessitating continued research
regarding additional potential therapies. Current standard
treatments have focused on lymphocytes;however, gran-
ulocyte infiltration has been shown to play an important role
in NMO-related inflammatory destruction. In addition to its
antihistaminic functions, cetirizine is known to have
eosinophil-stabilizing properties. Cetirizine decreases eotaxin-
mediated endothelial transmigration18 and chemotaxis me-
diated by platelet-activating factor.19 It has been shown to
downregulate IL-8 from an epithelial cell line in vitro20 and
had significant effects on granulocyte infiltration in skin
chamber studies after oral administration in allergic patients.21

It inhibits IL-5–promoted eosinophil survival22 and the ad-
hesion of eosinophils to endothelial cells promoted by IL-1.23

Cetirizine also has a myriad of effects on other immune sys-
tem components, including inhibition of lymphocyte and
monocyte chemotaxis24 and various effects on neutrophils,
macrophages, and mast cells.25 For example, it has been noted
to downregulate the expression of ICAM-1, ICAM-3,
and lymphocyte function-associated antigen 1 on in-
flammatory cells in psoriatic skin lesions.26 It has also been
shown to reduce the number of tryptase-positive mast cells in
psoriatic patients.27 Tryptase has many effects including in-
ducing the proliferation of type 1 T helper lymphokines such
as IL-1b, IL-6, and TNFα.

Cetirizine’s safety has been demonstrated through numerous
studies and resulted in over-the-counter status in 2007. The
main concern regarding adverse effects in early studies was
that it might be sedating. However, previous studies did not
find increased drowsiness in atopic individuals or healthy
volunteers compared with placebo by either subjective or
objective measures.28 The previously described effects of
cetirizine in allergic diseases combined with the demonstrated
role of eosinophils in NMOpathology and potential benefit of
cetirizine suggested by NMO animal model work as well as
favorable safety profile provided the rationale for this pilot,
open-label, add-on trial of cetirizine for NMO.

The prespecified primary end point of reduction in the ARR
during the cetirizine study period was satisfied. Even when the
3 episodes that occurred close to the initiation of disease-
modifying therapy are removed and statistical significance is
lost, it remains interesting that over the course of 1 year of
follow-up of a cohort that included patients with recent
breakthrough disease, there was only a single relapse that was
quite mild in severity, in a participant who had been poorly
adherent to cetirizine.

Caution should be exercised in the interpretation of these
results. While a biological effect is plausible, study character-
istics such as open-label design and small sample size prohibit

Table Baseline participant characteristics

Overall
(N = 16)

Age at study enrollment (y): median [Q1, Q3] 36.5 [27.1,
51.0]

Age at symptom onset (y): median [Q1, Q3] 31.0 [22.5,
41.7]

Female 15 (93.8%)

Race

Black or African American 7 (43.8%)

White 9 (56.3%)

Hispanic or Latino 3 (18.8%)

Positive NMO antibody in the blood (serum) 13 (81.3%)

Type of NMO preventative treatment at enrollment

Rituximab 8 (50.0%)

Azathioprine 1 (6.3%)

Mycophenolate 7 (43.8%)

Duration of current treatment (mo): median [Q1, Q3] 18.3 [7.8,
40.1]

No. of previous preventative NMO treatment types

0 10 (62.5%)

1 5 (31.3%)

2 1 (6.3%)

Oral prednisone use at enrollment 1 (6.3%)

Total prestudy relapses: median [Q1, Q3] 3.0 [1.5, 5.0]

Total prestudy relapses while on current preventative
treatment: median [Q1, Q3]

0.0 [0.0, 1.0]

Annualized relapse rate: median [Q1, Q3] 0.0 [0.0, 0.7]

Abbreviation: NMO = neuromyelitis optica.
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definitive conclusions. NMO relapses tend to cluster; the
requirement for stability for at least 3 months before study
entry may have biased the group away from disease activity. As
with other prior pilot studies in NMOSD, simple regression to
the mean is another possible explanation.

As described, we hypothesized that cetirizine’s effects might
be mediated through measurable effects on cytokines related
to eosinophil activation and migration, given the importance
of eosinophils in NMO pathology and cetirizine’s

demonstrated effects on these pathways in atopic individuals
and those with psoriasis. We, therefore, measured serum
cytokines and cell adhesion expression markers before and
after treatment; however, no statistical differences were ob-
served. There are several potential explanations for this ob-
servation. First, approximately half of our participants were
also being treated with rituximab, which was given periodi-
cally along with high-dose steroids. The timing of blood draws
with respect to administration of these medications was not
prioritized because of scheduling limitations and likely had an

Figure 1 Relapses before and after cetirizine

Cetirizine was initiated at time zero.
Triangles denote each relapse event.
Gray-shaded region = current NMO
preventative treatment; blue-shaded
region = study period. NMO = neuro-
myelitis optica.

Figure 2 Epworth Sleepiness Scale recorded throughout the study

p = 0.740 from aWilcoxon signed-rank test
of the difference between baseline and
month 12.
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impact on the results. Next, these pathways have not been
previously investigated in patients with NMOSD. It is pos-
sible that cetirizine’s laboratory effects as described in the
allergy literature apply only to individuals with active allergic
diseases, or that in an NMOSD patient, we would only be
able to detect a measurable laboratory effect in a peri-relapse
period when eosinophils are in the process of being acti-
vated. If this is indeed the case, it is not surprising that we
were unable to detect differences in a small number of par-
ticipants sampled at very few time points, especially since the
study required the absence of relapse within 3 months of
study entry. Cetirizine given chronically may be able to
prevent the activation and chemotaxis of eosinophils and
other inflammatory cells, should the beginning of a relapse
cascade occur; however, a larger sample size with more
frequent specimen collection would be required to de-
termine this definitively.

In our patient population, cetirizine was well tolerated. In
particular, no increase in drowsiness was seen. Several par-
ticipants were pleased with improvement in seasonal
allergies.

As noted, by its nature, this pilot study is limited by its small
sample size and lack of a control group. Future research direc-
tions could include a larger, randomized controlled trial of
cetirizine vs placebo as an add-on to standard therapy given on
a maintenance basis as in this protocol and/or the incorporation
of a larger dose of cetirizine into a regimen to be used at the time
of relapse in addition to steroids or plasma exchange.
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