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Background: Allergic conjunctivitis (AC) is an ocular
inflammatory disease with symptoms driven by eosinophils and
mast cells. Allergic comorbidities are common. Current
treatments are often ineffective in severe AC and limited by
potential side effects. Lirentelimab is an anti–sialic acid–binding
immunoglobulin-like lectin-8 mAb that depletes eosinophils and
inhibits mast cells.
Objective: We sought to determine safety and preliminary
efficacy of lirentelimab in an open-label, phase 1b study.
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Methods: Patients with chronic, severely symptomatic atopic
keratoconjunctivitis, vernal keratoconjunctivitis, and perennial
AC, and who had history of topical or systemic corticosteroid
use, were enrolled to receive up to 6 monthly lirentelimab
infusions (dose 1: 0.3 mg/kg, dose 2: 1 mg/kg, subsequent doses:
1 or 3 mg/kg). Changes from baseline in peripheral blood
eosinophils, changes in patient-reported symptoms (measured
by daily Allergic Conjunctivitis Symptom Questionnaire,
including atopic comorbidities), changes in investigatorreported ocular signs and symptoms (Ocular Symptom Scores),
changes in quality of life, and changes in tear cytokine and
chemokine levels were assessed.
Results: Thirty patients were enrolled (atopic
keratoconjunctivitis n 5 13, vernal keratoconjunctivitis n 5 1,
perennial AC n 5 16), 87% of whom had atopic comorbidities.
After lirentelimab treatment, mean improvement was observed
in Allergic Conjunctivitis Symptom Questionnaire score
(261%; 95% CI, 275% to 248%) and Ocular Symptom Scores
(253%; 95% CI, 276% to 231%), consistent across atopic
keratoconjunctivitis, vernal keratoconjunctivitis, and perennial
AC groups. There was substantial improvement in atopic
comorbidities, with 255% (95% CI, 278% to 231%), 250%
(95% CI, 282% to 219%), and 263% (95% CI, 287% and
238%) reduction in symptoms of atopic dermatitis, asthma,
and rhinitis, respectively. Levels of key mediators of
inflammation were reduced in patient tears after lirentelimab
treatment. The most common adverse effects were mild to
moderate infusion-related reactions.
Conclusions: Lirentelimab was well tolerated, improved severe
AC and concomitant atopic symptoms, and reduced
inflammatory mediators in patient tears. (J Allergy Clin
Immunol 2022;nnn:nnn-nnn.)
Key words: AK002, sialic acid–binding immunoglobulin-like lectin8, perennial allergic conjunctivitis, atopic keratoconjunctivitis,
vernal keratoconjunctivitis, allergic conjunctival diseases, ocular
allergy

Allergic conjunctivitis (AC) is a chronic, ocular inflammatory disease driven by eosinophils and mast cells often
characterized by very severe itching, pain and burning in
both eyes, watering or mucous discharge, and redness and
swelling of the conjunctiva. Severe forms of AC include atopic
keratoconjunctivitis (AKC), vernal keratoconjunctivitis
(VKC), and perennial allergic conjunctivitis (PAC). In severe
cases, patients with AKC and VKC can also develop corneal
1
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Abbreviations used
AC: Allergic conjunctivitis
ACS: Allergic Conjunctivitis Symptom
AE: Adverse event
AKC: Atopic keratoconjunctivitis
IRR: Infusion-related reaction
NEI VFQ 25: National Eye Institute Visual Functioning Questionnaire-25
OSS: Ocular Symptom Scores
PAC: Perennial allergic conjunctivitis
PD: Pharmacodynamics
QOL: Quality of life
VKC: Vernal keratoconjunctivitis

damage and ulceration, which can lead to photophobia and
permanent vision loss.1,2
Ocular allergy is estimated to affect at least 20% of the
population, with some studies reporting rates up to 40%.3,4
Allergic comorbidities, such as atopic dermatitis, asthma, and
rhinitis, are strongly associated with AC, with 30% to 71% of patients with allergic rhinitis having concomitant AC.5-7 The disease burden is significant, with approximately 7.4 million
diagnosed with AC in the United States, and an estimated
120,000 patients receiving chronic ocular corticosteroids.4,8
There have been no curative treatments identified for AC, and
local corticosteroid use is common in antihistamine-refractory
patients.4,8 Ocular topical corticosteroid use is associated with
adverse effects such as cataracts and glaucoma, as well as
increased risk of irreversible vision loss with chronic, long-term
use. It has been reported that two-thirds of patients with AKC
eventually developed significant keratopathy and vision loss
when managed with combinations of oral antihistamine, topical
mast cell stabilizer, and intermittent topical corticosteroids.9,10
Physicians may resort to systemic corticosteroids for patients
with chronic and aggressive symptoms, but their use is associated
with adverse effects, especially with long-term use. There clearly
remains a substantial need for a targeted treatment that can be
safely used in a chronic setting for AC.
The disease mechanisms of AC involve an inflammatory
response, with participation of eosinophils and mast cells as key
effector cells.11 Mast cell activation plays a role in triggering an
early-phase type I hypersensitivity reaction and subsequent
recruitment of inflammatory cells.12 Severe symptoms and poor
outcomes are thought to result from mast cell– and eosinophildriven ocular surface inflammation.13,14
Sialic acid–binding immunoglobulin-like lectin-8 is an inhibitory receptor selectively expressed on mature eosinophils and
mast cells.15-17 Lirentelimab (AK002), an investigational medicine, is a first-in-class, humanized nonfucosylated IgG1 mAb
directed against sialic acid–binding immunoglobulin-like lectin8 that depletes eosinophils in blood and tissues and broadly inhibits mast cell activation.16-19 Lirentelimab has been evaluated
in a phase 2, randomized, double-blind, placebo-controlled trial
in patients with eosinophilic gastritis and eosinophilic duodenitis,20 as well as several open-label clinical studies in chronic urticaria (ClinicalTrials.gov NCT03436797) and indolent systemic
mastocytosis (ClinicalTrials.govNCT02808793).
Herein, we report the results of a phase 1b, open-label study to
investigate the safety, tolerability, preliminary efficacy, and
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pharmacodynamics (PD) of up to 6 monthly doses of lirentelimab
in patients with severe and chronic AC.

METHODS
Trial design and oversight
The index study was a phase 1b, multidose, dose escalation clinical trial to
evaluate the safety and tolerability of lirentelimab in patients with AKC, VKC,
and PAC from centers in the United States (clinicaltrials.gov: NCT03379311).
The study was conducted in accordance with the Declaration of Helsinki, all
applicable laws and regulations, and Good Clinical Practice Guidelines.
Institutional review board approval was obtained. All patients gave written
informed consent before entry. The trial was designed by Allakos (the
commercial sponsor) in collaboration with investigators, the investigators
collected the data, and the commercial sponsor analyzed the data. The
academic authors had access to all data. The first draft of the manuscript was
prepared by a medical writer, with direction and content driven by the first and
senior authors. The manuscript was reviewed and approved by all the authors.
The authors vouch for the completeness and accuracy of the data and for the
fidelity of the trial to the protocol.

Patients
Eligible patients were adults aged 18 to 80 years with diagnosed AKC,
VKC, or PAC (as classically described21; Table I) and an average total Allergic
_14
Conjunctivitis Symptom (ACS) Questionnaire score of 15 or more (from >
daily questionnaires during 4-week screening). The ACS Questionnaire assessed daily severity of itching, light sensitivity, eye pain, foreign body sensation, and watering on a 0 to 10 scale (0 5 no symptom, 10 5 most severe) for
each symptom (total maximum score 5 50). Patients had to have a medical
history of topical or systemic corticosteroid use for the treatment of AC. Patients were excluded if they had known hypersensitivity to study drug or constituents, were pregnant or breast-feeding, had abnormal lab values or
clinically significant conditions, had a history of malignancy, or use during
the 30 days before day 1 of topical decongestants, topical vasoconstrictors,
topical calcineurin inhibitors, topical corticosteroids (except for atopic comorbidities), omalizumab, dupilumab, systemic immunosuppressive drugs, or
more than 10 mg/d prednisone or equivalent.

Study procedures
Patients received up to 6 monthly intravenous infusions of lirentelimab (0.3
mg/kg for the first infusion, 1 mg/kg for the second infusion, and 1 mg/kg or 3
mg/kg for the subsequent 4 infusions; infusions were given over ;5 hours for
the first infusion and 2-4 hours for subsequent infusions). Intrapatient dose escalations up to 3 mg/kg of lirentelimab were allowed after the second infusion
if the patient did not experience adequate symptom improvement per judgment of the investigator/medical monitor. Acetaminophen, antihistamines,
and, if needed, a glucocorticoid (eg, 125 mg methylprednisolone intravenous)
were allowed if the patient experienced infusion-related reactions (IRRs).
Both systemic and topical steroids were prohibited for the treatment of
AKC, VKC, and PAC. Ocular corticosteroids, eye drops with antiredness, decongestants, or vasoconstrictors were prohibited for the duration of the study.
Antihistamines or mast cell stabilizers were allowed.
Expected total study duration was approximately 48 weeks (11 months),
with study day 1 being the day of the first infusion. After the treatment period
(up to 24 weeks), follow-up assessments continued every 4 weeks over 20
weeks after the final lirentelimab dose.

End points
The primary study objective was the safety and tolerability assessment of
lirentelimab. Secondary and exploratory end points are summarized in Table
E1 in this article’s Online Repository at www.jacionline.org and included PD
evaluation of changes in baseline in peripheral blood counts of eosinophils,
preliminary efficacy evaluation of changes in symptoms associated with
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TABLE I. Patient characteristics at baseline*y
Characteristic

Age (y), median (range)
Sex: female, n (%)
Race or ethnic group, n (%)
White
Asian
Weight (kg), median (range)
Body mass index, median (range)
Age of AC onset (y), median (range)
Duration with AC (y), median (range)
Atopic comorbidity diagnosis, n (%)
>
_1 comorbidity
>
_2 comorbidities
Atopic dermatitis
Asthma
Rhinitis
Blood absolute eosinophil count/mm3
Total ACS Questionnaire score*
Total OSS*

AKC (n 5 13)

VKC (n 5 1)

PAC (n 5 16)

Total (n 5 30)

50 (23-72)
5 (38)

25
0

55 (29-79)
10 (63)

52 (23-79)
15 (50)

11 (85)
2 (15)
81 (50-107)
26 (20-43)
36 (7-72)
6 (<1-38)

1
0
68
21
12
13

16 (100)
0
82 (52-108)
29 (19-40)
46 (19-69)
4 (<1-19)

28 (93)
2 (7)
80 (50-108)
27 (19-43)
43 (7-72)
6 (<1-38)

11 (85)
10 (77)
11 (85)
7 (54)
7 (54)
234 6 341
25 6 7
762

1
1
0
1
1
520
26
7

14 (88)
7 (44)
7 (44)
4 (25)
12 (75)
122 6 114
20 6 8
563

26 (87)
18 (60)
18 (60)
12 (40)
20 (67)
186 6 252
23 6 8
663

*Plus-minus values are mean 6 SD.
Diagnosis was made before entering this study as indicated in patient’s medical history. Diagnosis of AKC was determined by the observation of characteristic severe AC with
corneal involvement (including signs of significant conjunctival thickening and hyperemia along with current or previously seen corneal changes including perilimbal infiltrate,
epitheliopathy, corneal neovascularization, and stromal scarring), along with the presence or history of typically persistent eczematous dermatitis as well as other possible
associated allergic disease including asthma, hay fever, and/or eosinophilia and family history of atopy. VKC was diagnosed using many of the same ocular clinical features of
AKC, with additional classic findings of large pedunculated papillae and thick ropy mucous discharge, and typical diagnosis includes presentation at a much earlier age, with
disease often being seasonally active, particularly in warmer climates and months.

AKC, VKC, or PAC as measured daily by the electronic patient ACS Questionnaire, changes in signs and symptoms via the Ocular Symptom Scores
(OSS) tool as assessed by the investigator (see Table E2 in this article’s Online
Repository at www.jacionline.org), and changes in quality of life (QOL) as
measured by the National Eye Institute Visual Functioning Questionnaire25 (NEI VFQ 25). Ophthalmic examinations were performed in accordance
with standard of care. Slit lamp color photography, including punctate corneal
staining, was an optional assessment performed only at select sites electing to
participate.
Blood samples for complete blood cell and peripheral blood cell counts
were obtained on days 21, 1, 8, 15, 28, 29, 36, 44, 56, 57, 84, 85, 112, 113,
140, 141, 169, 197, 225, 253, 281, and 309. On infusion days, samples were
collected after lirentelimab dosing.
Patients completed the ACS Questionnaire daily during screening and
treatment periods and weekly until day 309 (or end of study) during the followup period. On the ACS Questionnaire, patients evaluated severity of symptoms
of itching, light sensitivity, eye pain, feeling of foreign body in eye, and
watering eyes on a scale from 0 to 10 for each symptom, with 0 being no
symptom and 10 being the worst possible experience of the symptom during
that time. If the patient had a history of atopic dermatitis, allergic asthma, or
allergic rhinitis, the patient also rated disease severity of each comorbidity on a
0 to 10 scale for each comorbidity. The comorbidity score was completed daily
during the treatment period, weekly during follow-up, and was part of the
electronic ACS Questionnaire. The comorbidity score was based on a general
disease severity self-assessment and not based on a visual analog scale.
Investigators assessed signs and symptoms using the OSS tool at baseline,
day 15, before each monthly infusion, and monthly during the follow-up
period. The OSS assessment graded severity of itching (0-4 scale), redness (03 scale), tearing (0-3 scale), and chemosis (0-3).
_90% reduction from
Response rates were defined as complete response (>
_50% to <90% reduction),
baseline in the total score), partial response (>
_30 to <50% reduction), and nonresponse (<30%
minimal response (>
reduction) for ACS and OSS assessments. Patients with greater than or equal
to 30% reduction in total score were defined as responders. Change from
baseline end points was assessed at weeks 21 to 22 (2 weeks after the final
dose) and day 140 for the ACS Questionnaire and the OSS tool, respectively.

The self-administered patient QOL measurement (NEI VFQ 25)22 included
assessment of the following subdomains: general health, general vision, ocular
pain, near activities, distance activities, vision specific, social functioning,
mental health, role difficulties, dependency, driving, color vision, and peripheral vision. Both the patient-administered NEI VFQ 25 and the investigatorassessed ocular signs and symptoms (OSS) were conducted on days 21, 15,
28, 44, and 56 and every 28 days until day 309 or end of study.

Tear collection and cytokine analysis
The collection of tear fluid samples was optional and was performed on 7
patients at baseline, day 84, day 169, and day 309. Basal tear fluid samples
were collected with uncoated 10-mL and 40-mL glass capillaries from the
lateral part of the lower conjunctival fornix without stimulation. Tear fluid
was expelled from the capillaries into prefrozen (or precooled) Eppendorf
microcentrifuge tubes and stored at 2808C. Tear cytokines and chemokines
were thawed and measured using a multiplex magnetic bead assay according
to the manufacturer’s instructions (Luminex, Millipore, Burlington, Mass).
Concentration of the following mediators was determined using a custom
kit: CCL24, CCL11, CCL5, IL-10, CCL26, PDGF, IL-13, IL-17A, IL-33,
CXCL9, IL-4, IL-23, IL-6, IL-8, IP-10, CCL2, CCL3, CCL4, and CCL17.
For the analysis of cytokine/chemokine concentrations in patient tears, a
value of ‘‘0’’ was assigned if the concentration was below the limit of detection of the assay kit. The concentration of the analyte in patient tears was
calculated by factoring in the dilution factor needed to reach the total assay
volume of 50 mL.

Safety
Safety and tolerability were assessed throughout the study by monitoring
adverse events (AEs) in accordance with the International Conference on
Harmonisation Good Clinical Practice guidelines from the time of first study
drug infusion and ending at day 309 or the end of trial visit. Additional safety
end points included physical examination, vital signs, complete blood cell
counts with differential, blood chemistries, urinalysis, and antidrug antibody
testing.
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Statistical analysis
All patients who received at least 1 dose of the study drug were included in
the primary safety and tolerability analysis. All patients with at least 1 dose of
the study drug and at least 1 postbaseline assessment of PD or efficacy were
included in the PD/efficacy subset. Descriptive statistics and shift tables were
used unless otherwise indicated, including demographic and baseline values,
safety end points, and PD/efficacy data. Sample size was determined by
common practice in early-phase, proof-of-concept studies.
ACS Questionnaire daily symptom and total scores were averaged to derive
the weekly mean symptom and total scores for each patient. When the daily
scores were missing for the entire week during the treatment period,
imputation was made for missing data whereby the missing weekly scores
were imputed using the last observation carried forward method.

RESULTS
Demographic and patient characteristics
Thirty patients were enrolled (n 5 33 patients screened) into 3
cohorts according to their diagnosis of AKC (n 5 13), VKC (n 5
1), or PAC (n 5 16), all of whom received at least 1 dose of the
study drug, and 29 of whom were evaluable for PD and efficacy
end points; 1 patient with PAC was excluded because of lack of
any postbaseline PD or efficacy assessment. Baseline demographic and patient characteristics are presented in Table I. The
median age of the patients was 52 years (range, 23-79 years)
with median body mass index of 27 kg/m2 (range, 19-43 kg/
m2), and the population was evenly split between males and females. The median age of onset of AC was 43 years (range, 772 years), and patients had a median 6 years (range, 0-38 years)
of history of an AC diagnosis. There was a high proportion of patients with atopic comorbidities, with 87% having a history of at
least 1 comorbidity (atopic dermatitis, asthma, or rhinitis) and
60% had at least 2 comorbidities. Differences between subgroups
included a higher proportion of patients with AKC with comorbid
atopic dermatitis and asthma, whereas more patients in the PAC
group had allergic rhinitis. Furthermore, the baseline blood eosinophil level was higher among patients with AKC.
Drug exposure, safety, and tolerability
The study period was from February 2018 to August 2019. In
all patients who received at least 1 dose of lirentelimab, the mean
duration of exposure was 133 6 28 days. All 30 patients received
a first dose of 0.3 mg/kg lirentelimab. Ninety percent of patients
(27 of 30) received all 6 monthly doses of lirentelimab during the
treatment period. Five patients (2 with AKC and 3 with PAC)
discontinued, 2 because of withdrawal of consent (1 elected to
discontinue participation, 1 chose to initiate a drug prohibited by
the protocol), 1 because of physician decision (for best interest of
patient due to cardiac history), and 2 because of sponsor decision
(both for noncompliance). Patient flow is summarized in Fig E1 in
this article’s Online Repository at www.jacionline.org.
The most common AEs were mild to moderate IRRs, which
consisted of flushing, feeling of warmth, headache, nausea, or
dizziness (Table II). The only treatment-related AEs were IRRs,
which occurred mainly as a result of the first infusion. The IRR
rate on first infusion was 16.7%, which declined to 0.7% on subsequent infusions. There was no drug-related serious AE and no
deaths or study withdrawals due to AEs. There was 1 treatmentemergent serious AE, a patient with AKC with a worsening of
osteoarthritis that was assessed as moderate in severity, and the
event was not deemed related to lirentelimab. Two patients
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developed lirentelimab antidrug antibodies; the presence of antidrug antibodies had no effect on safety or efficacy. Transient lymphopenia was detected in 23 patients (77%); none had any clinical
consequence.

Efficacy
Improvement in patient-reported ocular symptoms (total ACS
Questionnaire score) was observed at posttreatment time points
(Fig 1, A). Improvement in ACS Questionnaire score was maintained during follow-up time points until approximately week
40 (20 weeks after the final dose). At weeks 21 to 22, corresponding to the 2-week period following the final lirentelimab dose,
mean change from baseline was 261% (95% CI, 275% to
248%; n 5 29; Fig 1, B; see Table E3 in this article’s Online Repository at www.jacionline.org). This improvement in AC symptoms was consistent across all 3 forms of AC, with 263% (95%
CI, 283% to 242%), 287%, and 259% (95% CI, 280% to
237%) change in total ACS Questionnaire scores relative to baseline for patients diagnosed with AKC, VKC, and PAC , respectively (Fig 1, B, and Table E3). Furthermore, ACS
Questionnaire scores of individual symptoms decreased from
baseline across all measured symptoms (Fig 1, C; see Table E4
and Fig E2 in this article’s Online Repository at www.
jacionline.org) at weeks 21 to 22. The responder analysis based
on week 21 to 22 ACS Questionnaire scores demonstrated that
79% of patients were responders, including complete response
in 28% of patients. Sixty-nine percent of patients reported at least
a 50% improvement in total ACS Questionnaire scores (see Table
E5 in this article’s Online Repository at www.jacionline.org).
Investigator-assessed ocular signs and symptoms (total OSS)
were improved at posttreatment time points (Fig 2, A). Improvement in OSS was maintained during follow-up time points until
approximately week 32 (12 weeks after the final dose). At the final
dose time point (day 140), there was a 253% (95% CI, 276% to
231%) mean change in total OSS compared with baseline (Fig 2,
B; see Table E6 in this article’s Online Repository at www.
jacionline.org). Improvements in total OSS were also consistent
for each individual sign and symptom measured (Fig 2, C; see
Table E7 and Fig E3 in this article’s Online Repository at www.
jacionline.org). Responder analysis based on total OSS demonstrated response in 83% of patients, including 17% as complete
responders and 55% as partial responders (see Table E8 in this article’s Online Repository at www.jacionline.org). Conjunctival
abnormalities on day 140 assessed by slit lamp color photography
revealed reduced incidence of conjunctival discharge and chemosis compared with baseline (see Table E9 in this article’s Online
Repository at www.jacionline.org).
Patients with preexisting atopic comorbidities (comorbid
atopic dermatitis n 5 11, asthma n 5 9, and rhinitis n 5 11)
were evaluated for changes in daily symptom severity of their
concomitant atopic condition as part of the ACS Questionnaire.
Patient-reported symptom scores for atopic dermatitis, allergic
asthma, and allergic rhinitis reflected a decrease in perceived
severity at all postbaseline treatment time points (Fig 3, A). At
weeks 21 to 22, there was a mean 255% (95% CI, 278% to
231%), 250% (95% CI, 282% to 219%), and 263% (95%
CI, 287% to 238%) change compared with baseline symptom
severity of atopic dermatitis, allergic asthma, and allergic rhinitis,
respectively (Fig 3, B; see Table E10 in this article’s Online Repository at www.jacionline.org).
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TABLE II. Treatment-emergent AEs (safety population)
Adverse event, no. of patients (%)

Any serious event
_5% of patients
Any event that occurred in >
IRR
Blood creatinine phosphokinase increased
Hypersensitivityà
Sinusitis
Urinary tract infection

AKC (n 5 13)

VKC (n 5 1)

PAC (n 5 16)

Overall (n 5 30)

1 (8)*

0

0

1 (3)

2 (15)
2 (15)
2 (15)
1 (8)
0

1
0
0
0
0

2 (13)
1 (6)
0
1 (6)
2 (13)

5 (17)
3 (10)
2 (7)
2 (7)
2 (7)

*The serious adverse event that occurred in the AKC group was worsening of osteoarthritis and was not deemed related to lirentelimab.
IRRs included flushing, a feeling of warmth, headache, nausea, or dizziness. IRRs predominantly occurred on the first infusion.
àHypersensitivity, worsening of underlying allergic rhinitis and asthma.

FIG 1. ACS Questionnaire score. A, Mean percent change in total ACS Questionnaire score 6 95% CI over
time. B, Mean total ACS Questionnaire score 6 95% CI at baseline and weeks 21 to 22 for all patients (n 5 29)
and patients with AKC (n 5 13), VKC (n 5 1), and PAC (n 5 15). C, Mean percent change from baseline to
weeks 21 to 22 6 95% CI in ACS Questionnaire score by individual symptoms.

QOL as measured by the NEI VFQ 25 demonstrated that at day
140, patients reported improved or stable QOL subdomains
compared with baseline values (see Fig E4 in this article’s Online

Repository at www.jacionline.org). Visual depictions of 2 representative cases (patients with AKC) demonstrated that before
treatment, some subjects had giant tarsal papillae at baseline
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FIG 2. Investigator-assessed OSS. Score criterion is listed in Table E2. A, Mean percent change in total
OSS 6 95% CI over time. B, Mean total OSS 6 95% CI at baseline and day 140 for all patients (n 5 29)
and patients with AKC (n 5 13), VKC (n 5 1), and PAC (n 5 15). C, Mean percent change from baseline to
day 140 6 95% CI in OSS by individual symptoms. Chemosis was evaluated via slit lamp examination.

and it resolved after lirentelimab treatment (see Figs E5 and E6 in
this article’s Online Repository at www.jacionline.org). Changes
in signs and symptom scores of individuals representative of patients with severe AKC with at least 2 atopic comorbidities
demonstrated that lirentelimab treatment resulted in improvement
in AKC, and reduced perceived severity of atopic dermatitis,
allergic rhinitis, and allergic asthma signs and symptoms (see
Figs E5-E7 in this article’s Online Repository at www.
jacionline.org).

PD evaluation
Eosinophil counts in peripheral blood decreased from baseline
at all posttreatment time points, including 1 week after the first
dose of lirentelimab (see Fig E8 in this article’s Online Repository
at www.jacionline.org). Eosinophil depletion was maintained
during follow-up time points until week 40.

Measurement of tear cytokines and chemokines
Cytokines and chemokines associated with ocular inflammation were quantitatively assessed in 7 patients (n 5 2 with AKC;
n 5 5 with PAC) by measuring the concentration in patient tears at
baseline, day 84, day 169, and day 309 (24 weeks after the final
dose). Decreased levels of key type-1 (CCL3, CCL5), type-2
(IL-4, IL-10, IL-13, CCL11, CCL26), and type-17 (IL-17A, IL23) cytokines and chemokines were observed at posttreatment
time points compared with baseline levels (Fig 4). Many of the
mediators returned to baseline levels at day 309, suggesting that
the observed decrease in cytokines and chemokines was treatment
dependent.
DISCUSSION
In this trial, up to 6 monthly infusions of lirentelimab were well
tolerated and demonstrated clinical activity in relieving the signs

ANESI ET AL 7

J ALLERGY CLIN IMMUNOL
VOLUME nnn, NUMBER nn

FIG 3. Symptom scores of atopic comorbidities. A, Mean percent change in atopic comorbidity symptom
scores 6 95% CI over time for patients with comorbid atopic dermatitis (n 5 11), asthma (n 5 9), and rhinitis
(n 5 11). B, Mean atopic comorbidity symptom score 6 95% CI at baseline and week 21 to 22 for patients
with comorbid atopic dermatitis (n 5 11), asthma (n 5 9), and rhinitis (n 5 11).

and symptoms of AKC, VKC, and PAC disease. Both patient- and
investigator-assessed symptoms and clinical signs (ACS Questionnaire and OSS tool) demonstrated improvements across all
measured domains, with similar effect to mean ACS Questionnaire, OSS, and QOL across the 3 types of conjunctivitis. In
addition, across the treatment period, lirentelimab reduced nonocular symptoms of concomitant atopic dermatitis, asthma, and
rhinitis, suggesting that lirentelimab may also have clinical
activity in these allergic comorbidities. Furthermore, clinical
activity of lirentelimab is also evidenced by the return of ocular
and concomitant atopic disease severity to baseline levels in the
6-month off-treatment follow-up period. Consistent with the
improvements in ocular signs and symptoms, lirentelimab
reduced levels of inflammation associated with cytokines and
chemokines in patient tears. Lirentelimab treatment was well
tolerated; the only treatment-related AEs reported were IRRs,
which were transient and almost exclusively occurred on first
infusion. IRRs have been reported in studies of other infused
mAbs that deplete cells through a mechanism involving antibodydependent cellular cytotoxicity.23,24
Notably, our study also assessed inflammation associated with
tear cytokines and chemokines at multiple time points in a subset
of patients with AKC and PAC. Consistent with active disease, all
patients evaluated at baseline had detectable levels of inflammatory mediators in their tears, such as IL-4, IL-13, IL-17A, IL-23,
CCL5, and CCL11. Many studies have shown upregulation of
these mediators in tears of patients with AC.25,26 In addition to IL4 and IL-13, treatment with lirentelimab reduced levels of

cytokines associated with type-1 and type-17 inflammation,
possibly due to suppression of eosinophil and mast cell activity.27,28 Although limited in sample size, these data provide additional mechanistic insight into the pathogenesis of AC and
suggest that lirentelimab may be effective in reducing local ocular
inflammation.
There is a substantial unmet need for a targeted and steroidsparing therapy for the treatment of AC, particularly in patients
who experience chronic and severe symptoms. There have been
no curative treatments identified for severe AC, and symptomatic treatments are often associated with significant side
effects.29 Current frontline options are limited to topical decongestants, oral antihistamines, and antiallergic eye drops (mast
cell stabilizers), which can cause rebound hyperemia, mydriasis,
and conjunctivitis medicamentosa when used long-term.29,30
Progression to corticosteroid use when symptoms persist or
worsen is common, but two-thirds of patients with AKC
managed with this regimen eventually develop significant keratopathy and vision loss. Topical ophthalmic and nasal corticosteroid use for more than a few weeks also has potential to induce
elevated intraocular pressure, glaucoma, cataracts, and corneal
infections.31 Despite the scarcity of treatment options and
high prevalence of disease,32 there have been no innovations
in therapy to relieve the burden of the disease. Our study is
the first ever clinical trial conducted of a biologic targeting
AC, and we demonstrated preliminary efficacy in reducing the
symptoms of patients with moderate to severe AKC, VKC,
and PAC.
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FIG 4. Concentration of tear cytokines and chemokines. A-I, Mean concentration (pg/mL) 6 SEM at baseline
(AKC n 5 2; PAC n 5 5), day 84 (AKC n 5 2; PAC n 5 5), day 169 (AKC n 5 2; PAC n 5 4), and day 309, 24 weeks
after the final dose (AKC n 5 1; PAC n 5 4).

Lirentelimab has been studied in multiple disease areas and
has now shown clinical activity in eosinophilic gastritis and/or
eosinophilic duodenitis, indolent systemic mastocytosis, multiple forms of chronic urticaria, and 3 forms of AC. With the
exception of the eosinophilic gastritis and/or eosinophilic
duodenitis study, all these studies were open-labeled, and
randomized, double-masked, placebo-controlled studies are
required to further demonstrate any potential effect. Because
the index trial was a small, open-label study, substantial
inherent limitations apply. Although patients were diagnosed
by an ophthalmologist using classic diagnostic criteria for
these diseases, confirmatory serologic testing and skin testing
were not required for study entry. However, the lack of
treatment-related AEs beyond IRRs combined with the clinical
activity observed in treating multiple allergic conditions and
the return of signs and symptoms off treatment make
lirentelimab a potentially promising candidate for severe AC
and multiple eosinophil- and mast cell–driven inflammatory
diseases.

Allakos was the sponsor and funder of the study. We thank the patients who
participated in the trial; Robert P. Schleimer, PhD, and Bruce S. Bochner, MD,
for reviewing and editing the manuscript for scientific content; University of
Texas Health Sciences Center for analyzing the tear cytokine data, contracted
by Allakos; Cory Mekelburg, BS, an employee of Allakos at the time the work
was conducted, for data analytical assistance; staff members of Etera Solutions for statistical assistance, funded by Allakos; and Jocelyn Hybiske,
PhD, a professional medical writer funded by Allakos, for preparing and editing the manuscript draft on the basis of direction from the named authors.

Clinical implications: Lirentelimab treatment has potential to
elicit a broad clinical response in patients with allergic conditions such as severe AC as well as atopic dermatitis, asthma,
and rhinitis.
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