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ABSTRACT

Introduction: Noninfectious keratitis is a painful
corneal inflammation treated with topical
cyclosporine and other immunosuppressants.
Additional treatment options are needed for ker-
atitis that does not improve with standard thera-
pies. Repository corticotropin injection (RCI;
Acthar�Gel) is approved to treat severe acute and
chronic allergic and inflammatory processes
involving the eye and its adnexa, including ker-
atitis. This phase 4, multicenter, open-label study
assessed the efficacy and safety of RCI for refrac-
tory severe noninfectious keratitis.
Methods: Patients were C 18 years old with per-
sistent severe keratitis despite treatment with
topical immunosuppressants. Patients received
80 U of RCI subcutaneously twice weekly for

12 weeks followed by a 4-week taper. Assessments
included all domains of the Impact of Dry Eye on
Everyday Life (IDEEL) Questionnaire, Ocular Dis-
comfort and 4-Symptom Questionnaire, and
Visual Analog Scale (VAS). Corneal fluorescein
and conjunctival lissamine green staining, Con-
junctival Redness Scale, tear production (Schir-
mer’s test), visual acuity, slit lamp examination,
and intraocular pressurewere also assessed. Safety
was evaluated via treatment-emergent adverse
events. Analyses were performed using the mod-
ified intent-to-treat (mITT) population (patients
who received C 1 dose of RCI and contributed
any post-baseline efficacy data).
Results: In the mITT population (N = 35),
50.0% (95% confidence interval, 33.2% to
66.8%) of patients experienced clinically
important improvements in the symptom bother
domain of the IDEEL Questionnaire at week 12
of RCI therapy. All domains of the IDEEL and
the Ocular Discomfort and 4-Symptom Ques-
tionnaire showed improvements at week 12 of
RCI treatment. The most pronounced
improvements in the VAS at week 12 were for
eye dryness and eye discomfort. Corneal staining,
conjunctival staining, conjunctival redness, and
tear production showed early improvements
that were sustained through week 12. No new
safety signals for RCI were identified.
Conclusions: RCI is safe and effective for
refractory severe noninfectious keratitis that has
not improved with other approved therapies.
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Key Summary Points

Why carry out this study?

Noninfectious keratitis is a painful
inflammation of the cornea that is
associated with considerable morbidity
and severe complications, including loss
of vision.

Keratitis can be treated with topical
lubricants, cyclosporine, lifitegrast,
corticosteroids, and immunosuppressants;
however, alternative treatments are
needed for patients in whom these
treatments are not effective.

We conducted a phase 4, multicenter,
open-label study to assess the efficacy and
safety of repository corticotropin injection
(RCI; Acthar� Gel) in patients with
refractory severe noninfectious keratitis
that had not improved after treatment
with standard therapies.

What was learned from this study?

After 12 weeks of treatment with RCI, 50.0%
of patients experienced clinically important
improvements in the symptombotherdomain
of the Impact of Dry Eye on Everyday Life
(IDEEL) Questionnaire; improvements were
also observed in the following assessments:
IDEEL Questionnaire, Ocular Discomfort
and 4-SymptomQuestionnaire, Visual
Analog Scale, corneal fluorescein staining,
conjunctival lissamine green staining,
Conjunctival Redness Scale, and tear
production (Schirmer’s test). Adverse events
(AEs) were mild, with blurry vision and
double vision being the only ocular AEs
reported.

Results of this study showed RCI to be a
safe and effective treatment for refractory
severe noninfectious keratitis.

INTRODUCTION

Keratitis is an inflammation of the cornea that
can have infectious or noninfectious causes
[1–3]. Noninfectious keratitis can result from
dry eye or local injury, such as prolonged use of
contact lenses, or it can be an ocular manifes-
tation of systemic autoimmune disorders
including rheumatoid arthritis (RA) and sys-
temic lupus erythematosus (SLE) [1–3]. Fluctu-
ating vision, foreign body sensation, irritation,
pain, photophobia, and redness in the affected
eye(s) are common symptoms of noninfectious
keratitis [1, 4]. Repeated episodes and long-
lasting, persistently active keratitis can lead to
serious complications such as permanent cor-
neal damage and loss of vision [4]. Additionally,
the following complications may develop in
patients with severe keratitis and concomitant
systemic inflammatory conditions: corneal
neovascularization, scarring, or thinning; kera-
tinization of the ocular surface; sterile or
microbial ulceration of the cornea with possible
perforation; and severe loss of vision [5].

Treatment of noninfectious keratitis is typi-
cally focused on symptomatic relief and pre-
vention of corneal damage. Standards of care for
noninfectious keratitis include topical lubri-
cants and immunosuppressants, such as
cyclosporine, as well as lifitegrast and topical or
systemic corticosteroids. Systemic immunosup-
pressants may be required in more severe or
refractory cases or in patients with an underly-
ing autoimmune condition. However, some
patients have noninfectious keratitis that does
not improve after treatment with conventional
therapies. With prolonged use, corticosteroids
and immunosuppressants have unfavorable
safety profiles [6]. Further, there are few treat-
ment options for patients with persistent ker-
atitis that is difficult to treat. Therefore,
alternative treatments may be appropriate for
these patients.

Repository corticotropin injection (RCI;
Acthar� Gel) is a naturally sourced complex
mixture of adrenocorticotropic hormone
(ACTH) analogs and other pituitary peptides [7].
The RCI manufacturing process converts the
initial porcine pituitary extract with low ACTH
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content into a mixture with modified porcine
ACTH and other related peptide analogs solu-
bilized in gelatin [7]. A major component in the
formulated complex mixture is N-25 deami-
dated porcine ACTH(1–39) [7]. RCI engages all
five melanocortin receptors (MCRs) and has
demonstrated direct immunomodulatory and
indirect anti-inflammatory effects [8–13]. MCRs
are expressed on immune cells and other tissues
in the central nervous system and the eye
[14–17].

RCI is approved by the US Food and Drug
Administration for the treatment of severe acute
and chronic allergic and inflammatory pro-
cesses involving the eye and its adnexa,
including keratitis [7]. RCI has also been found
effective for the treatment of persistently active
systemic inflammatory disorders that have not
responded to corticosteroids and other stan-
dard-of-care therapies [18–21].

A recent consensus panel recommended RCI
for the treatment of keratitis in patients with
underlying inflammatory disorders but
acknowledged that additional research is nee-
ded to assess the effectiveness of RCI for this
purpose [22]. The objective of this study was to
evaluate the efficacy and safety of RCI for the
treatment of refractory severe noninfectious
keratitis that had not adequately responded to
treatment with standard-of-care therapies.

METHODS

Ethics and Compliance

The study protocol was reviewed and approved
by the Alpha Institutional Review Board (San
Clemente, CA, USA). The study was conducted
in agreement with the Declaration of Helsinki
and with requirements for registered clinical
trials (ClinicalTrials.gov identifier
NCT04169061). Patients provided written
informed consent prior to participation.

Study Design

This phase 4, multicenter, open-label study was
conducted across 8 study sites in the United

States (supplemental Table S1). Investigators
enrolled adults who had previously been diag-
nosed with keratitis sicca that was determined
not to have an infectious cause such as bacteria
or viruses. Patients had severe noninfectious
keratitis that did not improve after treatment
with topical cyclosporine or lifitegrast or could
not tolerate such therapies.

Patients were eligible for participation if they
met all enrollment criteria (Table 1) at the
screening and baseline visits. The following
treatments were prohibited during the study
period: topical, inhaled, intra-articular, intra-
ocular, or systemic corticosteroids; systemic
immunosuppressants; systemic immunomodu-
lators; and systemic biologic agents for a con-
comitant condition. Lid hygiene treatments,
warm compresses, and artificial tears were per-
mitted provided the patient had been on a
stable dose for C 4 weeks prior to screening.
Patients were instructed not to use ophthalmic
preparations within 2 h prior to each study visit.

Study Procedures and Data Collection

Patients or their caregivers administered 80 U of
RCI subcutaneously twice weekly for 12 weeks
followed by a tapering period of 4 weeks during
which RCI was reduced to 40 U twice weekly for
2 weeks, then to 40 U once weekly for 2 weeks.
Study drug records were used to monitor treat-
ment compliance, and records and empty drug
vials were assessed at each visit.

The following efficacy assessments were
conducted via clinician evaluation or patient
self-reports (Fig. 1). The Impact of Dry Eye on
Everyday Life (IDEEL) Questionnaire [23] was
assessed at baseline and weeks 2, 4, 6, and 12.
The IDEEL Questionnaire consists of 6 domains:
impact on daily activities, emotional impact, impact
on work, satisfaction with treatment effectiveness,
treatment-related bother, and symptom bother.
Each domain scored patients’ self-reported
experiences in the 2 weeks prior on a scale from
0 to 100. Higher scores indicated better quality
of life or treatment satisfaction in each respec-
tive domain except symptom bother, in which
higher scores indicated more bothersome
symptoms. The Ora CalibraTM Ocular
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Table 1 Enrollment criteria

Key inclusion criteria

1. Be age C 18 years at the screening visit

2. Have normal lid anatomy

3. Have a reported history of severe keratitis in one or both eyes and a history of previous treatment for keratitis within

the previous 6 months

4. Did not have symptomatic improvement or did not tolerate previous treatment with topical cyclosporine or lifitegrast

5. Have all the following in at least one eye (the same eye) at screening and baseline:

(a) Inferior corneal fluorescein staining score C 2 in any field

(b) Corneal sum fluorescein staining score C 4

(c) Conjunctival sum lissamine green staining score C 2

(d) Conjunctival redness score C 1

(e) Schirmer score C 1 mm/5 min and B 10 mm/5 min

(f) Ocular discomfort score (ODS) C 2

Key exclusion criteria

1. Have any ocular condition that, in the opinion of the investigator, could affect study parameters

2. Have a history of laser-assisted in situ keratomileusis (LASIK) and/or any other ocular surgical procedure within

12 months prior to the baseline visit; ocular trauma, penetrating intraocular surgery, refractive surgery, corneal

transplantation, or eyelid surgery within 12 weeks prior to the screening visit; or any scheduled ocular surgical

procedure during the study phase

3. Have active or any history of ocular herpes or other ocular infection within 30 days prior to the baseline visit

4. Have current punctal plugs, punctal occlusion, or a history of nasolacrimal duct obstruction

5. Be unwilling to avoid wearing contact lenses for 7 days prior to the screening visit and for the duration of the study

phase

6. Have a best-corrected visual acuity\ 0.7 logarithm of the minimum angle of resolution (logMAR) in each eye at the

screening and baseline visits

7. Be under treatment with any corticosteroids, immunosuppressants, immunomodulators, or biologic agents for a

concomitant condition

8. Use prohibited medications or devices and be unable to discontinue their use for the required period before entry into

the study, as follows:

(a) Ophthalmic cyclosporine or lifitegrast within 12 weeks prior to the screening visit

(b) Topical and systemic corticosteroids, antibiotics, mast cell stabilizers, and vasoconstrictors and ocular autologous

serum within 30 days prior to the screening visit
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Discomfort and 4-Symptom Questionnaire was
assessed at baseline and weeks 4, 6, and 12. The
questionnaire allowed patients to rate 5 com-
mon symptoms of keratoconjunctivitis sicca
(ocular discomfort, dryness, grittiness, burning, and
stinging) on a scale from 0 (none) to 5 (severe).
The Visual Analog Scale (VAS) was conducted at
baseline and weeks 2, 4, 6, and 12. The VAS is a
7-item symptom index in which patients rated
each symptom on a scale from 0 (no discomfort)
to 100 (maximal discomfort); the symptoms
assessed were eye dryness, burning/stinging, itch-
ing, foreign body sensation, eye discomfort, photo-
phobia, and pain. The Ora CalibraTM Corneal
and Conjunctival Staining Scale was conducted
at baseline and weeks 4, 6, and 12. Fluorescein
staining was used for assessment of the inferior,
superior, and central regions of the cornea
individually and as the sum. Lissamine green
staining was used to assess the nasal and tem-
poral regions of the conjunctiva. Corneal and
conjunctival regions were scored from 0 (none)
to 4 (severe). The Ora CalibraTM Conjunctival
Redness Scale measured conjunctival redness on
a scale from 0 (none) to 4 (severe) and was
assessed at baseline and weeks 4, 6, and 12. Tear
production was assessed at baseline and weeks
4, 6, and 12 by an unanesthetized Schirmer’s
test [24] using a paper strip to determine the

amount (mm) of tears produced over 5 min.
Other ophthalmic assessments included best-
corrected visual acuity (logarithm of the mini-
mum angle of resolution [logMAR]) at baseline
and weeks 4, 6, 12, and 16, with lower logMAR
scores indicating better visual acuity; slit lamp
examination at baseline and weeks 4, 6, 12, and
16; and intraocular pressure (mm Hg) at base-
line and weeks 12 and 16. Treatment-emergent
adverse events (TEAEs) and serious TEAEs at
weeks 2, 4, 6, 12, and 16 were also recorded.

Paper versions of the IDEEL and VAS were
converted to an electronic platform and were
validated by cognitive interviews with patients
to assess equivalence with the paper versions.
Responses were collected on electronic devices
during a predetermined recall period at which
time patients were permitted to respond to a
given assessment. Patients were not permitted
to enter data retroactively after the recall period
closed.

Outcomes

The primary endpoints were the proportion of
patients with C 12-point improvement in the
symptom bother domain of the IDEEL Question-
naire at week 12 and the proportion of patients
with at least 20%, 30%, and 50% improvement

Table 1 continued

(c) Systemic tetracyclines unless the dose has been stable for C 30 days prior to the screening visit and will remain

stable during the study phase

(d) Any topical or systemic medication known to cause ocular drying unless the dose has been stable for C 30 days prior

to the screening visit and will remain stable during the study phase

(e) Topical and systemic antihistamines within 7 days prior to the screening visit

(f) Topical or nasal vasoconstrictors within 14 days prior to the screening visit

(g) Unable to refrain from using artificial tears within 2 h prior to each study visit

(h) Has had glucocorticoid implants within 3 years prior to the baseline visit or has had complications related to the

device and/or has had the device removed within 90 days prior to the baseline visit

(i) Any US Food and Drug Administration (FDA)-approved medical devices other than punctal plugs for dry eye within

12 weeks prior to the screening visit

FDA US Food and Drug Administration, LASIK laser-assisted in situ keratomileusis, logMAR Logarithm of the Minimum
Angle of Resolution, ODS ocular discomfort score
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in the symptom bother domain of the IDEEL
Questionnaire at week 12. The 12-point
improvement was chosen on the basis of the
minimal clinically important difference
threshold proposed by Fairchild et al. [25].
Other endpoints included the mean change
from baseline to week 12 in the following
assessments: each domain of the IDEEL Ques-
tionnaire; each item of the Ocular Discomfort
and 4-Symptom Questionnaire; each item of the
VAS; corneal and conjunctival sums of the
Corneal and Conjunctival Staining Scale; Con-
junctival Redness Scale; Schirmer’s test; visual
acuity; and slit lamp examination. We also
assessed the proportion of patients with com-
plete resolution of symptoms at week 12 as
measured by the Ocular Discomfort and
4-Symptom Questionnaire. Safety endpoints
included the incidence and severity of ocular
TEAEs, new or worsening cataracts, and mean
change from baseline to week 12 in intraocular
pressure.

Statistical Analyses

Efficacy endpoints were analyzed in the modi-
fied intent-to-treat (mITT) population, defined
as all patients who received at least one dose of
RCI and who contributed any post-baseline
efficacy data to the study. For patients with
both eyes affected, change from baseline was
determined by using the eye with the worst
severity at baseline; if both eyes had the same
severity at baseline, the right eye was used.
Safety endpoints were analyzed in the safety
population, defined as all patients who received
at least one dose of RCI. Safety results were
summarized descriptively. No formal sample
size calculations were performed; 95% confi-
dence intervals (CIs) were calculated based on
normal approximation. A target sample size of
36 patients was determined empirically.

Fig. 1 Study design and data collection. BCVA best-
corrected visual acuity, BIW twice weekly, IDEEL Impact
of Dry Eye on Everyday Life, TEAE treatment-emergent

adverse event, RCI repository corticotropin injection, SC
subcutaneous, VAS Visual Analog Scale

1082 Ophthalmol Ther (2021) 10:1077–1092



Table 2 Demographics and baseline characteristics

n Modified intent-to-treat (mITT)
populationa (N = 35)

Age, years, mean (SD) 35 63.3 (10.2)

Sex, no. (%) 35

Male 10 (28.6)

Female 25 (71.4)

Race, no. (%) 35

White 28 (80.0)

Black or African American 7 (20.0)

Ethnicity, no. (%) 35

Hispanic or Latino 2 (5.7)

Not Hispanic or Latino 33 (94.3)

Impact of Dry Eye on Everyday Life (IDEEL) Questionnaire, mean (SD) [scale 0–100]

Impact on daily activities 34 64.5 (20.1)

Emotional impact 34 65.6 (21.8)

Impact on work 17 60.3 (19.4)

Satisfaction with treatment effectiveness 16 22.7 (21.0)

Treatment-related bother 21 59.1 (32.6)

Symptom bother 34 65.4 (15.5)

Ocular Discomfort and 4-Symptom Questionnaire, mean (SD) [scale 0–5]

Ocular discomfort score (ODS) 35 3.2 (0.9)

Burning 35 1.7 (1.3)

Dryness 35 3.5 (1.0)

Grittiness 35 2.5 (1.3)

Stinging 35 2.1 (1.4)

Visual Analog Scale (VAS), mean (SD) [scale 0–100]

Eye dryness 29 77.6 (18.2)

Burning/stinging 29 45.3 (29.1)

Itching 29 44.1 (29.5)

Foreign body sensation 29 50.9 (27.8)

Eye discomfort 29 71.3 (20.3)

Photophobia 29 57.0 (25.7)

Pain 29 34.5 (23.3)

Corneal Staining Scale, mean (SD)
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RESULTS

Patient Disposition, Demographics,
and Baseline Characteristics

The trial was initiated on September 30, 2019,
and was completed on December 7, 2020.
Thirty-six patients enrolled in the study and
were included in the safety population. Thirty-
one patients completed the study; five patients
did not complete the study owing to TEAEs

(n = 2), study withdrawal (n = 1), protocol vio-
lation (n = 1), and death (n = 1). Thirty-five
patients were included in the mITT population.

Most patients were female, White, and not of
Hispanic or Latino ethnicity (Table 2). All
patients had keratitis in both eyes. The mean
(SD) and median duration of keratitis were 4.4
(5.4) and 2.6 years, respectively. The oph-
thalmic medical and surgical history of partici-
pating patients is provided in supplemental
Table S2.

Table 2 continued

n Modified intent-to-treat (mITT)
populationa (N = 35)

Inferior [scale 0–4] 35 2.2 (0.3)

Superior [scale 0–4] 35 1.8 (0.6)

Central [scale 0–4] 35 1.4 (0.5)

Corneal sum for fluorescein 35 5.3 (0.9)

Conjunctival Staining Scale, mean (SD)

Temporal [scale 0–4] 35 1.8 (0.7)

Nasal [scale 0–4] 35 1.9 (0.7)

Conjunctival sum for lissamine green 35 3.5 (1.3)

Conjunctival Redness Scale, mean (SD) [scale 0–4] 35 1.6 (0.6)

Schirmer’s test, mm, mean (SD) 35 3.2 (1.8)

Visual acuity, Logarithm of the Minimum Angle of Resolution

(logMAR), mean (SD)

35 0.1 (0.1)

Intraocular pressure, mm Hg 35 15.9 (3.0)

a All patients who received at least one dose of RCI and who contributed any post-baseline efficacy data to the study

Table 3 Proportion of patients with at least 12-point
improvement in the symptom bother domain score of the
IDEEL Questionnaire

No. (%) 95% CI

Week 2 18 (52.9) 36.2–69.7%

Week 4 18 (52.9) 36.2–69.7%

Week 6 19 (55.9) 39.2–72.6%

Week 12 17 (50.0) 33.2–66.8%

Table 4 Proportion of patients with at least 20%, 30%, or
50% improvement in the symptom bother domain score of
the IDEEL Questionnaire at week 12

No. (%) 95% CI

C 20% 17 (50.0) 33.2–66.8%

C 30% 15 (44.1) 27.4–60.8%

C 50% 5 (14.7) 2.8–26.5%
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As mentioned previously, patient responses
to the IDEEL Questionnaire and VAS were col-
lected on electronic devices during a predeter-
mined recall period and were not permitted to
be collected retroactively after the recall period
closed. Consequently, some patient responses
were not collected throughout the study for
certain domains of the IDEEL Questionnaire
and VAS (Table 2).

IDEEL Questionnaire

At week 12, 17 patients (50.0%) experienced a
C 12-point improvement from baseline in the
symptom bother domain of the IDEEL Question-
naire (Table 3). The proportions of patients

with C 12-point improvement in the symptom
bother domain at each time point assessed are
presented in Table 3, while the proportions
with C 20%, C 30%, or C 50% improvement in
the symptom bother domain score at week 12 are
presented in Table 4.

Improvements from baseline were observed
as early as week 2 and were sustained through
week 12 for the following dimensions of the
IDEEL Questionnaire: impact on daily activities,
emotional impact, treatment-related bother, and
symptom bother (Fig. 2). Improvements from
baseline for the impact on work domain were also
observed at week 2, although a slight decrease
in this domain score was observed from week 2
to week 4 before increasing again at week 6
(Fig. 2).

B a s e lin e W e e k 2 W e e k 4 W e e k 6 W e e k 1 2

5

1 0

1 5

2 0

2 5

Im p a c t o n d a i ly a c t iv it ie s (n = 3 4 )

Im
p

ro
ve

m
e

n
t

C
h

a
n

ge
fr

o
m

b
a

se
li

n
e

0
B a s e lin e W e e k 2 W e e k 4 W e e k 6 W e e k 1 2

5

1 0

1 5

2 0

2 5

E m o t io n a l im p a c t (n = 3 4 )
Im

p
ro

ve
m

e
n

t

C
h

a
n

g e
f r

o
m

b
a

se
l i

n
e

0

B a s e lin e W e e k 2 W e e k 4 W e e k 6 W e e k 1 2
-1 0

1 0

2 0

3 0

Im p a c t o n w o r k (n = 1 7 )

Im
p

ro
ve

m
e

n
t

C
h

a
n

ge
fr

o
m

b
a

se
li

n
e

0

B a s e lin e W e e k 2 W e e k 4 W e e k 6 W e e k 1 2
-5 0

-2 5

2 5

5 0

7 5

S a t is fa c t io n w ith tr e a tm e n t e f f e c t iv e n e s s (n = 1 6 )

Im
p

ro
ve

m
e

n
t

C
h

a
n

ge
fr

o
m

b
a

se
li

n
e

0

B a s e lin e W e e k 2 W e e k 4 W e e k 6 W e e k 1 2

1 5

3 0

4 5

6 0

7 5

T r e a tm e n t-r e la te d b o th e r (n = 2 1 )

Im
p

ro
ve

m
e

n
t

C
h

a
n

ge
fr

o
m

b
a

se
li

n
e

0
B a s e lin e W e e k 2 W e e k 4 W e e k 6 W e e k 1 2

-3 0

-2 0

-1 0

S y m p to m b o th e r (n = 3 4 )

Im
p

ro
ve

m
e

n
t

C
h

a
n

ge
fr

o
m

b
a

se
li

n
e 0

A

C

E

B

D

F

Fig. 2 Change from baseline for each domain of the IDEEL Questionnaire. Data are mean (95% confidence interval)

Ophthalmol Ther (2021) 10:1077–1092 1085



Ocular Discomfort and 4-Symptom
Questionnaire

Improvements from baseline at week 12 and
multiple time points prior were observed for
each item of the Ocular Discomfort and
4-Symptom Questionnaire after initiation of
RCI treatment (Fig. 3). The proportions of
patients who had complete resolution of each
symptom by week 12 are presented in Table 5.

VAS

At week 12, improvements from baseline were
observed for each item of the VAS (Table 6). The
most pronounced improvements were observed
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Fig. 3 Changes from baseline for each item of the Ocular Discomfort and 4-Symptom Questionnaire. Data are mean (95%
confidence interval)

Table 5 Proportion of patients with complete resolution
of each symptom of the Ocular Discomfort and 4-Symp-
tom Questionnaire at week 12

No. (%) 95% confidence
interval (CI)

Ocular discomfort 7 (20.0) 6.7–33.3%

Dryness 3 (8.6) 0–17.8%

Grittiness 16 (45.7) 29.2–62.2%

Burning 15 (42.9) 26.5–59.3%

Stinging 22 (62.9) 46.8–78.9%
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for eye dryness at week 12 and eye discomfort at
weeks 2 and 12.

Ophthalmic Assessments

Improvements in the corneal sum by fluores-
cein staining, conjunctival sum by lissamine
green staining, and Schirmer’s test were
observed as early as week 4 after initiation of
RCI treatment and were sustained through week
12 (Table 7). An improvement in conjunctival
redness was observed as early as week 6 after
initiation of RCI treatment and was sustained
through week 12 (Table 7). No clinically
meaningful changes in visual acuity (supple-
mental Table S3) or slit lamp examination
(supplemental Table S4) were observed.

Safety

One-third of patients experienced at least one
TEAE after initiation of RCI treatment (Table 8).
Almost all TEAEs were single incidences. Blurred
vision and double vision were the only ocular
TEAEs reported. One serious TEAE of inten-
tional overdose was reported and resulted in
death; although the specific drug implicated in
the overdose is unknown, investigators identi-
fied this event as unrelated to RCI treatment.
No new or worsening cataracts (supplemental
Table S4) or clinically meaningful changes in
intraocular pressure (supplemental Table S5)
were observed.

Table 6 Change from baseline for each item of the Visual Analog Scale (VAS)

Week 2 (n = 24) Week 12 (n = 26)

Mean standard deviation (SD) 95% CI Mean (SD) 95% CI

Eye dryness -19.3 (29.9) -31.9 to -6.7 -22.2 (25.6) -32.6 to -11.8

Burning/stinging -16.6 (28.6) -28.7 to -4.5 -13.5 (24.3) -23.3 to -3.7

Itching -10.4 (25.6) -21.2 to 0.4 -10.1 (27.3) -21.1 to 0.9

Foreign body sensation -19.4 (21.6) -28.5 to -10.3 -17.7 (22.5) -26.7 to -8.6

Eye discomfort -23.1 (27.5) -34.7 to -11.5 -23.9 (25.4) -34.2 to -13.7

Photophobia -21.2 (27.4) -32.7 to -9.6 -19.5 (26.5) -30.2 to -8.8

Pain -12.0 (15.1) -18.4 to -5.6 -15.0 (20.2) -23.1 to -6.9

Table 7 Change from baseline for each ophthalmic assessment

Week 4 (n = 33) Week 6 (n = 32) Week 12 (n = 31)

Mean
(SD)

95% CI Mean
(SD)

95% CI Mean
(SD)

95% CI

Corneal sum—fluorescein -1.0 (1.5) -1.5 to -0.4 -1.3 (1.4) -1.8 to -0.8 -1.1 (1.4) -1.6 to -0.6

Conjunctival sum—lissamine

green

-0.6 (0.9) -0.9 to -0.2 -0.8 (1.3) -1.2 to -0.3 -0.7 (1.4) -1.2 to -0.2

Conjunctival Redness Scale -0.2 (0.7) -0.4 to 0.1 -0.3 (0.6) -0.5 to -0.1 -0.4 (0.8) -0.6 to -0.1

Schirmer’s test, mm 2.1 (4.9) 0.4 to 3.9 1.6 (4.4) 0.01 to 3.2 1.3 (3.9) -0.1 to 2.7

Ophthalmol Ther (2021) 10:1077–1092 1087



DISCUSSION

The results from this phase 4, multicenter,
open-label study showed improvements across
multiple symptoms of keratitis after initiation
of RCI treatment. By week 12, half of the
patients in this study had experienced a C 12-
point improvement or a C 20% improvement
in the IDEEL symptom bother domain score.
These findings were supported by improve-
ments in other domains of the IDEEL as well as

conjunctival redness and symptoms of burning,
discomfort, dryness, foreign body sensation, gritti-
ness, pain, photophobia, and stinging. Further-
more, improvements in corneal fluorescein
staining, conjunctival lissamine staining, and
tear production (Schirmer’s test) were also
observed. Many of these improvements were
observed as early as week 2 or week 4 after RCI
initiation, which is especially meaningful given
that the trial had enrolled patients with severe
and long-lasting, persistently active keratitis
that had not improved with prior treatments.

Punctate keratitis is a characteristic sign of
corneal damage and of dry eye [2, 26–28]. If
untreated, its sequelae can lead to partial or
total vision loss, particularly when the central
region of the cornea is affected [29–32]. Fluo-
rescein and lissamine staining are key markers
for evaluating the health of the corneal and
conjunctival epithelium, respectively [27–29].
Importantly, the improvements in fluorescein
staining and lissamine staining observed after
RCI treatment in our study suggest that RCI
may help clear ocular surface changes caused by
keratitis. Although these results were not rein-
forced by improvements from baseline in visual
acuity, a lack of improvement in visual acuity
could be attributed to the small number of
patients in this study.

Additionally, corneal damage and dry eye
trigger a self-perpetuating immune response
that can further intensify ocular cell and tissue
damage [27, 30]. Components of both the
innate and adaptive immune response have
been implicated in this process [27, 30].
Homeostasis of the ocular surface is regulated
by lymphocytes; in response to epithelial
injury, T cells activate an inflammatory cascade
that results in apoptosis of corneal epithelial
cells, further altering ocular homeostasis
[30, 33]. This process stimulates the production
of proinflammatory cytokines such as inter-
feron gamma, tumor necrosis factor alpha, and
interleukin (IL)-1, IL-6, IL-8, and IL-17 on the
ocular surface and in tear film [26, 27, 33].
Although inflammatory cells and proinflam-
matory cytokine profiles were not directly
assessed in this study, the effectiveness of RCI
for improving corneal epithelium staining and
symptoms of keratitis may be attributed to a

Table 8 Safety results

Safety
populationa

(N = 36)

Patients who experienced any

treatment-emergent adverse event

(TEAE), no. (%)

12 (33.3)

TEAEs, no. (%)

Hypertension 2 (5.6)

Abdominal pain 1 (2.8)

Ankle fracture 1 (2.8)

Blurred vision 1 (2.8)

Double vision 1 (2.8)

Fever 1 (2.8)

Increased viscosity of upper

respiratory secretions

1 (2.8)

Intentional overdose 1 (2.8)

Irritability 1 (2.8)

Polymyalgia rheumatica 1 (2.8)

Weight gain 1 (2.8)

Wrist fracture 1 (2.8)

Upper respiratory tract infection 1 (2.8)

Serious TEAE, no. (%) 1 (2.8)

Intentional overdose 1 (2.8)

TEAE with fatal outcome, no. (%) 1 (2.8)

Intentional overdose 1 (2.8)

a All patients who received at least one dose of RCI
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reduction in the inflammatory changes of the
ocular surface. It is thought that RCI reduces the
activity of helper T cells and increases the
activity and number of regulatory T cells via
activation of MCRs [15, 34, 35]. Additionally,
previous studies have suggested that RCI has an
immunomodulatory effect on B cell activation,
differentiation, and development and inhibits
the inflammatory cytokine response [9–13]. The
direct immunomodulatory effects of RCI in
patients with refractory noninfectious keratitis
should be evaluated in a future study.

The results of this study also showed that RCI
was safe and well tolerated. No new safety sig-
nals for RCI were identified. Notably, the only
ocular TEAEs reported were blurred vision
(n = 1) and double vision (n = 1), and there were
no serious TEAEs related to RCI treatment.
These findings are consistent with the known
safety profile of RCI when used to treat refrac-
tory RA [19] and refractory SLE [36]. Addition-
ally, a previous systematic review found that
RCI has a comparable safety profile to that of
low-dose corticosteroids, and these findings
were further supported by pharmacovigilance
data for RCI [37]. However, to date, no head-to-
head studies have directly compared the safety
profile of RCI with that of corticosteroids or
other standard-of-care therapies for keratitis.

Patients in this study had refractory severe
noninfectious keratitis that did not improve
after treatment with various standard-of-care
therapies or were previously unable to tolerate
such therapies, including topical ophthalmic
preparations. The corneal anatomy can limit
topical drug absorption, and many topical drugs
are cleared rapidly from the ocular surface after
administration because of tear turnover [38].
The systemic effects of the RCI gel preparation
may provide a sustained therapeutic response
that contrasts with the rapid clearance and low
bioavailability of topical ophthalmic treat-
ments. Because of the previously mentioned
limitations of topical treatments, these prepa-
rations often require frequent daily adminis-
tration that contributes to a low treatment
compliance rate [38, 39]. Therefore, the twice-
weekly administration of RCI may be preferred
by some patients.

Keratitis is also associated with various
autoimmune diseases, such as RA and SLE, and
is sometimes the presenting sign of disease
[40, 41]. In addition to ocular inflammatory
disorders, RCI is approved for the treatment of
systemic inflammatory, collagen, and rheu-
matic disorders [7]; thus, the efficacy of RCI for
treating keratitis is a potential additional benefit
of RCI when used to treat these other condi-
tions. However, this was not directly evaluated
in this study and warrants further investigation.

This study adds to the body of literature for a
condition that is still being explored exten-
sively. Limitations of this study include a rela-
tively small sample size, a short treatment
period of 12 weeks, and a lack of a placebo
comparator. However, because the patients
were not permitted to receive standard thera-
pies such as cyclosporine, lifitegrast, and corti-
costeroids during the study period, the observed
improvements in the symptoms of keratitis are
likely the result of RCI treatment. Although the
open-label study design was appropriate for this
target population of patients with severe
refractory keratitis, the efficacy and safety
results warrant further investigation in a ran-
domized, placebo-controlled trial.

CONCLUSIONS

Keratitis is associated with substantial morbid-
ity and reduced quality of life [26, 28]. Conse-
quently, patients who have keratitis that has
not improved with conventional therapies have
a need for efficacious alternatives. Treatment
with 80 U of RCI subcutaneously twice weekly
for 12 weeks was associated with rapid and
sustained improvements in clinical and symp-
tomatic assessments of keratitis. These results
support the utility of RCI as a safe and effective
treatment option for refractory severe nonin-
fectious keratitis that has not improved after
treatment with other medications approved to
treat this condition.
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