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Purpose: The purpose of this study was to evaluate the safety and tolerability profile of
drugs used for treating common eye disorders when applied to normal healthy volunteers
(NHVs) as explored in phase 1 trials.

Subjects and Methods: A total of 166 NHVs were identified in six phase 1 trials,
examined in a retrospective analysis. The primary endpoints were visual comfort (by ocular
comfort index, OCI) and safety (laboratory evaluations, vital signs (VS), visual acuity (VA),
intraocular pressure (IOP), lissamine green and fluorescein staining, conjunctival hyperemia,
chemosis, and adverse events’ incidence (AE)).

Results: Compared to baseline, 75.9%, 40.4% and 73.7% of NHV (for lubricant, hypoten-
sive and antibiotic treatments, respectively) improved their OCI score by their final visit.
Laboratory evaluations and VS were within normal ranges in 88% of NHV. Similar results
were found for VA, corneal and conjunctival staining, and chemosis. IOP decreased sig-
nificantly in the hypotensive agents’ group, trace to mild hyperemia was reported in 32.1%,
27.1%, and 6.8%, respectively. Additionally, lubricant and hypotensive investigational drugs
(ID) had a lower risk of incidence of AE than approved drugs (OR 0.856, 95% CI [0.365,
1.999] and 0.636, 95% CI [0.096, 4.197], respectively). Meanwhile, on antibiotic drugs, the
risk for ID-related AE was higher (OR 1.313, 95% CI [0.309, 5.583]).

Conclusion: Phase 1 trials are important in order to ensure the safety and tolerability of
ophthalmic medications. This study demonstrates that NHVs do not face a significant risk of
harm in these studies, since 98% of the reported AE were mild, and all AE were resolved by
the end of the study in which they appeared.

Trial Registration: This is a retrospective study of six previously conducted clinical trials,
registered on clinicaltrials.gov with the following registration IDs: NCT04081610,
NCT03524157, NCT03520348, NCT03966365, NCT03965052 and, NCT03519516.
Keywords: healthy volunteer, phase 1 trial, safety, tolerability, ophthalmic drug

Introduction

Clinical research can be divided into 4 phases, and the basic standards and technical
requirements of each phase are strictly regulated. Phase 1 trials are performed on new
drugs which have already cleared a previous pre-clinical safety and toxicology
assessment.' During their participation in phase 1 trials, normal healthy volunteers
(NHVs) play an important role in identifying side effects of investigational drugs
(ID).> Any physical change, harmful or unpleasant reactions that a participant experi-
ences while in such a trial, regardless of severity (mild, moderate, or severe), is
considered an adverse event (AE) rather than an “effect” because any detected symptoms
may or may not be directly related to the experimental drug.* In general, the overall risk
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of serious/severe AE has been estimated to be very low for
NHV participating in phase 1 trials. Some common side
effects such as headache, diarrhea, nausea, skin rashes,
among others are frequently reported mild-AEs in trials eval-
uating systemic drugs.”* The phase 1 trials of ophthalmic
medications included in this study varied in terms of the
types of ID being tested, study procedures, and protocol
designs. However, inclusion criteria generally matched or
overlapped, including characteristics such as therapeutic
area, and treatment-specific safety and tolerability parameters.
They also included the evaluation of vital signs, laboratory
tests, and matching protocol-defined parameters.

Despite the great importance of this research stage, since it
links preclinical studies and the first human exposure to
a certain formulation, the helpful information provided by
phase 1 studies is not usually published or made available in
any way to both the rest of the scientific community and
general public. Even when recently there has been a slight
increase in the number of published phase 1 trials,”® these
are mostly cancer trials, leaving a significant gap of available
data regarding the development of other specialty’s drugs
during this essential stage of initial exposure of the target
species of such medications.”

In order to present a wider view of NHV who have
undergone ophthalmology trials, our study describes rele-
vant elements of phase 1 clinical trials, including drugs
used for common eye disorders: dry eye therapy, glau-
coma, and antibiotic agents."°

Furthermore, the results obtained in ophthalmic phase 1
clinical trials may provide valuable information in regards of
the potential adherence to be expected for a topically applied
solution. As has been stated earlier in this document, there are
many ophthalmological diagnoses that require a specific
dosage of a topically applied medication, including cases of
multiple daily instillations for a long period of time. In order to
continue protecting users from possible serious and irreversible
consequences of an undertreated pathology, safety and toler-
ability profiles of common ophthalmic drugs must be studied.

The purpose of this study was to evaluate the toler-
ability, visual comfort, and safety profile after ophthalmic
drug instillation (ID and approved drugs [AD]) in NHV
enrolled in phase 1 clinical trials.

Subjects and Methods

Study Design

This is a retrospective study of six previously conducted
clinical trials, registered on clinicaltrials.gov with the

following registration IDs: NCT04081610, NCT03524157,
NCT03520348, NCT03966365, NCT03965052  and,
NCT03519516. The design of this study was based on pre-
vious similar published works." ™' A retrospective analysis of
the former phase 1 clinical trials executed by Laboratorios
Sophia, S.A. de C.V. was performed. Six studies met the
criteria to be considered in the analysis, all of which were
completed as planned, with a median duration of 8.5 (7 to 10)
days. The studies included were randomized, parallel, pro-
spective, controlled, and single-center trials. They were con-
ducted in six centers in Mexico after an ethics committee for
each trial study reviewed and approved said study’s protocol
and its corresponding informed consent form (see Ethics
approval and Consent to Participate section). All studies
were conducted in compliance with the Declaration of
Helsinki and in accordance with Good Clinical Practices
Standards. All volunteers that participated provided written
and signed informed consent. NHVs were recruited between
July 2017 and October 2019, see Table 1. The data obtained in
these prospective studies from their respective subjects were
further analyzed retrospectively in order to evaluate the safety
and tolerability profile of ophthalmic drugs when applied to
healthy volunteers. The drugs used in these studies belonged to
one of the following therapeutic families: lubricant, hypoten-
sive agents and antibiotics. See Table 1 for details.

Subjects

Inclusion criteria included normal healthy male or female
volunteers (aged 18—45 years), visual acuity of 20/30 or
better, IOP >10 and <21 mmHg, normal vital signs, normal
laboratory evaluation with a 20% margin. In the case of
women of childbearing age, a birth control method was
necessary, because pregnancy/breastfeeding or high child-
bearing potential without a birth control method before
inclusion were considered exclusion criteria. Other exclu-
sion criteria were the prevalent use of topical ocular drugs,
trial participation <90 days before signing informed con-
sent, current pharmacological medication or herbology
treatments (that may affect the study’s outcomes) by any
other route of administration and being a contact lens user.
For more information about inclusion and exclusion cri-
teria see Supporting Information (Tables S1 and S2).

Treatment and Evaluations

One hundred and sixty-six NHVs were randomized in
a 1:1 ratio to receive either a lubricant (ID: n = 38
or AD: n = 50), a hypotensive drug (ID: n = 24 or AD:
n = 24), or an antibiotic drug (ID: n = 15 or AD, n = 15)
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Table | Characteristics of Studies

NCT Treatment Study Design FPFV - | Enrolled Duration Posology
Number LPLV (n) (Days)
NCT04081610 | e SH-PF (PRO-037) Randomized, 09/19/ 34 7 I drop QID, OU
o SH-PF (Lagricel® Ofteno [LOF]) opened, parallel, 19 — 10/
controlled 23/19
NCT03524157 | e SH/CS-PF (PRO-087) Randomized, 07/18/ 30 10 | drop QID, OU
e Xanthan gum/CS-PF (Xyel® Ofteno double-blind, 17 - 02/
PF [XOF]) parallel, controlled 21/18
® PEG/PG (Systane® Ultra)
NCTO03520348 | e Dexpanthenol (PRO-167) Randomized, 10/12/ 24 10 QID, OD (approximately |
e Dexpanthenol (Corneregel®) double-blind, 17 — 05/ centimeter)
parallel, controlled 22/18
NCTO03966365 | e Timolol/Brimonidine/Dorzolamide Randomized, 05/03/ 24 7 | drop BID, OU
PF-fixed combination (PRO-122) double-blind, 19 - 07/
o Timolol/Brimonidine/Dorzolamide parallel, controlled 02/19
fixed combination (Krytantek® Ofteno
[KOF))
NCT03965052 | e Travoprost (PRO-179) Randomized, 04/24/ 24 10 I drop QID (at night), OU
e Travoprost (Travatan®) double-blind, 19 - 07/
parallel, controlled 02/19
NCTO03519516 | e Levofloxacin (PRO-174) Randomized, 02/19/ 30 7 -Days | and 2: | drop, 8 daily
e Ciprofloxacin (Sophixin® Ofteno double-blind, 18 — 05/ applications (every 2 hours),
[SOF]) parallel, controlled 14/18 ou
-Days 3-7: | drop QID
(every 4 hours), OU

Notes: Investigational drugs: PRO-037, PRO-087, PRO-167, PRO-122, PRO-179, and PRO-174, by Laboratorios Sophia, S.A. de C.V,, Zapopan, Jal, Mexico. Approved drugs:
Lagricel® Ofteno, Xyel® Ofteno PF, Krytantek® Ofteno, and Sophixin® Ofteno by Laboratorios Sophia, S.A. de C.V, Zapopan, Jal, Mexico, Systane® Ultra by Alcon
Laboratories, Inc., Fort Worth, TX, USA, Corneregel® by Bausch & Lomb, Inc., Berlin, Germany, and Travatan® by Alcon Laboratories, Inc., Fort Worth, TX, USA.

Abbreviations: BID, twice a day; CS, chondroitin sulfate; FPFV, first patient-first visit; LPLV, last patient-last visit; OD; right eye; OU, both eyes; PEG, polyethylene glycol
400; PF, preservative-free; PG, propylene glycol; QID, four times a day; SH, sodium hyaluronate.

through computer software randomization numbers (SAS
Institute, Inc, Cary, NC, USA). The posology and experi-
mental time of each trial are represented in Table 1.

For the analysis of the variables described during the
ophthalmological exploration (VA, IOP, ocular surface
staining, ocular symptomatology, and conjunctival impres-
sion cytology [CIC]), for each subject, the average value
of right and left eyes was considered an individual case

(single data point per individual).'>'¢

Primary Endpoints
Visual Comfort

Ocular surface irritation was examined using the Ocular
Comfort Index (OCI). It is a questionnaire designed for an
objective measurement of ocular surface irritation. It pro-
duces estimates in a linear interval scale (score 0 to 100).
This tool evaluates symptoms encompassing the discom-
fort associated with alterations of the ocular surface. Every

item in this questionnaire evaluates both frequency and
severity of each symptom.'” The OCI questionnaire is
suitable for assessing the impact of ocular surface disease
and changes in severity to design therapeutic strategies.
Only the extreme responses (0, never; 6, always) were
labeled, in order to minimize the effects of differences in
subjective interpretation.'®

Safety Assessments

Safety was evaluated through changes on specified labora-
tory evaluations of interest including liver-associated
enzymes (LAE), vital signs (VS), visual acuity (VA),
intraocular pressure (IOP), fluorescein and lissamine
green corneal and conjunctival staining, conjunctival
hyperemia, chemosis and incidence of adverse events.
The laboratory evaluations included glucose, creatinine,
hematic cytometry, and LAE (AST, ALT, direct bilirubin
(conjugated), and total bilirubin). To pool the data from
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different studies, LAE levels were converted to multiples
of the upper limit of normal value (ULN).'® The measured
VS were the heart and respiratory rate (HR and RR,
respectively), and systolic and diastolic blood pressures
(SBP and DBP, respectively). Potential safety signals for
most laboratory evaluations were identified based on
values that fell outside of normal reference ranges in
Mexican population. The VA was determined with
chart. The IOP was
a calibrated Goldmann applanation tonometer. The ocular

a Snellen measured using
surface was evaluated with a slit lamp, aided by fluores-
cein and green lissamine staining (GLS). Surface dye
staining was classified in a scale from 0 to V in accordance
with the percentage of the affected area (Oxford scale).
Changes in conjunctival hyperemia were assayed with the
Efron scale and incidence of chemosis was recorded. For
AE evaluation, any method used in the clinical trials to
elicit participant/reported AE, such as a diary, checklist,
memory aid, etc., whether applied face-to-face or other-
wise were considered. AEs occurring during each clinical
protocol were recorded and included in this analysis.

Secondary Endpoints

Satisfaction

NHYV under lubricants and antibiotic trials were questioned
about their satisfaction with their respective treatments
(discomfort), and it was measured through the ocular
symptomatology post-installation determined by burning,
itching, and foreign body sensation (FBS) using a survey
questionnaire. Additionally, only in trials involving lubri-
cants goblet cells density and Nelson’s grades were deter-
mined by CIC. Kendall’s Tau-b was conducted to
determine whether a linear association existed between
the goblet cell density and CIC grades score.

Data Analysis

A sample size was not calculated based on statistical power
calculations for this retrospective study since the subjects
included were those respectively recruited for each individual
study included in this analysis. We investigated the association
of the type of treatment (lubricant, hypotensive or antibiotic
drug) and their safety profile. In a second analysis, we strati-
fied data by type of drugs: ID versus AD (pre-specified in each
protocol). The categorization was based on the conclusion of
the study (eg, the ID was than safer as AD). All the participants
who were enrolled in each study were included in the analyses
(intent-to-treat population, ITT; n = 166 NHV). The contin-
uous variables were assessed using a general linear model

(GLM) multivariate analysis and repeated measures for data
collected at least three times. Bonferroni’s comparisons were
used when required for the post hoc analyses. The ordinal
variables were analyzed using p % q contingency tables and the
differences were calculated with Pearson Chi-square test or
Fisher’s exact test. For the AE analysis, a logistic regression
was used to calculate the odd ratio (OR) and 95% confidence
interval (CI) for the association between determinants and
studies. ORs were used to determine whether the ID exposure
may be a risk factor for the incidence of AE, and to compare
the magnitude of type-of-drug risk factor for that outcome as
follows: OR = 1, exposure does not affect odds of outcome;
OR > 1, exposure associated with higher odds of outcome, and
OR < 1, exposure associated with lower odds of outcome.?
All data analyses were in SPSS 19.0 software for Windows
(SPSS Inc., Chicago, IL, USA). A p-value < 0.05 was con-
sidered significant.

The datasets generated and/or analyzed during the cur-
rent study are available in the Open Science Framework
(https://osf.io0) DOI 10.17605/0SF.10/
GzU6J.

repository, as

Results

Characteristics of the participants: A total of 166 NHV,
were enrolled, two subjects discontinued their participa-
tion because of either AE (ocular hypotonia and rhinitis),
one for protocol deviations, and another due to poor
adherence to the indicated treatment (<80%). Therefore,
162 NHVs completed their entire protocol without devia-
tions up to the safety call, instilling ID or AD during
a study from different therapeutic areas. There were no
demographic or clinically relevant differences at baseline
between treatment groups. Mean age + standard deviation
(SD) was 27.41 + 6.6 years, 53.6% of the NHVs were
female (Pearson Chi-square test, p = 0.413), see Table 2.

Primary Endpoints

Visual Comfort

Baseline OCI score (mean = SD) was similar between the
lubricant and hypotensive treatment groups (see Table 2);
meanwhile, the antibiotic group had a lower basal OCI
score (F2,165=11.760; p = 0.0001). On the final visit,
75.9%, 40.4%, and 73.7% of the NHVs in each group
improved their initial score (Pearson Chi-square test, p =
0.0001). The mean of change + SD from baseline to final
visit was —7.29 + 12.9 for lubricant, 2.17 + 10.9 for
hypotensive and, —5.05 + 11.8 for antibiotic groups. The
hypotensive group showed a significant increase in its

1126 "

Dove!

Therapeutics and Clinical Risk Management 2021:17


https://osf.io
https://www.dovepress.com
https://www.dovepress.com

Dove

Munoz-Villegas et al

Table 2 Initial Characteristics of Each Group (n = 166 NHV)

Lubricant Hypotensive Antibiotic
Female/Male?, % 53.4/46.6 47.9/52.1 63.3/36.7
Age®, year £ SD 2844 + 6.4 26.21 + 6.1 2630 £ 7.6
OCI®, score + SD 2698 + 11.7 2491 £92 15.63 £ 12.3*
IOP®, mmHg £ SD 1332+ 1.9 13.81 £ 24 12.62 = |.5%
VA®, Snellen % SD 20.85 + 24 21.96 + 3.2% 2037 £ 1.5
Conjunctival hyperemia grade 0%, n (%) 49 (55.7) 40 (83.3) 30 (100)*
LGS grade 0% n (%) 67 (76.1) 39 (81.3) 30 (100)
Fluorescein staining grade 0%, n (%) 67 (76.1) 45 (93.8) 30 (100)*

Notes: *Chi square test, "ANOVA, between treatments, *p < 0.05.

Abbreviations: IOP, intraocular pressure; LGS, lissamine green staining; NHV, normal healthy volunteer; OCI, ocular comfort index; SD, standard deviation; VA, visual

acuity.

score compared to the lubricant group (Bonferroni test, p =
0.0001). Additionally, no significant differences between
the type of drug (ID or AD) were observed (p = 0.752),
also the between-factor interaction (treatment X type of
drug) was not significant (p = 0.374), see Table 3.

Laboratory Evaluations

As expected for NHV, laboratory results for hematological
and biochemical parameters were within normal ranges at
baseline. We did, however, find statistically significant dif-
ferences on hematocrit (HTC), hemoglobin (HGB), and
mean corpuscular volume (MCV) levels (all of them, under
ULN values). The hypotensive group’s levels were higher
than that of lubricant and antibiotic groups (Bonferroni test,
p <0.05). On the final visit, the MCV level was significantly
different between treatments (p = 0.0001). Also, differences
were evidenced between type of drug on AST and total
bilirubin (p <0.05); however, between-factor interaction
(visit x treatment x type of drug) was not significant (p >
0.05), see Table 4. ALT and AST elevations were observed in
three subjects under lubricants and another in the hypoten-
sive study group (2.4%), from baseline to final visit (reported

Table 3 Ophthalmological Exploration at Final Visit

as an AE). Two subjects (AD) had values greater than 1.2
times ULN-AST. For ALT levels, two NHVs had values 1.5
times higher, and another 2.6 times higher, meanwhile only
one NHV in ID had one value greater than 1.02 times ULN
during the treatment. LAE were resolved by the end of the
follow-up study period and no safety additional issues were

raised.

Vital Signs (VS)

As expected for NHV vital signs parameters were within
normal ranges at baseline. Relatively few VS values were
statistically lower between treatments at baseline. The RR
in hypotensive group (F,164)= 4.209; p = 0.017), the SBP
in antibiotic (F,164= 3.446; p = 0.034) and, the DBP in
lubricant group (F(2 164y~ 4.180; p = 0.017) were consis-
tently and significantly lower at the final visit (p-values:
0.001, 0.049 and, 0.006 respectively). However, the inter-
actions between-factors (visit X treatment and visit x type
of drug) were not significant (p > 0.05). On the final visit,
only 1 (0.6%) NHV had high HR, 12 (7.3%) NHV had
high SBP, and 3 (1.8%) NHV had high DBP. However,
these findings were not reported as AEs.

Lubricant Hypotensive Antibiotic
OCI®, score + SD 2040 = 11.7 27.03 + 10.8 12.85 + |1.8*
IOP®, mmHg + SD 1279 + 1.7 11.53 £ 2.1* 12.60 = 1.4
VA®, Snellen % SD 2054 £ 1.9 21.08 £ 2.9 20.38 £ 1.6
Conjunctival hyperemia grade 0%, n (%) 59 (67.8) 35 (72.9) 27 (93.1)
LGS grade 0% n (%) 128 (85.3) 85 (88.5) 56 (96.6)
Fluorescein staining grade 0%, n (%) 122 (81.3) 86 (89.6) 55 (94.8)*

Notes: *Chi square test, bANOVA, between treatments, *p < 0.05, n = 164 NHVs.
Abbreviations: IOP, intraocular pressure; LGS, lissamine green staining; NHV, normal healthy volunteer; OCI, ocular comfort index; SD, standard deviation; VA, visual

acuity.
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Table 4 Hematological and Biochemical Parameters

Treatment | Type of | HTC, % (40-54) | HGB, g/dL (12-18) RBC, M/UI MCV, fL WBC, mi/Ul | Platelet, mi/Ul
Drug (4.5-6.5) (84-104) 4-11) (150-400)
Mean % Standard Deviation

Baseline hematological parameters
Lubricants ID 4244 £ 3.9 1383+ 14 4.66 £ 0.4 91.24 £33 674+ 1.4 253.45 + 44.6
(n=53) AD 43.76 £ 4.0 1448 + 1.6 483 + 04 90.70 * 3.9 651 1.3 25442 £ 51.6
Hypotensive ID 45.55 £ 3.9 1474 £ 1.3 489 £ 0.5 93.28 £ 4.6 7.09 £25 240.29 * 54.2
(n=48) AD 46.93 + 48 1520 + 1.5 495+ 0.5 94.96 + 3.8 713 1.7 241.50 + 39.8
Antibiotic ID 43.63 £ 3.9 1421 = 1.3 477 £ 0.5 91.67 £ 3.1 6.19 1.4 254.00 + 43.9
(n=30) AD 4251 £ 48 1385+ 1.8 4.63 £ 0.7 9234 £ 42 628 + 1.7 257.67 + 49.3
Final hematological parameters
Lubricants ID 42.19 £ 3.8 13.75 + 1.4 4.64 £ 04 91.17 £3.7 6.63 £ 1.5 249.00+ 39.3
(n=52) AD 43.66 + 4.0 1431 £ |.5 481 £ 04 90.89 + 4.1 6.57 £ 1.4 252.60 + 48.0
Hypotensive ID 45.58 + 4.2 1476 = 1.4 492+ 0.5 92.87 + 4.1 683 £ 1.6 254.04 + 52.0
(n=46) AD 46.01 £ 4.2 1499 + 1.3 489 £ 0.4 9423 £ 3.8 6.61 £ 1.6 261.04 £ 53.8
Antibiotic ID 44.21 £ 4.0 1417 £ 1.3 478 £ 0.5 9271 £3.0 6.14 £ 1.6 253.13 + 38.1
(n=29) AD 43.05 £ 4.5 1385+ I.7 4.64 £ 0.6 93.11 £3.9 624 £ 1.6 239.14 £ 30.7
p' 0.884 0.250 0.276 0.0001 0.345 0.103

2 0.213 0.154 0.296 0.532 0.544 0.780
Treatment Type of | Glucose, mg/dL | Creatinine, mg/dL AST, U/L ALT, U/L TB, mg/dL DB, mg/dL

drug (70-100) (0.7-1.3) (0-38) (0-41) (0-1.1) (0-0.3)
Mean * Standard deviation

Baseline biochemical parameters
Lubricants ID 81.05 + 6.8 0.87 £ 0.2 1991 £ 6.5 19.23 + 84 0.57 £ 0.2 0.14 £ 0.1
(n=53) AD 8348 + 7.6 0.85 + 0.1 20.48 + 4.0 2141 £ 95 0.66 + 0.2 0.15+ 0.1
Hypotensive ID 8583 +72 0.82 £ 0.2 18.57 + 4.1 20.96 + 10.5 0.67 £ 0.2 0.13£0.0
(n=48) AD 8591 + 6.9 0.81 +0.2 17.17 £ 5.9 16.57 £ 7.9 0.65 + 0.2 0.12 £ 0.0
Antibiotic ID 86.54 + 6.9 0.85 £ 0.1 18.93 £ 6.6 21.00+79 0.67 £ 0.3 0.15 0.1
(n=30) AD 81.33+73 0.83 £ 0.1 1793 £ 7.2 17.80 £ 9.0 0.68 + 0.2 0.17 £ 0.1
Final biochemical parameters
Lubricants ID 82.18 + 6.4 0.88 £ 0.1 17.55 £ 3.9 2082+ 11.5 0.62 £ 0.2 0.14 £ 0.1
(n=52) AD 84.14+74 0.85 £ 0.1 20.70 + 6.9 25.17 + 18.6 0.59 £ 0.2 0.14 £ 0.1
Hypotensive ID 89.92 + 8.6 0.82 £ 0.2 18.08 + 4.7 18.67 £ 10.2 0.68 £ 0.3 0.12 £ 0.1
(n=46) AD 87.39 + 64 0.80 £ 0.1 20.17 £ 7.1 19.25 + 10.6 0.69 £ 0.3 0.14 £ 0.1
Antibiotic ID 87.07 + 6.7 0.85 £ 0.1 19.07 £ 5.9 20.27 + 6.1 0.67 £ 0.2 0.15 £ 0.1
(n=29) AD 80.86 + 7.0 0.84 £ 0.1 18.93 £ 6.5 1729+ 738 0.64 £ 0.2 0.17 £ 0.1
p' 0.753 0.942 0.134 0.321 0.703 0.548
p> 0.657 0414 0.011 0.337 0.044 0.848

Notes: GLM multivariate, plots: p' for visit x treatment, p? for visit x type of drug.

Abbreviations: AD, approved drug; ALT, alanine transferase; AST, aspartate transferase; DB, direct (conjugated) bilirubin; GLM, general linear model; HGB, hemoglobin;

HTC, hematocrit; ID, investigational drug; MCV, mean corpuscular volume; RBC, red blood cell; TB, total bilirubin; WBC, white blood cell.
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Visual Acuity (VA) and Intraocular Pressure (IOP)
Baseline VA was similar between groups however, the
mean value for the hypotensive group was higher com-
pared with the antibiotic treatment (Bonferroni, p = 0.025,
95% CI [0.15, 3.04]). The type of drugs was not different
(p = 0.378), and the interaction (treatment x type of drug)
was also not significant (p = 0.109). The VA on the final
visit was different versus the baseline values (F, 161)=
6.021, p=0.015). The visit x treatment interaction was not
significant (p = 0.107) and the visit x type of drug inter-
action was not significant too (0.446), see Table 3.
Baseline IOP was similar between treatments; however,
the IOP from the hypotensive group was higher compared
with the antibiotic group (Bonferroni, p = 0.034, 95% CI
[0.073, 2.314]). The type of drug and the interaction between
treatments versus the type of drug was not different
(p-values: 0.644 and 0.402, respectively). On the final visit,
as expected, the IOP decreased significantly by 2.3 mmHg in
the hypotensive agent’s group (p = 0.0001), without differ-
ences between the type of drug (p = 0.210). The visit X
treatment interaction was significant (p = 0.0001) but visit
x type of drug and between-factors interactions were not
significant (0.210 and 0.692, respectively), see Table 3.

Fluorescein and Lissamine Green Staining

On the final visit, fluorescein staining was graded as absent
(grade 0, Oxford scale) for 77% and as minimal-to-mild
(grade I or II) for 23% of NHV exposed to lubricants.
Meanwhile, 87.5% and 89.7% were absent and 12.5%
and 10.3% were grade minimal for hypotensive and anti-
biotic treatments, respectively (Pearson Chi-square test,
p = 0.400). No differences were observed between the
factor type of drug on baseline and at the final visit
(p-values; 0.898 and 0.588). Similar percentages for LGS
were observed on the final visit, 79.3% were absent and
20.7% minimal-to-mild for lubricant, 85.4% absent and,
14.6% was minimal-to-mild for hypotensive, meanwhile,
93.1% was absent and 6.9% minimal for the antibiotic
group (p = 0.342). No differences were observed between
the factor type of drug on baseline and at the final visit
(p-values; 0.375 and 0.645), see Table 3.

Conjunctival Hyperemia and Chemosis

Similar findings were observed in the analysis of conjunc-
tival hyperemia; after the intervention time and compared
with baseline, there was no significant improvement in all
groups, it was graded as “trace to mild” hyperemia for
lubricant (32.1%), hypotensive (27.1%) and antibiotic

groups (6.8%) (Pearson Chi-square test, p = 0.078). The
type of drug was significant on baseline (p = 0.022), but
this finding was not retained in the final visit (p = 0.968).
Finally, no participants presented chemosis before or after
their respective treatments, see Table 3.

Adverse Events

A total of 205 AE occurred in 59.6% of NHV (99/166). The
hypotensive group had a higher incidence of AE than that the
other treatments (Pearson Chi-square test, p = 0.0001). A total
of 65 AEs/39 NHVs were reported for lubricants (46.2% for
ID vs 53.8% in AD, p = 0.781), 117 AE/43 NHV for hypo-
tensive agents (47% for ID vs 53% in AD, p = 0.705), and 23
AE/17 NHV (56.5% for ID vs 43.5% in AD, p = 0.559) for
antibiotic drugs. The most common class of reported AE was
burning (30.7% [26.2%, 27.4%, and 60.9% in lubricant, hypo-
tensive and antibiotic treatments, respectively]), followed by
conjunctival hyperemia (11.7% [19.7% and 4.3% in hypoten-
sive and antibiotic treatments]), and itching (10.7% [15.4%,
6.8%, and 17.4% in lubricant, hypotensive and antibiotic
treatments, respectively]), see Figure 1. There were a total of
201 mild AE (98% of the total AE), 3 moderates (1.4%), and
one serious AE (0.5%, ocular hypotonia), without differences
between treatments (p = 0.667). Only 14.6% of the AE were
deemed unrelated to the study medication. No deaths were
reported. The logistic regression (used to calculate ORs),
found that in lubricant trials, the ID had a lower risk of
incidence of AE than AD, OR 0.856, 95% CI, [0.365,
1.999]. Similar results occurred in hypotensive drugs, OR
0.636, 95% CI, [0.096, 4.197], nevertheless for antibiotic
drugs, the risk of incidence for ID was higher than AD, OR
1.313, 95% CI, [0.309, 5.583]. For all groups, no differences
between the risk for occurrence of AE in ID versus AD were
observed, OR 1.008, 95% CI, [0.541, 1.887].

Secondary Endpoints

Satisfaction

Burning, itching, and FBS, were considered the parameters
to evaluate discomfort. In all studies, lubricants and anti-
biotics were well tolerated. At the final visit, “burning
sensation” was reported in 22.6% NHV for lubricants
and 27.6% for the antibiotic group (Pearson Chi-square
test, p = 0.321). No significant differences were observed
between types of drugs in each treatment (p > 0.05).
Findings were similar for itching between treatments:
28.3% for lubricant and 17.2% for the antibiotic group
reported itching at the final visit (p = 0.537). For each
treatment, there were no differences between ID and AD

Therapeutics and Clinical Risk Management 2021:17

1129

Dove:


https://www.dovepress.com
https://www.dovepress.com

Munoz-Villegas et al

Dove

Lubricant

AE

B Bitter-taste
B Blurry vision
[JBurning
.Conjunctival
hyperemia
DConjuncti_vaI
Hyperemia
BDryness
EHeadache
[Clitching
[ Other AE
M Other ocular-AE
OPain

CTearing ID

AE= 30 (46.2%)

AE= 35 (53.8%)

Hypotensive Antibiotic

T

AE= 62 (53%)  AE= 10 (43.5%)

v~

AE= 55 (47%) AE= 13 (56.5%)

Figure | Incidence of adverse events (AE) in 166 NHV for approved drugs (AD, upper polar graphs) and investigational drugs (ID, lower polar graphs). A total of 205
adverse events were presented in 59.6% NHV (99/166). For another AE the incidence was <2%. Presence of AE in hypotensive drugs > lubricant and antibiotic drugs, Chi

square test, p = 0.0001.

(p-values; 0.240 and 0.681). Additionally, only 15.1% of
NHYV exposed to lubricants reported FBS at the final visit
(Fisher exact test, p = 0.046); however, these findings were
not statistically different in the analysis between types of
drugs (p = 1.000). Finally, compared to baseline, there was
a significant increase in conjunctival goblet cell density
(304.59 = 143.7 cell/mm?® vs 349.81+ 125.2 cell/mm?, p =
0.015) by the final visit in the lubricants group. At base-
line, 37.7% NHVs were classified as having normal CIC
grade-0 (classification of Nelson), by the final visit, 39.6%
had grade 0, without significant differences (p = 0.234).
No significant differences were observed between type of
drugs on baseline and final visit (p > 0.05). There was
a negative association between goblet cell density and CIC
grading score, t = —0.778, p < 0.001.

Discussion

Phase 1 trial participants are typically healthy volunteers
who pass health screenings and have no identifiable med-
ical conditions related to the investigative drugs.’

Additionally, because these volunteers are in “good

health”, they gain no direct medical benefit from research
participation; also, they are typically recurring participants
enrolling serially in phase 1 trials.?’ The main purpose for
executing phase 1 trials is to evaluate a drug’s safety, with
a low risk of originating numerous and/or severe AEs in
unaffected parties. Participating in such trials requires
every NHV to report any symptoms experienced during
the study in order to identify all the adverse events poten-
tially related to the ID.? In this case, the six trials included
were comparative studies with the approved counterpart of
each ID, therefore allowing the confirmation of previously
described AE or the addition of newly discovered unfavor-
able related symptoms. More so, evaluating the tolerability
of such ophthalmic products in NHV may translate to
a clinically and statistically significant conjecture on how
the symptoms associated to their application may affect
the user’s adherence and consequently their efficacy once
they are commercialized.

The OCI was selected to evaluate tolerability since it
provides a valid measurement on the basis of Rasch ana-
lysis, more so than other questionnaires like the Ocular
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Surface Disease Index (OSDI) or McMonnies. However,
all these tools have shown weak correlations with objec-
tive dry eye disease clinical tests like VA, tear break-up
time or corneal fluorescein staining.”* Because of this, it is
advisable to use both subjective and objective markers as
endpoints in clinical trials for ophthalmic lubricants. On
the other hand, topical hypotensive agents, of any drug
families available today, characterize themselves for giv-
ing rise to ocular surface symptoms in a more prevalent
and severe fashion than other ophthalmic products.® This
study confirms this presumption as shown by the decrease
in OCI scores by the final visit of NHVs in the hypoten-
sive agents’ group, being this decrease significantly lesser
for them in comparison to those in the antibiotics and
lubricants  groups (40.4%, 73.7%, and 75.9%,
respectively).

For other variables regarding ocular surface evaluation,
such as hyperemia, NHVs exposed to hypotensive agents
and lubricants did not present a statistically significant
difference (27.1% and 32.1%, respectively), whereas the
antibiotic group presented a lower incidence (6.8%). Both
fluorescein and lissamine green staining did not show
a difference when comparing basal and final visits for
any type of medications.

A total of 205 AE in 99 NHVs (59.6%; 99/166) were
reported. For the hypotensive agents’ group 117 AE were
43 NHVs (98.3%

a significantly greater number than that of lubricants and

present in considered mild),
antibiotics (p = 0.0001). As shown in Figure 1, for every
group of medications, there was no difference between ID
and AD groups (lubricants, p = 0.781; hypotensive agents,
p = 0.705; antibiotics, p = 0.559). However, it is relevant
to point out that for the ocular hypotensive agents’ group,
all the studied variables were also considered AE; whereas
for the lubricants and antibiotics groups the AE and the
findings of the ophthalmological explorations were ana-
lyzed separately in the original trials. It is also worth
mentioning that none of the total moderate (3) AE were
considered related to the use of the studied ophthalmic
products. Concerning the only reported severe AE, as
expected with the hypotensive agents, the IOP decreased
significantly in one NHV who experienced a decrease of
~8 mmHg. However, by the final follow-up visit, this
parameter had normalized, and no safety additional issues
were raised. Similarly, decrease in IOP has been observed
in other phase 1 trials where NHV receiving hypotensive
agents like beta-blockers or prostaglandin analogues also

reported a significant IOP drop.>*?*

The VS are fundamental to assess any drug’s general
safety profile because they are objective measurements of
essential physiological functions. Even though the sys-
temic effects of ophthalmic solutions are rare, some com-
pounds have been reported to cause systemic alterations
after absorption into the bloodstream, particularly those
used to lower de IOP since their mechanism of action
may influence receptors in the cardiovascular and pul-
monary systems. Blood pressure, heart, and respiratory
frequencies were measured. Basal values were normal,
and by the final visit, there were no clinical or statistically
significant differences, observing only a slight raise in
HR, SBP, and DBP (0.6%, 7.3%, and 1.8%, respectively).
Despite the reported potential variations of VS after
instillation, NHV exposed to hypotensive agents pre-
sented an increase of DBP equivalent to a significant
p = 0.006, while the rest of the parameters being either
equal or lower than those belonging to the other two
study groups.

Regarding the laboratory evaluations, some partici-
pants were considered to suffer transaminitis and were
considered to present an AE for such results. However, it
is important to mention that none of those NHVs had any
other related signs or symptoms, and that all cases remitted
within the 7-day follow-up without clinical relevance.
Furthermore, a slight increment of ALT (10% above de
ULN value) and AST or bilirubin (20% above the ULN
value) has been reported in the literature as acceptable as
long as no other signs or symptoms of apparent disease are
present.”® It has also been reported that ALT elevation
above the ULN can occur in participants of Phase I trials
with no history of significant disease being treated only
with placebo. Out of the volunteers receiving placebo for
14 days, 20% reported at least one value between one and
two times the ULN value, and some even obtained values
higher than twice the UNL. The probability of having an
increased value raises with repeated measurements.'® Such
increments in healthy participants can be explained by
genetic polymorphisms, intraindividual short-term (1-7
days) and long-term variations, weight, body mass index,
age, sex, physical activity and maintained calorie
intake.'%26-28 Hence, the results of transaminases in
phase 1 trials should be analyzed. and interpreted carefully
to avoid misdiagnosed hepatotoxicity.'®

Finally, goblet cell density was evaluated for the lubri-
cant group, and an increase, though not statistically sig-

nificant, was observed. This increase coincides with
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reports portrayed in other studies and may translate in
a clinically meaningful enhancement.

Summarizing, all the data analyzed in this study, from the
subjective OCI questionnaire to the objective evaluation of
ophthalmological variables, systemic examinations and
laboratory results, ascertains that ophthalmic medications
from three different pharmaceutical families are safe and
tolerable when applied on the ocular surface of healthy volun-
teers. No new adverse events were detected beyond those
previously described in the literature for each group; however,
for both lubricants and hypotensive agents, the investigative
drugs proved to have a lesser risk to produce adverse events, in
comparison to their approved counterparts.'*

Even when the clinical relevance of phase 1 studies
may be questioned and therefore their publication is unfor-
tunately often relegated, the public availability of the
information compiled in such studies entails ethical and
methodical grounds to justify their issuance. Regardless of
the final results of phase 1 trials, both negative and posi-
tive outcomes should be accessible for ethics committees,
final users and the scientific community in general since
indication and treatment options may be affected by the
adverse events described in this stage of development of
any formulation. Within the context of any given diagno-
sis, social and economic considerations, comorbidities,
etc., the data collected in phase 1 studies could translate
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into significant outcomes for a particular patient’s adher-
ence to treatment and quality of life, for example.

Several reviewers have previously assessed the safety
of research studies and publication bias, but none have
focused on phase 1 trials for ophthalmology drugs.'*'**’
After a reviewed cohort of available studies in the litera-
ture, the analyzed database included ophthalmology phase
1 clinical trial protocols (clinicaltrials.gov, searched to
February 2021), and published phase 1 controlled trials
as scientific papers (PubMed, searched to February 2021).
A total of 95 eligible controlled clinical trials for ophthal-
mic drugs, that enrolled NHV were found. Among these
complete trials, 18 had available results (18.9%). On the
secondary cohort, a total of 266 clinical trials were pub-
lished as scientific papers. Out of the 33 studies with NHV
(12.4%), 29 are available, see Figure 2.

This study had several limitations. First, the data pre-
sented belonged to NHV under pharmacological treatment,
but no participants assigned to placebo were included.
This means that interpretations of safety and tolerability
may be biased.>* Second, due to ethical reasons, the trials
included in this study were executed following a single
dose/concentration schedule, in order to reduce the unne-
cessary risk of possible harm, especially since the active
ingredients are known compounds and their posology has
already been established. However, despite these limita-
tions, the overall strength of our statistical analyses and the
data management allowed mitigation of these risk
perceptions.

Conclusion

In conclusion, phase 1 clinical trials of ophthalmologic
medications provide meaningful information with a small
risk of yielding any severe or long-lasting adverse events.
Furthermore, it was also demonstrated that the instillation of
ID is as safe and tolerable as that of AD in NHV. Safety and
tolerability profiling can not only protect future patients of
deleterious local or systemic signs or symptoms induced by
ophthalmic drugs but also assess the tolerability associated
with them and therefore their potential effectiveness both
through their actions on the ocular surface and the prospec-
tive adherence for medium and long-term treatment periods.
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