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Abstract
Chronic pain represents a significant unmet medical need, affecting one-fifth of 
the U.S. population. EC5026 is a small molecule inhibitor of the enzyme solu-
ble epoxide hydrolase (sEH) which is being developed as a novel non-opioid, 
non-NSAID analgesic. EC5026 prolongs the action of epoxy fatty acids, endog-
enous analgesic lipid mediators that are rapidly metabolized by sEH. We evalu-
ated the safety and pharmacokinetic profile of EC5026 in two phase I trials, a 
single-ascending dose (SAD) study and a fed-fasted study. The SAD study evalu-
ated EC5026 doses ranging from 0.5 to 24 mg in healthy volunteers. EC5026 was 
well tolerated. No treatment-emergent adverse events were considered related 
to EC5026. No apparent treatment- or dose-related trends in laboratory results, 
vital signs, physical examinations, or electrocardiograms were observed. A lin-
ear, near-dose-proportional increase in exposure was observed with progressive 
doses in the SAD study; plasma exposure was below or near the lower limit of 
quantification after 0.5–2 mg doses. Mean half-lives ranged from 41.8 to 59.1 h. for 
doses of 8–24 mg, supporting a once-daily dosing regimen. In the fed-fasted study 
using 8 mg EC5026 tablets, higher peak concentrations (66%) and total exposures 
(53%) were observed under the fed condition. Plasma concentrations declined in 
a monoexponential manner with mean half-lives of 59.5 h. in the fed state and 
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INTRODUCTION

Recent national studies have shown that chronic pain af-
fects an estimated 20.4% of United States adults1 and is as-
sociated with a high disease burden for both the individual 
and society.2,3 Currently available treatments often show 
only modest efficacy associated with dose-limiting and/or 
serious adverse effects.3–6 More than half of patients suf-
fering from chronic pain do not achieve satisfactory pain 
relief. As a result, opioids are often prescribed to manage 
symptoms, which may be associated with the risks of opi-
oid misuse, side effects, and addiction.7–9 Therefore, there 
is an unmet medical need for new, highly effective, and 
safer non-opioid analgesic drugs for use in chronic pain 
conditions.

Epoxygenated fatty acids formed from polyunsatu-
rated fatty acids by cytochrome P450 enzymes, known 
as epoxy fatty acids (EpFAs), are potent endogenous 

analgesics.10–12 EpFAs are produced biologically at effi-
cacious local concentrations in areas of tissue damage 
and inflammation but are rapidly metabolized by an 
enzyme named soluble epoxide hydrolase (sEH) into 
inactive or pro-inflammatory compounds.13 Inhibition 
of sEH activity prolongs the ability of EpFAs to exert 
their natural analgesic and inflammation-resolving ac-
tivity. In fact, pharmacologic inhibition of the sEH has 
shown efficacy for the treatment of severe neuropathic 
and inflammatory pain in preclinical models10,14–16 in-
cluding natural onset equine laminitis pain17 and osteo-
arthritis pain in beagles.10 Potent and effective synthetic 
sEH inhibitors represent a completely new approach to 
analgesic pharmacotherapy, with a unique mechanism 
of action and a target that is different from all available 
pain therapeutics.

EC5026 (Figure  1) is a potent and selective inhibi-
tor of sEH in multiple mammalian species that is under 

66.9 h. in the fasted state. Future clinical trials using EC5026 for the treatment of 
pain are justified based on the favorable outcomes from both clinical trials along 
with preclinical evidence of analgesic activity.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Soluble epoxide hydrolase inhibitors (sEHI) have shown promising antinocicep-
tive profiles in both experimental and pathological (natural onset) inflammatory 
and neuropathic pain in rodents, dogs, cats, and horses. EC5026 is the first sEHI 
to be selected for clinical development as a novel non-opioid analgesic.
WHAT QUESTION DID THIS STUDY ADDRESS?
These first-in-man clinical studies were designed to evaluate the safety, pharma-
cokinetics, and food effect of single-dose exposures of EC5026 in humans.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
The two phase Ia clinical trials reported here show that EC5026 has a small (sta-
tistically significant but clinically insignificant) food effect. Cmax and AUC0-48 
were increased by 66% and 53% in the fed state; the half-life was essentially un-
changed at ~ 2–2.5 days. These data show that EC5026 may be suitable for once-
daily administration in future clinical trials without regard to fed vs. fasted state. 
No treatment-emergent adverse events related to EC5026 were observed in either 
study at doses that are anticipated to substantially exceed the anticipated thera-
peutic dose range in humans.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
Based upon animal studies and limited human studies performed to date with 
EC5026 and other sEHI, these data suggest that sEHI may represent an entirely 
new class of non-opioid therapeutics for treating pain and other neurological 
disorders. Data from the current study support advancing EC5026 into multiple 
ascending dose (MAD) studies. If human efficacy studies confirm the analgesic 
potential of EC5026, this could add an entirely new method of treating acute and 
chronic pain in humans and animals.
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development by EicOsis Human Health as an oral analge-
sic.18,19 EC5026 has demonstrated potent analgesia and a 
favorable dose–response relationship in two rodent neu-
ropathic pain models,18,20 providing a strong pharmaco-
dynamic rationale for studying EC5026 in patients with 
neuropathic pain.

The pharmacokinetics (PK) of EC5026 was charac-
terized in rats and dogs as single intravenous (iv) and 
oral doses (Data on File, IND 142,184; EicOsis Human 
Health). When dosed in a polyethylene glycol (PEG) 300 
or PEG 400 vehicle or in hot melt extrusion (HME) tablet 
form, EC5026 has good oral absorption and bioavailabil-
ity. Following oral administration in PEG 300, EC5026 
was absorbed rapidly with maximum plasma concentra-
tion (Cmax) occurring at 2–3 h in both rats and dogs. The 
bioavailability was 96% in rats. In dogs, the bioavailability 
was estimated to be about 60% in one study, and 59%–75% 
in another study using 100% PEG 400 as the vehicle for 
oral dosing. Based on these data, good bioavailability of 
EC5026 is also expected in humans.

EC5026 did not significantly inhibit human CYP1A2, 
CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP2C8, or 
CYP3A4 at its limit of solubility.18 Similarly, EC5026 did 
not induce human CYP1A2, CYP2B6, or CYP3A4 in vitro 
in human hepatocytes at clinically relevant concentrations. 
Additionally, in vitro data suggest that at 10 μM EC5026 is 
not an inhibitor of P-gp, OCT1, MATE2-K, MRP1, MPR1, 
MPR3, OAT1, OCT2, BSEP, NTCP, OATP1B1, or MATE1.18 
EC5026 inhibited BCRP, OATP1B3, and OAT3 with IC50 
values of 1.4, 5.8, and 9.1 μM, respectively. EC5026 is not 
a substrate of the OATP1B1 and OATP1B3 but is likely a 
substrate of human P-gp and BCRP. Considering the high 
permeability of EC5026 (in vitro and in non-clinical spe-
cies), the impact of P-gp and BCRP inhibition on EC5026 
exposure is expected to be limited. These data suggest the 
potential for drug–drug interactions in clinical trials is 
low; however, because EC5026 is metabolized by CYP3A4 
and inhibits BCRP at clinically significant concentrations, 
medications and natural products that are classified as 
moderate-strong CYP3A4 inhibitors and inducers, and 
compounds that have a narrow therapeutic index and 
are eliminated by BCRP, are excluded from initial clinical 
studies.

Safety pharmacology studies with EC5026 in rats and 
dogs have not identified any central nervous system, 

respiratory, or cardiovascular adverse risks. Notably, un-
like opioid analgesics, sEH inhibition has shown no ev-
idence thus far of tolerance, dependence, or addiction 
liability with chronic exposure in animals.18,21,22

Here we report the findings of two first-in-human 
phase Ia clinical trials in healthy volunteers designed 
(a) to investigate the safety, tolerability, and pharmaco-
kinetics (PK) of EC5026 drug substance dissolved in 80% 
PEG 400/20% PEG 3350 and filled into hard gelatin cap-
sules, and (b) to evaluate potential food effects on PK 
and safety in a single-dose fed-fasted study using HME 
solid tablets suitable for commercial use.

METHODS

Two phase Ia clinical trials, an SAD study (NCT04228302) 
and a fed-fasted study (NCT04908995), were conducted in 
accordance with International Council for Harmonization 
Good Clinical Practice guidelines and ethical principles 
from the Declaration of Helsinki. Study protocols were re-
viewed and approved by an investigational review board, 
and informed consent was obtained from each participant 
prior to entering the study. Both studies were conducted 
at a single clinical research unit (Austin Clinical Research 
Unit – PPD Phase I Clinic; Austin, TX 78744).

SAD study (EC5026-1-01): Dose selection; 
overall clinical design

Study EC5026-1-01 was a phase Ia, SAD first-in-human 
trial. It was a randomized, double-blind, placebo-
controlled study to investigate the safety, tolerability, 
and PK of EC5026 in healthy male and female partici-
pants. Five cohorts with 8 participants each were en-
rolled. The starting oral dose of EC5026 was 0.5 mg, 
based in part on analgesic efficacy studies in two differ-
ent neuropathic pain models in rats [chronic constric-
tion injury (CCI) and chemotherapy-induced peripheral 
neuropathy (CIPN) efficacy at 0.3–3 mg/kg orally]18,20 
and an oral No Observed Adverse Effect Level (NOAEL) 
of 5 mg/kg/day in rats [the most sensitive species from 
28-day Good Laboratory Practice (GLP) safety studies]. 
We established an ~20-fold safety factor for the start-
ing dose using allometric conversions of rat to human 
doses following recommendations from the Food and 
Drug Administration (FDA).23 A priori planned doses 
for subsequent cohorts were 2, 8, 16, and 32 mg, with 
an optional dose of 48 mg. The doses were escalated in 
a stepwise fashion following acceptable safety and toler-
ability reviews of the preceding dose(s) as determined 
by a Safety Review Committee (SRC). According to the 

F I G U R E  1   EC5026 chemical structure. Ref. [18]
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PK stopping criteria established based on animal safety 
data, the SRC agreed to a final 5th dose level of 24 mg. 
Therefore, the optional cohort 6 at a dose of 48 mg was 
not enrolled in this study.

Separate groups of healthy volunteers were enrolled 
in each cohort, aiming at an approximately equal num-
ber of male and female participants per cohort (Table 1). 
In each cohort, 6 participants were randomly assigned 
to receive EC5026 and 2 participants received placebo. A 
blinded sentinel group of 2 participants (one active and 
one placebo) was dosed before the remaining 6 partici-
pants (5 active and one placebo). Blinding was maintained 

throughout the study by using active and placebo capsules 
of similar appearance.

Qualifying participants were admitted to the clini-
cal trial site (Day −1) and received a single oral dose of 
EC5026 or placebo on the following day (Day 1). The 
study participants remained on the site until Day 5 and 
were monitored for safety and PK assessments at assigned 
intervals throughout the in-house study period. After 
discharge, participants returned for follow-ups of safety 
and additional blood draws on Day 7 and Day 14 (end-
of-study). The study schema for each individual cohort is 
available in the supplemental material (Figure S1).

T A B L E  1   Demographic characteristics of single-ascending dose (SAD) study.

EC5026
Pooled 
placebo 
(N = 10) Total (N = 40)

0.5 mg 
(N = 6) 2 mg (N = 6) 8 mg (N = 6) 16 mg (N = 6) 24 mg (N = 6)

Age (years)

Mean (SD) 41.2 
(11.02)

36.8 (12.70) 37.8 (16.53) 40.7 (12.42) 37.8 (6.43) 41.9 (12.40) 39.6 (11.66)

Minimum, 
maximum

30, 58 20, 58 26, 62 25, 53 29, 46 22, 57 20, 62

Sex, n (%)

Male 4 (66.7) 3 (50.0) 2 (33.3) 2 (33.3) 2 (33.3) 5 (50.0) 18 (45.0)

Female 2 (33.3) 3 (50.0) 4 (66.7) 4 (66.7) 4 (66.7) 5 (50.0) 22 (55.0)

Race, n (%)

White 3 (50.0) 3 (50.0) 3 (50.0) 5 (83.3) 6 (100.0) 6 (60.0) 26 (65.0)

Black or African 
American

3 (50.0) 3 (50.0) 3 (50.0) 1 (16.7) 0 4 (40.0) 14 (35.0)

Ethnicity, n (%)

Hispanic or Latino 2 (33.3) 1 (16.7) 2 (33.3) 3 (50.0) 5 (83.3) 4 (40.0) 17 (42.5)

Not Hispanic or 
Latino

4 (66.7) 5 (83.3) 4 (66.7) 3 (50.0) 1 (16.7) 6 (60.0) 23 (57.5)

Height (cm)

Mean (SD) 173.75 
(13.1)

169.88 (10.8) 162.40 (5.4) 164.88 (12.0) 167.20 (10.7) 171.08 (13.9) 168.49 (11.5)

Minimum, 
maximum

161.6, 
194.2

152.6, 183.9 157.6, 172.4 152.8, 186.8 155.1, 184.4 153.8, 190.1 152.6, 194.2

Weight (kg)

Mean (SD) 76.88 
(8.8)

73.95 (19.0) 67.12 (5.9) 65.85 (10.5) 68.20 (8.7) 78.10 (11.2) 72.33 (11.8)

Minimum, 
maximum

60.7, 
85.6

53.7, 101.7 57.2, 73.6 53.3, 81.9 58.4, 78.9 59.9, 96.9 53.3, 101.7

Body mass index (kg/m2)

Mean (SD) 25.85 
(5.16)

25.30 (3.97) 25.45 (1.70) 24.23 (2.93) 24.40 (2.03) 26.74 (2.95) 25.47 (3.21)

Minimum, 
maximum

20.5, 
31.7

19.9, 30.1 22.3, 26.8 20.9, 28.5 22.0, 27.6 21.2, 30.9 19.9, 31.7

Note: All percentages are based on the safety population within each treatment and overall.
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Fed-fasted study (EC5026-1-03): Dose 
selection; overall clinical design

Study EC5026-1-03 was a phase Ia, single-center, double-
blind, placebo-controlled, single-dose, fed-fasted, crosso-
ver study to investigate the safety, tolerability, PK, and 
food effects on the PK after a single oral 8 mg dose of 
EC5026 in healthy male and female volunteers. The study 
was planned to have a single cohort of 18 participants, 
with approximately equal numbers of male and female 
participants.

The study comprised a screening period and 2 dosing 
periods (one in the fed state and one in the fasted state) 
consisting of an inpatient stage (Day −1 to Day 4) and 
a follow-up stage (up to 28 days). Eligible participants 
were admitted on Day −1 of Dosing, Period 1, and ran-
domly assigned at a ratio of 2:1 to active: placebo prior 
to dosing on Day 1. Within the EC5026 treatment group, 
participants were randomized 1:1 to one of 2 dosing 
sequences: Dosing Sequence A (dosed in a fed state in 
Dosing Period 1 and in a fasted state in Dosing Period 
2) or Dosing Sequence B (fasted state in Dosing Period 
1 and fed state in Dosing Period 2). Participants in the 
placebo group were also randomized 1:1 in a fed: fasted 
state in Dosing Period 1 (to maintain the double-blind 
during Dosing Period 1) but did not return to the study 
site for dosing in Dosing Period 2. Dosing Period 2 was 
conducted on an unblinded basis, as only participants 
randomized to receive the active study drug returned to 
complete the fed-fasted crossover trial.

In fasted conditions, the oral dose of EC5026 or placebo 
was administered with 240 mL of water following an over-
night fast of at least 10 h. Additional water was allowed 
ad libitum except for 1 h before and after the administra-
tion of the drug. The study subjects did not consume any 
food for at least 4 h after the dose.

In fed conditions, following an overnight fast of at least 
10 h, the study subjects started the recommended high-
fat breakfast meal 30 min before the drug administration. 
Study subjects completed this meal in 30 min or less. The 
oral dose of EC5026 or placebo was administered with 
240 mL of water. Additional water was allowed ad  libi-
tum except for 1 h before and after drug administration. 
The study subjects did not consume any food for at least 
4 h after the dose. Composition of the high-fat breakfast 
meal is based on FDA recommendations and is provided 
in Appendix S1.

Each dosing period consisted of a day for check-in 
(Day −1), a day for investigation drug administration 
(Day 1), an inpatient dosing and observation period (Days 
from 1 to 4), follow-ups (Days from 5 to 21 for Dosing 
Period 1 and Days from 5 to 14 for Dosing Period 2), and 
a visit for the end-of-study (Day 21 of Dosing Period 1 

for participants receiving placebo and Day 28 of Dosing 
Period 2 for participants receiving EC5026). There was a 
3-week washout period between the two dosing periods, 
starting on Day 1 of Dosing Period 1. The study schema is 
available in (Figure S1).

The end-of-study visit for subjects in the placebo 
treatment groups was on Day 21 (Period 1). Subjects 
in the placebo treatment groups did not return to the 
study site for Period 2. Subjects in the EC5026 treat-
ment groups continued to Period 2 on Day 21 (Period 1), 
which was considered Day −1 in Period 2. The end-of-
study visit for subjects in the EC5026 treatment groups 
was on Day 28 (Period 2).

To assess the impact of food on Cmax and AUC pa-
rameters, a linear mixed-effect model was fitted to ln-
transformed data with treatment, sequence, and period 
as fixed effects and subject within sequence as a random 
effect. Fed/Fasted ratios were presented as percentages. 
Nonparametric methods (Wilcoxon signed-rank test) 
were used to examine the differences in Tmax for EC5026 
between fed-fasted conditions. The Hodges-Lehmann es-
timate and its 90% CI were calculated for the median dif-
ference between treatments, and a p-value was generated 
by the Wilcoxon signed-rank test.

Participant eligibility

Healthy male and female participants aged 18–70 years 
were enrolled in these studies. A full listing of Inclusion 
and Exclusion Criteria is provided in Appendix S1.

Study assessments

Safety and tolerability assessments included monitor-
ing and recording of adverse events (AEs), vital sign 
measurements, clinical laboratory results (hematology, 
coagulation, serum chemistry, and urinalysis), 12-lead 
ECGs results, ECG telemetry, and physical examination 
findings. All AEs reported during the study were listed, 
documenting course, severity, relationship to the study 
drug and outcome. AEs were coded using MedDRA 
Version 22.1. Additional exploratory safety assessments 
were included in the fed-fasted study, as described in 
Appendix S1.

For the phase Ia SAD study, blood samples for the de-
termination of plasma concentrations of EC5026 were 
collected at the following time points: pre-dose (0 h), and 
at 1.25, 2.25, 4.25, 6.25, 8.25, 12.25, 24, 36, 48, 72, 84, 96, 
and 108 h after dosing. Additional blood samples were 
obtained on Day 8 and Day 14, or at early termination. 
For the Fed-Fasted study, blood samples were obtained at 
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pre-dose (0 h), and at 0.5, 1.25, 2.25, 4.25, 6.25, 8.25, 12.25, 
24, 36, 48, 72, 84, 96, and 108 h after dosing. Additional 
blood samples were obtained on Day 6, Day 8, Day 10, and 
Day 14, or at early termination.

Urine samples from the phase Ia SAD study were col-
lected for analysis of EC5026 before dosing and 0–8 h, 
8–16 h, 16–24 h, 24–32 h, 32–40 h, and 40–48 h after 
dosing.

PK samples were analyzed using a validated liquid 
chromatography coupled with tandem mass spectrometry 
assay for EC5026 in human plasma and urine.24 Plasma 
and urine concentration–time data for EC5026 were an-
alyzed by non-compartmental analysis to determine PK 
parameters for the SAD study.

Statistical methods

Sample sizes for both studies were based on clinical and 
practical considerations and not on a formal statistical 
power calculation.25,26 The safety population included all 
participants who received a single dose of EC5026. The PK 
population included participants who received a single 
dose of EC5026 and had sufficient concentration data to 
support an accurate estimation of at least one PK param-
eter. Participants were excluded from the PK population 
when there were fewer than three quantifiable plasma 
samples.

Non-compartmental PK analyses were performed 
using Phoenix® WinNonlin® software version 8.0 (Certara 
USA, Inc., Princeton, NJ); statistical analyses of safety 
data were performed using SAS software version 9.4 (SAS 
Institute, Cary, North Carolina).

Detailed methods are available in Appendix S1.

RESULTS

Study population

SAD study

Forty healthy male and female volunteers were rand-
omized (3:1, EC5026:placebo) and completed the study 
treatment between December 10, 2019, and July 3, 2020. 
One participant discontinued the study before complet-
ing follow-up due to a coronavirus infection (COVID-19) 
that was considered mild and was diagnosed during the 
outpatient follow-up period. Overall, 55% of the study 
population was female and the mean age was 39.6 years 
(SD = 11.66 years, range 20–62 years). The majority of 
the participants were white (26/40; 65%) and 42.5% were 
Hispanic or Latino (17/40).

Fed-fasted study

Eighteen healthy male and female volunteers were 
enrolled. Due to a dosing error on Day 1 (Period 1), 2 
participants were randomized to receive placebo but re-
ceived EC5026 treatment. Both subjects were included 
in the PK analysis for the active treatment. Fourteen 
participants (9 female and 5 male) were randomized to 
receive the active drug administered as an 8-mg single 
oral dose, and 4 participants (2 female and 2 male) were 
randomized to receive a placebo. Overall, 61% of the 
population was female and the mean age was 44.2 years 
(SD = 10.84 years, range 26–63 years). The majority were 
white (15/18; 83.3%) and 44.4% were Hispanic or Latino 
(8/18).

The demographic characteristics of study participants 
for each study are summarized in Tables 1 and 2.

Safety and tolerability

SAD study

Single doses of 0.5, 2, 8, 16, and 24 mg EC5026 were well 
tolerated. Overall, 19 of 40 participants (47.5%) reported 
at least one treatment-emergent adverse event (TEAE) 
during the study (Table 3). No TEAE was considered re-
lated to the study treatment. The most common TEAEs 
were dermatitis related to ECG electrode placement 
(12/40; 30.0%) followed by headache (3/40; 7.5%). With 
the exception of two TEAEs of medical device site der-
matitis that were considered to be of moderate intensity, 
all TEAEs were mild in severity. No severe AEs were re-
ported during the study. With the exception of one TEAE 
(ventricular extrasystoles) that was considered mild and 
not related to the study drug, all TEAEs were resolved 
by the end of the study. No apparent treatment- or dose-
related trends were observed in clinical laboratory test 
results (hematology, coagulation, serum chemistry, or 
urinalysis), vital sign measurements, physical examina-
tion findings, or 12-lead ECG results.

A detailed listing of AEs from the SAD study is pro-
vided in Table S1.

Fed-fasted study

A single oral dose of 8 mg EC5026 administered in tablet 
form was well tolerated in the study participants in both 
fasted and fed states. Three of 18 participants (16.7%) re-
ported at least one TEAE during the study (Table  4). No 
TEAE was considered related to study treatment. The re-
ported TEAEs were photophobia (1/18; 5.5%), injection site 
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reactions following adrenocorticotrophic hormone (ACTH) 
stimulation test (1/18; 5.5%), urinary tract infection (1/18; 
5.5%), and headache (1/18; 5.5%). All TEAEs were mild 
in severity and resolved. Therefore, no participants were 
discontinued from the study due to a TEAE. No apparent 
treatment-related trends in clinical laboratory test results 
(hematology, coagulation, serum chemistry, or urinalysis), 
vital sign measurements, physical examination findings, or 
12-lead ECG results were observed.

A detailed listing of AEs from the fed-fasted study is 
provided in Table S2.

Pharmacokinetics

SAD study

Following single oral dose administration of EC5026, 
peak plasma concentrations were rapidly reached with 

the median time to maximum concentration (Tmax) of 
1.25 hours across all dose groups. Thereafter, plasma con-
centrations declined slowly (mean terminal half-lives of 
~2.6 days as indicated above); PK values were recorded 
through 14 days after dosing. Plasma concentrations fol-
lowing 0.5 mg of EC5026 were below the limit of quan-
tification for all participants at all time points. For two 
participants in the EC5026 2 mg dose group, plasma con-
centrations were quantifiable in fewer than three samples. 
These participants were excluded from the PK population 
by study design. Mean plasma concentrations of EC5026 
vs. time are presented in Figure S2 in the Supplemental 
Material.

Geometric mean peak (Cmax) and total (AUC0–t) exposures 
increased with increasing doses from 2 to 24 mg (Table 5). At 
the 2 mg dose level, plasma exposures were highly variable 
due to concentrations being near the lower limit of quanti-
fication with geometric coefficient of variation (CV) values 
of 45.8% (Cmax) and 145.4% (AUC0–t). For the dose range of 

T A B L E  2   Demographic characteristics of fed-fasted study.

EC5026 (8 mg) Placebo

Total (N = 18)

Sequence A Sequence B Sequence A Sequence B

(N = 7) (N = 7) (N = 2) (N = 2)

Age (years)

Mean (SD) 47.4 (13.02) 40.6 (9.22) 37.5 (7.78) 52.0 (5.66) 44.2 (10.84)

Minimum, maximum 26, 63 31, 56 32, 43 48, 56 26, 63

Sex, n (%)

Male 2 (28.6) 3 (42.9) 1 (50.0) 1 (50.0) 7 (38.9)

Female 5 (71.4) 4 (57.1) 1 (50.0) 1 (50.0) 11 (61.1)

Race, n (%)

White 7 (100.0) 5 (71.4) 2 (100.0) 1 (50.0) 15 (83.3)

Black or African American 0 1 (14.3) 0 1 (50.0) 2 (11.1)

Asian 0 1 (14.3) 0 0 1 (5.6)

Ethnicity, n (%)

Hispanic or Latino 4 (57.1) 4 (57.1) 0 0 8 (44.4)

Not Hispanic or Latino 2 (28.6) 3 (42.9) 2 (100.0) 2 (100.0) 9 (50.0)

Not Reported 1 (14.3) 0 0 0 1 (5.6)

Height (cm)

Mean (SD) 162.01 (8.4) 166.49 (8.5) 175.55 (4.3) 173.70 (3.5) 166.91 (8.6)

Minimum, maximum 153.1, 1 73.3 154.9, 177.1 172.5, 178.6 171.2, 176.2 153.1, 178.6

Weight (kg)

Mean (SD) 70.21 (11.4) 73.87 (12.3) 78.05 (5.7) 82.55 (13.5) 73.88 (11.3)

Minimum, maximum 56.3, 86.9 54.5, 94.4 74.0, 82.1 73.0, 92.1 54.5, 94.4

Body mass index (kg/m2)

Mean (SD) 26.40 (3.41) 26.54 (3.04) 25.30 (0.57) 27.30 (3.39) 26.43 (2.88)

Minimum, maximum 22.6, 30.7 22.7, 30.8 24.9, 25.7 24.9, 29.7 22.6, 30.8

Note: All percentages are based on the safety population within each treatment and overall. Sequence A represents Fed-Fasted sequence; Sequence B represents 
Fasted-Fed sequence.
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8–24 mg, there was low-to-moderate variability in plasma 
exposures with geometric CV values ranging from 11.1% to 
16.2% (Cmax) and 22.1%–28.4% (AUC0–t). The mean half-life 
(t1/2) was 143 h at the 2 mg dose level and decreased as the 
dose increased. The mean t1/2 values for the 8, 16, and 24 mg 
dose groups were 59.1, 44.8, and 41.8 h, respectively. Given 
that plasma concentrations for the 2 mg dose group were 
near the limit of quantification, the estimates for t½ at the 
two lowest doses should be viewed with caution. The mean 
apparent total body clearance (CL/F) and volume of distri-
bution (Vz/F) were similar across dose groups at 8–24 mg, 

with mean CL/F values ranging from 2.23 to 2.62 L/h and 
Vz/F values ranging from 146 to 178 L.

Exposure parameters (Cmax and AUC) increased in a 
greater-than-dose-proportional manner from 2 to 24 mg, 
and based on statistical analysis the 90% CI of the slope 
was not contained within the criteria for dose proportion-
ality (0.91, 1.09) for Cmax, AUC0–t, or AUC0–48 (Table  6). 
When considering only the dose range from 8 to 24 mg, 
exposure parameters (Cmax and AUC) of EC5026 increased 
in a near-dose-proportional manner (Table  6). Based on 
statistical analysis of dose proportionality for EC5026 

T A B L E  3   Treatment-emergent adverse events in phase Ia SAD study.

EC5026

Pooled placebo 
(n = 10)

Total 
(n = 40)

0.5 mg 
(n = 6)

2 mg 
(n = 6)

8 mg 
(n = 6)

16 mg 
(n = 6)

24 mg 
(n = 6)

n (%) n (%) n (%) n (%) n (%) n (%) n (%)

AE summary

Any AE 2 (33.3) 4 (66.7) 3 (50.0) 6 (100.0) 4 (66.7) 5 (50.0) 24 (60.0)

Any TEAE 2 (33.3) 4 (66.7) 2 (33.3) 4 (66.7) 4 (66.7) 3 (30.0) 19 (47.5)

Any moderate TEAE 0 1 (16.7) 0 0 0 1 (10.0) 2 (5.0)

Any severe TEAE 0 0 0 0 0 0 0

Any serious TEAE 0 0 0 0 0 0 0

Any treatment-related TEAE 0 0 0 0 0 0 0

AE by system organ class

General disorders and administration site conditions

Medical device site dermatitis 0 2 (33.3) 0 4 (66.7) 3 (50.0) 3 (30.0) 12 (30.0)

Feeling hot 0 0 1 (16.7) 0 0 0 1 (2.5)

Infections and infestation

Coronavirus infection 
(COVID-19)

0 0 0 0 1 (16.7) 0 1 (2.5)

Laryngitis 1 (16.7) 0 0 0 0 0 1 (2.5)

Trichomoniasis 0 1 (16.7) 0 0 0 0 1 (2.5)

Urinary tract infection 1 (16.7) 0 0 0 0 0 1 (2.5)

Nervous system disorders

Headache 1 (16.7) 1 (16.7) 0 0 1 (16.7) 0 3 (7.5)

Cardiac disorders

Palpitations 0 1 (16.7) 0 0 0 0 1 (2.5)

Ventricular extrasystoles 0 1 (16.7) 0 0 0 0 1 (2.5)

Injury, poisoning and procedural complications

Limb injury 0 0 1 (16.7) 0 0 0 1 (2.5)

Psychiatric disorders

Insomnia 0 0 0 0 0 1 (10.0) 1 (2.5)

Renal and urinary disorders

Dysuria 0 0 0 0 1 (16.7) 0 1 (2.5)

Respiratory, thoracic and 
mediastinal disorders

Dyspnea 0 1 (16.7) 0 0 0 0 1 (2.5)
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exposure over the dose range of 8–24 mg, the 90% CI of the 
slope (1.06, 1.35) fell outside the upper limit of the criteria 
for dose proportionality (0.80, 1.20) for Cmax and 90% CI of 
the slope (0.98, 1.22) fell just outside the upper limit of the 
criteria for dose proportionality (0.80, 1.20) for AUC0–48. 
For AUC0–t and AUC0–inf, the 90% CI of the slope ([AUC0–t 
0.67, 1.10], [AUC0–inf 0.65, 1.05]) fell outside the lower 
limit of the criteria for dose proportionality (0.80, 1.20).

Urine concentrations of EC5026 were below the limit 
of quantification for all participants and all timepoints for 
the 0.5 and 2 mg dose groups. For the 8, 16, and 24 mg dose 
groups, the total amount of EC5026 excreted in urine over 
48 h (Ae0–48) was low and ranged from 0.0127 to 0.0487 mg, 
corresponding to 0.132%–0.203% of the EC5026 dose.

Fed-fasted study

Following a single oral dose of 8 mg EC5026 in either the 
fed or fasted state, mean plasma concentration vs. time 
profiles of EC5026 were characterized by a rapid absorp-
tion phase until Cmax, followed by a steady monophasic 
decline through 312 hours (13 days) after dosing with 
arithmetic mean (t1/2) of 59.5 and 66.9 h, respectively 
(Figure S3 in the Supplemental Material and Table 7).

Peak and total exposures (Cmax, AUC0–48, AUC0–t, and 
AUC0–inf) to EC5026 were 34%–66% higher under fed con-
ditions compared with those under fasted conditions. The 

90% CIs around the ratio excluded unity in all instances 
and p-values were <0.05, indicating that the difference 
was statistically significant (Table  8). The difference be-
tween the median Tmax estimates, as determined from the 
Hodges-Lehman estimate, was small (0.08 h) and not sta-
tistically significant (p-value = 0.9375).

Arithmetic mean CL/F values were 1.91 and 2.51 L/h 
in the fed and fasted states, respectively, and arithme-
tic mean Vz/F values were 164 and 244 L, respectively 
(Table 7). Between-subject variability in systemic expo-
sure to EC5026 was low-to-moderate for both the fed 
and fasted states, with geometric CV values for Cmax 
and all AUC parameters ranging from 20.1%–32.1% 
across both treatments. Within-subject variability in 
systemic exposure to EC5026, as assessed by the linear 
mixed-effect model, was low, ranging from 15.4% to 
26.6% (Table 8).

DISCUSSION

These two studies represent the first-in-human phase 
Ia clinical trials of oral EC5026 in healthy male and fe-
male volunteers. EC5026 was well tolerated after a single 
oral dose of either 0.5, 2, 8, 16, or 24 mg and also 8 mg in 
both the fed and fasted states. No treatment-emergent ad-
verse events (TEAEs) were considered related to EC5026 
in either study. In addition, no apparent treatment- or 

EC5026 (8 mg) Placebo

Fed 
(n = 14)

Fasted 
(n = 13)

Fed 
(n = 2)

Fasted 
(n = 2)

n (%) n (%) n (%) n (%)

AE summary

Any AE 2 (14.3) 1 (7.7) 0 0

Any TEAE 2 (14.3) 1 (7.7) 0 0

Any Moderate TEAE 0 0 0 0

Any Severe TEAE 0 0 0 0

Any Serious TEAE 0 0 0 0

Any Treatment-Related TEAE 0 0 0 0

AE by system organ class

General disorders and administration site conditions

Injection site reaction 1 (7.1) 0 0 0

Infections and infestation

Urinary tract infection 0 1 (7.7) 0 0

Nervous system disorders

Headache 1 (7.1) 0 0 0

Eye disorders

Photophobia 1 (7.1) 0 0 0

T A B L E  4   Treatment-emergent 
adverse events in phase Ia fed-fasted 
study.



10 of 14  |      SCHMIDT et al.

dose-related trends were observed in clinical laboratory 
test results, vital sign measurements, physical examina-
tion findings, or 12-lead ECG results.

A linear, near-dose-proportional increase in expo-
sure was observed with single oral EC5026 doses from 
8 to 24 mg in the phase Ia SAD study. However, plasma 
exposures of EC5026 were below the limit of quantifi-
cation following a 0.5 mg dose for all participants and 
were highly variable from four participants at the 2 mg 
dose level. Mean half-lives after a single dose of 8, 16, 
and 24 mg ranged from 41.8 to 59.1 h, supporting a once-
daily dosing regimen. Overall, these PK findings may 
represent the presence of target-mediated drug disposi-
tion (TMDD), which is a phenomenon known to affect 
some potent small molecule drugs with high affinity 
to their pharmacologic target.27,28 For TMDD to occur, 

in addition to having high affinity for its target, a com-
pound needs to bind to it specifically, without substan-
tial non-specific tissue binding happening concurrently. 
In these cases, when a low dose is given, a significant 
proportion of the dose is sequestered by the target, leav-
ing only a small amount available in the systemic cir-
culation. When the dose increases, the proportion of a 
dose sequestered by the target decreases in terms of the 
total dose, and more of it becomes available for systemic 
circulation.27 This phenomenon results in linear dose-
proportional PK only at higher doses, with non-linearity 
present at low, single doses.

In the fed-fasted study, after an oral dose of 8 mg of 
EC5026 administered in tablet form, peak (66%) and total 
exposures (53%) to EC5026 under fed conditions were 
significantly higher compared with those under fasted 

Parameter (unit)

EC5026

2 mg (N = 4) 8 mg (N = 6) 16 mg (N = 6) 24 mg (N = 6)

Cmax (ng/mL) 4.69 (45.8) 82.7 (11.1) 220 (16.2) 301 (14.6)

Tmax (h) 1.25 (1.25, 
1.30)

1.25 (1.25, 1.30) 1.25 (1.25, 1.25) 1.25 (1.25, 1.25)

AUC0–t (ng•h/mL) 258 (145.4) 3450 (28.4) 6780 (23.1) 9030 (22.1)

AUC0–inf (ng•h/mL) NC 3690 (26.3) 6960 (22.1) 9310 (21.1)

AUC0-48 (ng•h/mL) 119 (59.7) 1870 (7.9) 4450 (14.7) 6130 (13.4)

t½ (h) 143 (44.3)a 59.1 (32.2) 44.8 (31.3) 41.8 (34.9)

CL/F (L/h) NC 2.23 (25.2) 2.35 (22.2) 2.62 (20.8)

Vz/F (L) NC 178 (11.8) 146 (23.6) 153 (6.3)

Note: Data are presented as geometric mean (geometric CV) except for t½, CL/F and Vz/F, which are 
arithmetic mean (arithmetic CV). For Tmax, the median (minimum, maximum) values are presented. 
Subjects were excluded from the PK population when there were fewer than 3 quantifiable plasma 
samples. All concentrations were below the limit of quantification for the EC5026 0.5 mg dose group. 
Values for AUC0–inf, CL/F, and Vz/F were excluded from summary statistics when %AUCextrap was >20%.
Abbreviation: NC, not calculated.
an = 3; given that plasma concentrations for the 2 mg dose group were near the limit of quantification, the 
estimates for t½ should be viewed with caution.

T A B L E  5   PK parameters of EC5026 in 
phase Ia SAD study.

T A B L E  6   Statistical analysis of dose proportionality for EC5026 based on SAD study.

Dose range Parameter (units)
Estimated 
slope

Standard error of the 
slope

90% CI of the 
slope

Dose proportionality 
criteria

2–24 mg Cmax (ng/mL) 1.69 0.080 (1.55, 1.83) (0.91, 1.09)

AUC0–t (ng•h/mL) 1.43 0.131 (1.20, 1.65) (0.91, 1.09)

AUC0–48 (ng•h/mL) 1.59 0.084 (1.45, 1.74) (0.91, 1.09)

8–24 mg Cmax (ng/mL) 1.20 0.082 (1.06, 1.35) (0.80, 1.20)

AUC0–t (ng•h/mL) 0.89 0.124 (0.67, 1.10) (0.80, 1.20)

AUC0–48 (ng•h/mL) 1.10 0.069 (0.98, 1.22) (0.80, 1.20)

AUC0–inf (ng•h/mL) 0.85 0.116 (0.65, 1.05) (0.80, 1.20)

Note: Subjects were excluded from the PK population when there were fewer than 3 quantifiable plasma samples. Values for AUC0–inf were excluded 
from summary statistics when %AUCextrap was >20%. The power model, ln(parameter) = intercept + slope × ln(dose), was used to estimate the slope and 
corresponding 90% CI. Dose proportionality was concluded if the 90% CI of the slope (β) lies entirely within [1 + ln(0.8)/ln(r), 1 + ln(1.25)/ln(r)], where r is the 
dose range (highest dose/lowest dose).
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conditions. The median Tmax values were observed slightly 
later under fed conditions, but the difference in the me-
dian Tmax (0.08 hour) was not statistically significant. In 
addition, EC5026 concentrations declined in a monoex-
ponential manner in both the fed and fasted state, with 

arithmetic mean apparent terminal half-lives (t1/2) of 59.5 
and 66.9 h, respectively.

Pain is one of the most common reasons why people 
seek medical attention.29 In the United States, at least 
20% of the population is affected by chronic pain at any 
one time1 and the national economic cost of pain has 
been estimated to range from $560 to $635 billion an-
nually.30 Chronic pain of different etiologies results in 
an incrementally increased burden to patients beyond 
that of the underlying condition that causes it.31–35 In 
2018, the FDA held a public meeting to hear perspec-
tives from patients living with chronic pain.3 The patient 
input generated through this effort underscored the dev-
astating toll chronic pain takes on all aspects of the pa-
tients' lives, including the loss or significant changes to 
their careers, limited social interactions, financial chal-
lenges, decreased ability to perform common activities, 
decreased quality of life, and the emotional burden of 
living with chronic pain.3 Chronic pain patients empha-
sized the difficulty in achieving pain relief and the need 
for effective, non-opioid treatment options. In fact, de-
spite the high prevalence and the associated individual, 
economic, and societal burden of disease, chronic pain 
is generally poorly managed by a limited number of ex-
isting therapeutic interventions.4–6 Inadequate response 
to drug treatments in many patients constitutes a sub-
stantial unmet need, particularly in patients with neu-
ropathic pain.6 Improved pain management approaches 
are needed to address this issue and improve the health 
and well-being of those affected by chronic pain. This 
unmet need reflects a pressing demand to develop 
novel classes of analgesics that are effective and have 

T A B L E  7   PK parameters of EC5026 in phase Ia fed-fasted 
study.

Parameter (unit)

EC5026 treatment group

Fed (N = 14) Fasted (N = 13)

n 13a 13b

Cmax (ng/mL) 55.6 (23.3) 35.0 (32.1)

Tmax (h) 8.25 (4.25, 24.17) 4.25 (1.28, 36.00)

AUC0–t (ng•h/mL) 4120 (20.5) 3120 (23.2)

AUC0–inf (ng•h/mL) 4260 (20.2) 3260 (22.0)

AUC0–48 (ng•h/mL) 1930 (20.1) 1310 (25.2)

t1/2 (h) 59.5 (17.7) 66.9 (17.2)

CL/F (L/h) 1.91 (19.4) 2.51 (23.3)

Vz/F (L) 164 (43.7) 244 (30.6)

Note: Fed Treatment = 8 mg single oral dose of EC5026 in the fed state; 
Fasted Treatment = 8 mg single oral dose of EC5026 in the fasted state. Data 
are presented as geometric mean (geometric CV) except for t1/2, CL/F, and 
Vz/F, which are arithmetic mean (arithmetic CV). For Tmax, the median 
(minimum, maximum) values are presented.
aOne subject received a pre-dose meal 70 minutes prior to dosing (40 minutes 
outside of the window) in Period 1 (Fed Treatment); therefore, that subject 
was excluded from the calculation of summary statistics for the Fed 
Treatment.
bOne subject was dosed as planned in Period 1 (Fed Treatment) and was 
included in the calculation of summary statistics for the Fed Treatment but 
was withdrawn prior to Period 2 (Fasted Treatment).

T A B L E  8   Statistical analysis of plasma PK parameters of EC5026 based on fed-fasted study.

Pharmacokinetic 
parameter (units) Treatment na

Geometric LS 
means

Ratio (%) of 
geometric LS 
means

90% CI of the 
ratio

p-
Value

Intra-
subject CV%

Cmax (ng/mL) Fed 12 58.6 165.75 (137.50, 199.80) 0.0001 26.6

Fasted 12 35.3

AUC0–48 (ng•h/mL) Fed 12 2020 152.75 (133.36, 174.95) 0.0002 18.2

Fasted 12 1320 – – – –

AUC0–t (ng•h/mL) Fed 12 4200 135.22 (119.77, 152.67) 0.0011 16.3

Fasted 12 3100 – – – –

AUC0–inf (ng•h/mL) Fed 12 4330 133.76 (119.26, 150.03) 0.0010 15.4

Fasted 12 3240 – – – –

Note: Fed Treatment = 8 mg single oral dose of EC5026 in the fed state; Fasted Treatment = 8 mg single oral dose of EC5026 in the fasted state. A linear mixed-
effect model was fitted to ln-transformed data with treatment, sequence, and period as fixed effects and subject within sequence as a random effect; results are 
presented as percentages.
an is the number of subjects with non-missing values for both Fed and Fasted treatments. Two subjects were excluded from the statistical analysis as only data 
for one treatment were available for each subject; one subject received a pre-dose meal 70 minutes prior to dosing (40 minutes outside of the window) in Period 
1 (Fed Treatment), and another subject was dosed as planned in Period 1 (Fed Treatment) but was withdrawn prior to Period 2 (Fasted Treatment). Geometric 
LS Means are derived from ln-transformed Least Squares Means data.
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diminished adverse effects and a lower abuse liability 
than currently available treatments.

Currently, available pharmacologic therapies for 
chronic pain include nonsteroidal anti-inflammatory 
drugs (NSAIDs), antiepileptic drugs (i.e., gabapentin or 
pregabalin), selected antidepressants (i.e., tricyclic antide-
pressants and serotonin–norepinephrine reuptake inhibi-
tors), and opioids. These treatment options have varying 
levels of analgesic efficacy, typically providing only par-
tial relief to most patients, and generally associated with 
multiple undesirable adverse effects. Opioids are one of 
the most commonly prescribed medication classes for 
patients with chronic pain but have limited efficacy in 
noncancer chronic pain.9 Opioids may be associated with 
serious adverse effects, and with continued dosing, pro-
duce tolerance, dependence, and abuse liability.7,8,36 There 
is widespread recognition of the need for novel, effective, 
and non-addictive analgesics for chronic pain. Ideally, 
novel therapeutics should mimic or target endogenous 
pain-resolution mechanisms.37

More than half of the currently available analgesic 
drugs act on the cyclooxygenase (COX) and lipoxygen-
ase (LOX) pathways of the arachidonic acid cascade. 
Of these, the COX branch has been the most studied 
and predominantly exploited by NSAIDs and COX-2 
inhibitors. sEH inhibitors work on the more recently 
discovered CYP450 branch that is largely an analge-
sic and inflammation-resolving branch of the cascade. 
This novel pathway is unique to any of the available 
therapies for chronic pain. The approach is based on 
the recognition that EpFAs are potent, naturally occur-
ring analgesics that are rapidly degraded by the sEH 
enzyme.38 sEH inhibition may increase plasma and 
cellular levels of EpFAs to therapeutic levels and pro-
long their duration of activity from minutes to hours or 
days. The increased levels of EpFAs have been proven 
to act at the cellular level to reduce pain, resolve in-
flammation, and maintain endothelial function.38 The 
underlying mechanism of action involves limiting en-
doplasmic reticulum (ER) stress and protecting against 
mitochondrial dysfunction, thereby supporting cel-
lular homeostasis and functioning as well as limiting 
inflammation.39–41 Pharmacological inhibition of sEH 
has been shown to increase the concentration of ben-
eficial EpFAs, producing strong analgesic effects in 
animal models of acute and chronic neuropathic and 
inflammatory pain.15,16,38,42 Notably, studies of sEH 
inhibition in chronic pain assessing the addictive po-
tential of sEH inhibition-mediated analgesia showed 
no reward-seeking behavior.15 Additional studies using 
local administration of EpFAs demonstrated both an-
algesic efficacy against neuropathic pain as well as a 
lack of rewarding side effects.42 EC5026 is the first sEH 

inhibitor being developed for the treatment of pain in 
humans.18 Our data show that EC5026 produces potent 
analgesia and a favorable dose–response relationship in 
multiple preclinical neuropathic pain and inflamma-
tory pain models, and safety pharmacology studies have 
not identified any central nervous system, respiratory, 
or cardiovascular risks.18

CONCLUSION

EC5026 was well tolerated in healthy volunteers at sin-
gle doses up to 24 mg and showed linear and near-dose-
proportional PK properties (results of the SAD study). 
Food may delay time to peak activity, but has only a mod-
est but statistically significant impact of increased Cmax 
and AUC values (results from the fed-fasted study). This 
safety profile and PK data, together with the mechanis-
tic and preclinical evidence of analgesic activity, suggest 
that future clinical trials of EC5026 for the treatment of 
pain are justified. EC5026 is currently being evaluated in a 
phase Ib multiple ascending dose (MAD) study in healthy 
volunteers and is planned to be investigated soon in two 
pilot studies of participants with chronic inflammatory 
pain (osteoarthritis) or neuropathic pain (spinal cord in-
jury) in future nested-design MAD studies.
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