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Background: This randomized, open-label phase 2a study investigated the safety/tolerability, pharmacokinetics, and efficacy of olorinab—a
highly selective, peripherally acting, full agonist of the cannabinoid receptor 2—in patients with Crohn’s disease (CD) experiencing abdominal
pain.

Methods: Eligible subjects 18-80 years of age with quiescent to mildly active CD were randomized to receive olorinab 25 or 100 mg three times
daily for 8 weeks. The primary objective was to assess safety/tolerability.

Results: Fourteen subjects received olorinab 25 mg (N = 6) or 100 mg (N = 8). Ten subjects [4 (67%) in the 25-mg group and 6 (75%) in the 100-
mg group] reported a total of 34 treatment-emergent adverse events (TEAESs; 32 grade 1/2, not serious events; 2 grade 3, serious, not treatment-
related events). No dose reductions or discontinuations due to TEAEs or deaths were reported. Dose-proportional increases in olorinab exposure
from 25 to 100 mg were observed, with minimal accumulation at both doses. At week 8, the mean (SD) change from baseline in average abdom-
inal pain score at peak olorinab plasma concentrations was —4.61 (1.77) in the 25-mg group (P = 0.0043) and —4.57 (2.17) in the 100-mg group
(P =0.0036). The change from baseline at week 8 in the mean (SD) number of pain-free days per week was +1.60 (2.61) in the 25-mg group and
+2.33 (3.62) in the 100-mg group. No subject required pain medication on study.

Conclusions: Patients with quiescent to mildly active CD receiving olorinab experienced mild-to-moderate adverse events and an improvement

in abdominal pain scores in this study.

Lay Summary

Patients with Crohn’s disease have frequent abdominal pain that reduces their quality of life. Olorinab, a selective agonist of the cannabinoid re-
ceptor 2, was well tolerated and reduced abdominal pain scores in patients with inactive to mildly active Crohn’s disease.
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INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory disease
of the gastrointestinal tract with heterogenous symptoms,
often including abdominal pain and diarrhea, that evolve in a
relapsing and remitting manner.! Abdominal pain is commonly
reported in patients with CD and is associated with reduced
quality of life.> Even with apparent remission of inflamma-
tion, approximately 41% of patients with CD still experience
irritable bowel syndrome-like symptoms, including abdominal
pain, bloating, or erratic bowel habits.’ In many cases, abdom-
inal pain is severe enough to warrant pain-specific treatment,
but current treatment options are limited. Approaches to ab-
dominal pain management in patients with CD include anal-
gesics (eg, acetaminophen), nonsteroidal anti-inflammatory
drugs (NSAIDs; eg, ibuprofen and naproxen), antispasmodics
(hyoscyamine, dicyclomine), antidepressants (eg, selective ser-
otonin reuptake inhibitors, tricyclic antidepressants), and opi-
oids, but these strategies have demonstrated limited efficacy
and/or unfavorable adverse event (AE) profiles.* For example,
patients receiving opioids have the potential for developing tol-
erance, addiction and abuse, and respiratory depression and
death,” whereas NSAIDs are associated with an increased risk
of gut mucosal damage, ulceration, and induction of irritable
bowel disease flares.® Given these challenges, there is a signifi-
cant unmet need for a novel pharmacologic approach to treat
abdominal pain in patients with CD.

Targeted cannabinoid receptor agonists may be an attrac-
tive treatment for abdominal pain without the potential for dis-
ease exacerbation,” and cannabis has demonstrated promising
results in the treatment of pain associated with CD.%° There are
2 known cannabinoid receptors: cannabinoid receptor 1 (CB))
and cannabinoid receptor 2 (CB,). Under physiological condi-
tions, CB, is expressed on gastrointestinal enteric nerves, select
immune cells, and on healthy colonic epithelium.'*'> CB, ex-
pression is increased in the ulcerative margin in CD," and CB,
has been shown to be upregulated in the gastrointestinal tract
during intestinal inflammation and to modulate visceral sensi-
tivity in animal models.”

Research in human explant tissue has shown that CB,,
but not CB,, may protect against the cytokine-mediated inflam-
mation and epithelial damage that are known to contribute to
abdominal pain.” CB, knockout mice have demonstrated en-
hanced colitis induction, supporting the potential protective
effects of CB, activation." In animal models of chemically in-
duced visceral hypersensitivity, CB, activation had an analgesic
effect.'>!® Taking all this into account, agonists of CB, may
have the potential to provide pain relief in patients with CD
experiencing abdominal pain without the off-target effects of
cannabis, making CB, an attractive therapeutic target.

Previous cannabinoid receptor agonists have shown pre-
clinical efficacy for pain.'” However, the therapeutic utility of
nonselective, brain-penetrating cannabinoid receptor agon-
ists has been limited by undesirable psychoactive effects
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associated with the lack of selectivity for CB, resulting in ac-
tivation of CB,"” or potentially through incomplete agonism
of CB, leading to receptor desensitization and tachyphylaxis.'®
Selective targeting of CB, may alleviate abdominal pain, as
suggested by a preclinical study of a CB, agonist that blocked
mesenteric nerve firing,' and by the ability of a CB, antagonist
to block probiotic-induced intestinal analgesia in a butyrate-
induced model of colonic hypersensitivity.*’

Olorinab (APD371) is an oral, peripherally acting and
highly selective, full agonist of CB,."® Olorinab is a small mol-
ecule that has exhibited >1000-fold selectivity for CB, over
CB, and shows minimal-to-no off-target activity for a broad
range of other noncannabinoid receptors, ion channels, and
transporters.'® Olorinab has been shown to activate endoge-
nous CB, in primary rat splenocytes, human HL-60 cells, and
primary human B cells.! Through activation of CB,, olorinab
decreased the hypersensitivity of colonic nociceptors in mice
with colitis (unpublished data) and reduced pain in several an-
imal models,”! and olorinab has shown low brain penetration
in rats.'® Olorinab is cleared mainly through biotransformation
to multiple metabolites, with 3 of its main circulating metabol-
ites (M1, M2, and M4) being much less potent—ranging from
approximately 10- to 200-fold lower affinity for recombinant
human CB, than olorinab (unpublished data). Olorinab was
generally safe and well tolerated in phase 1 studies of healthy
volunteers.”? The present study assessed the safety and effi-
cacy of olorinab in patients with abdominal pain associated
with CD.

MATERIALS AND METHODS

Ethical Considerations

The trial was approved by the local and central
Institutional Review Boards (IRBs), including Medical
School IRB, Quorum Review IRB (now Advarra), and
Northwestern University IRB, and was conducted in ac-
cordance with Good Clinical Practice Guidelines of the
International Conference on Harmonisation and the prin-
ciples of the Declaration of Helsinki. All subjects provided
written informed consent.

Study Design

This was an open-label, randomized, parallel-
group, multicenter phase 2a study (ClinicalTrials.gov ID:
NCT03155945). The study comprised a screening period of
up to 4 weeks, an 8-week randomized treatment period, and
a 2-week follow-up period. Eligible subjects were randomized
(stratified by sex) in a 1:1 ratio to olorinab 25 or 100 mg three
times daily (TID) for 8 weeks. Randomization was undertaken
by assignment to an appropriate dose group and unique sub-
ject number from a centralized master list; all subjects were re-
quired to start treatment within 1 week of randomization.
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Subjects

The study enrolled adult subjects with moderate-to-
severe abdominal pain [average abdominal pain score (AAPS)
of >4 on 7 consecutive days during the screening period]
due to quiescent to mildly active inflammatory CD (total
simple endoscopic score for CD of <10 or fecal calprotectin
of <500 ng/g within 4 weeks of screening). Eligible subjects
were male or female, 18-80 years of age, inclusive, with a
clinical diagnosis of endoscopically and histopathologic-
ally confirmed CD for at least 3 months prior to screening.
Subjects receiving concomitant biologic or anti-inflamma-
tory therapies for CD were required to be on a stable dose.
No clinically significant abnormalities in physical examin-
ations, laboratory findings, and 12-lead electrocardiograms
were permitted. Key exclusion criteria were use of medical
marijuana, tetrahydrocannabinol, or its derivatives during
screening and study treatment period; evidence of abdominal
abscess at the screening visit; subtotal or total colectomy; a
permanent ostomy; history of >3 small bowel resections, di-
agnosis of short bowel syndrome, or bowel resection within
6 months prior to randomization; history or evidence of ad-
enomatous colonic polyps or colonic mucosal dysplasia; di-
agnosis of indeterminate colitis, ulcerative colitis, or clinical
findings suggestive of ulcerative colitis; evidence of current
gastrointestinal infection (bacterial or parasitic) or signifi-
cant infection within 45 days of screening; and clinically sig-
nificant extraintestinal infection within 30 days of screening.

Treatment

Olorinab capsules were self-administered, with no food
restrictions, except for the exclusion of grapefruit products or
prune juice. Laxatives were also restricted 1 day prior to ran-
domization and throughout the treatment period. Olorinab 25
or 100 mg was scheduled to be taken TID (at approximately
07:00 £ 2, 15:00 + 2, and 23:00 £ 2 hours for 8 weeks) on days
1-56.

Study Endpoints and Assessments

The primary objective of this study was to assess the
safety and tolerability of 2 different doses of olorinab in
subjects with CD experiencing abdominal pain treated for up
to 8 weeks. Key exploratory endpoints included pharmaco-
kinetic (PK) profiles (including metabolites) and average PK
parameters (maximum (peak) observed plasma concentration
[C, ], time to reach maximum (peak) observed plasma con-
centration [z ], area under the concentration—time curve from
0 to 8 hours postdose [AUC_ ,]) of 2 doses of olorinab TID;
change in abdominal pain score (APS) from predose (trough
concentration) to 1.5 hours postdose (peak concentration) fol-
lowing the first of 3 daily doses of olorinab (assessed daily to
day 56 and average weekly to week 8); change in AAPS from
baseline to week 8§ (averaged weekly to week 8); proportion of

subjects who were pain relief responders (230% reduction from
baseline in AAPS) weekly and at the end of treatment (EOT);
number of pain-free days per week based on responses to the
APS in each treatment group; pain medication use; changes
in C-reactive protein (CRP) and fecal calprotectin at weeks 4
and §; changes in CD patient-reported outcome (CD-PRO) do-
main scores from baseline to week 8; and changes in the Patient
Health Questionnaire-9 (PHQ-9) scores at screening, week 4,
and week 8. Other analyses included change in AAPS at the
pre-evening dose (evening trough concentration) and change in
weekly AAPS from baseline to week 4 of treatment.

Safety assessments included TEAEs (defined as an AE
that occurred during study treatment); serious adverse events
(SAEs); clinical laboratory tests; physical examinations; vital
sign measurements; and 12-lead electrocardiograms. Blood
samples for PK assessments were collected before the first
daily dose and 0.5, 1, 2, 4, 6, 8 (prior to second daily dose), 9,
10, and 24 (prior to first daily dose on day 2) hours thereafter
on day 1; prior to the first daily dose only during weeks 2, 4,
and 6; and prior to the first daily dose and 0.5, 1, 2, 4, 6, 8
(prior to second daily dose), and 24 hours thereafter during
week 8. Plasma concentrations of olorinab and its less-active
metabolites M1, M2, and M4 were measured using a valid-
ated bioanalytical method. The method applied liquid-liquid
sample extraction followed by liquid chromatography—
tandem mass spectrometry detection. The lower limit of
quantification for all analytes was 0.5 ng/mL. Abdominal
pain was assessed using the APS and scored based on the
11-point numeric rating scale from 0 (no abdominal pain)
to 10 (worst possible abdominal pain). APS was assessed
during screening twice daily for at least 7 consecutive days
(early morning and late evening) and TID during treatment
(days 1-56; before the morning dose and any other study
procedures; at 1.5 hours after the morning dose; and before
the evening dose). A post hoc analysis of 6 derived CD-PRO
domains (bowel, abdominal function, systemic symptoms,
coping, daily impact, and emotional) was performed.

Statistical Analysis

No formal sample size/power calculations and hypoth-
esis testing were specified for this proof-of-concept study.
Approximately 16 subjects were considered a reasonable sample
size to assess the main study endpoints.

The Safety population included all randomized subjects
who received at least 1 dose of olorinab; analyses of all safety
variables use the Safety population. The Pharmacokinetic pop-
ulation included all randomized subjects who received at least
1 dose of olorinab and had at least 1 evaluable plasma con-
centration—time profiles. PK parameters were calculated using
noncompartmental analysis. The Efficacy population included
all randomized subjects who received at least 1 dose of olorinab
and completed at least 7 days of assessments of APS on treat-
ment up to week 4, and analyses of all efficacy variables use the

3



Yacyshyn et al

Crohn’s & Colitis 360 « Volume 3, Number 1, January 2021

Efficacy population. For the pain relief responder analysis, the
primary analysis approach was nonresponder imputation, in
which subjects who withdrew early or did not have week 8§ data
were considered nonresponders. Two sensitivity responder ana-
lyses were conducted: observed data analysis (using observed
data only) and EOT (equivalent to last-observation-carried-
forward) analysis, in which the last available value was used
for subjects who withdrew early or did not have week 8 data.
Noninferential between-dose cohort comparisons for the main
study endpoint measures were performed using parametric or
nonparametric methods as appropriate and based on a 2-sided
hypothesis test at the 0.05 level of significance. All statistical
analyses were performed using SAS software (Version 9.4, SAS
Institute Inc., Cary, NC).

RESULTS
Subjects

A total of 14 subjects were randomized to treatment
with olorinab 25 mg TID (N = 6) or 100 mg TID (N = 8).
Demographic and baseline characteristics were comparable be-
tween the 2 treatment groups (Table 1). Of the 14 subjects en-
rolled in the study, corticosteroids were used prior to study entry
in 6/14 (42.9%) subjects. Eleven subjects completed the study,
which included the follow-up visit at week 10. Three subjects in
the olorinab 100-mg group did not complete the study; reasons
included lost to follow-up, withdrawal of consent, and other
(n = 1 each). The median (range) duration of treatment was
8.2 (8-10) weeks for olorinab 25 mg and 8.1 (4-9) weeks for

TABLE 1. Demographics and Baseline Characteristics

Olorinab 25 mg TID (N = 6)

Olorinab 100 mg TID (N =8)  All Subjects (N = 14)

Age, mean (SD), years 35.0 (10.8) 36.9 (15.2) 36.1(13.1)
Female, n (%) 4 (66.7) 4 (50.0) 8(57.1)
Race, n (%)
White 5(83.3) 7 (87.5) 12 (85.7)
Black or African American 0 1(12.5) 1(7.1)
American Indian or Alaskan Native 1(16.7) 0 1(7.1)
Weight, mean (SD), kg 82.9(17.8) 87.8(22.3) 85.7(19.9)
BMI, mean (SD), kg/m? 30.8 (7.7) 29.2(5.7) 29.9 (6.4)
Nicotine use, n (%)
Never 5(83.3) 7 (87.5) 12 (85.7)
Former 1(16.7) 1(12.5) 2(14.3)
Current 0 0 0
Alcohol use, n (%)
Never 4 (66.7) 5(62.5) 9(64.3)
Former 0 0 0
Current 2(33.3) 3(37.5) 5(35.7)
Time since CD diagnosis at screening, mean (SD), years 15.0 (6.4) 8.8 (8.9) 11.4(8.3)
Location of CD, n (%)
Small intestine 3(50.0) 7(87.5) 10 (71.4)
Colon 4 (66.7) 5(62.5) 9(64.3)
Rectum 1(16.7) 2(25.0) 3(21.4)
Perianal 1(16.7) 2(25.0) 3(21.4)
Baseline AAPS, mean (SD) 5.8(1.3) 5.5(2.0) 5.6 (1.7)
Patients receiving concomitant medications for CD, n (%)
Azathioprine 0 4 (50.0) 4 (28.6)
Adalimumab 1(16.7) 2(25.0) 3(21.4)
Infliximab 2(33.3) 1(12.5) 3(21.4)
Mesalazine 1(16.7) 1 (12.5) 2(14.3)
Prednisone 1(16.7) 1(12.5) 2(14.3)
Methotrexate 1(16.7) 0 1(7.1)
Ustekinumab 0 1(12.5) 1(7.1)
Vedolizumab 1(16.7) 0 1(7.1)

BMI, body mass index.
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olorinab 100 mg. In the olorinab 25- and 100-mg groups, the
median average dose per day was 72.7 and 289.6 mg, respec-
tively. Subject compliance was high with 100% of subjects
achieving at least 80% compliance.

Safety and Tolerability

Thirty-four TEAEs occurred in subjects treated
with olorinab during this study. TEAEs were reported by
10 subjects—4 subjects (67%) and 6 subjects (75%) in the
olorinab 25- and 100-mg TID groups, respectively (Table 2).
These AEs were generally mild-to-moderate with only 2 grade
3 AEs occurring in 1 subject in the 100-mg group. The 2 grade
3 AEs (interstitial lung disease and acute interstitial pneumo-
nitis) were reported by the investigator as SAEs but not re-
lated to study treatment. This same subject reported a total of
20 out of the 34 TEAEs that occurred in this study. Of the 34
TEAEs, only 1 TEAE was considered related to study treat-
ment (grade 2 headache) as determined by the investigator.
Twenty-seven of the 34 TEAEs had resolved and 7 of the 34
TEAEs were resolving or not resolved at the time of study
conclusion.

No treatment discontinuations, dose reductions, or dose
interruptions due to AEs, grade 4 AEs, or deaths were reported.
In addition, there were no clinically significant changes in vital
signs or clinical safety laboratory findings were observed during
the study.

Pharmacokinetics

Plasma exposures to olorinab and its metabolites are
shown in Supplementary Table 1. The median time to reach
C . (. ) was approximately 1-2 hours following a single dose

(day 1) or repeat TID dosing (week 8) of olorinab 25 or 100 mg,
indicating rapid absorption. Dose-proportional increases in

olorinab C__and AUC_, from 25 to 100 mg were observed
following a single dose (day 1) and repeat TID dosing (week
8), with minimal accumulation at both dose levels. Among
the olorinab metabolites, M1 C_ and AUC_  increased in a
manner proportional to olorinab dose after a single dose and
slightly greater than dose-proportional after repeated TID
dosing, whereas M2 and M4 exposures increased less than
dose-proportionally after a single dose and repeated TID
dosing. M1 was the most predominant metabolite with week
8 exposures approximately 18%-64% lower than olorinab; M2
and M4 exposures were approximately 62%-91% lower than
olorinab (Supplementary Table 2). Minimal plasma accumula-
tion of M1 was observed at both dose levels, with the highest
accumulation following 25 mg TID dosing; M2 and M4 accu-
mulation could not be accurately determined due to their slow
rate of formation.

Key Exploratory Endpoints

Statistically significant improvements from baseline
in AAPS were observed at trough, peak, and evening trough
olorinab concentrations in both the 25- and 100-mg TID
dose groups at week 8 of treatment (Fig. 1). At week 8, the
mean (SD) change from baseline in AAPS measured at peak
olorinab plasma concentrations was —4.61 (1.77) in the 25-mg
dose group (P = 0.0043), —4.57 (2.17) in the 100-mg dose group
(P = 0.0036), and —4.59 (1.90) in all subjects (P < 0.001). The
mean change in AAPS from baseline to week 8 at trough and
evening trough olorinab plasma concentrations was also signif-
icantly improved in both dose groups (all P < 0.05).

Pain relief response (defined as >30% reduction from
baseline in weekly AAPS) in the overall population at peak
olorinab plasma concentrations was achieved in most evaluable
subjects at week 4 (85%) and all evaluable subjects at week 8

TABLE 2. Summary of TEAEs

Olorinab 25 mg TID (N = 6)

Olorinab 100 mg TID (N = 8) All Subjects (N = 14)

No. of TEAEs 5
Subjects with 21 AE, n (%) 4(66.7)
Subjects with >1 grade 3, n (%)* 0
Subjects with >1 treatment-related AE, n (%) 0
AE preferred term reported by >2 subjects, n (%)
Drug hypersensitivity 1(16.7)
Hypomagnesemia 0
Pain in extremity 0
Subjects with 21 serious AE, n (%)" 0
Acute interstitial pneumonitis 0
Interstitial lung disease 0

29 34
6 (75.0) 10 (71.4)
1(12.5) 1(7.1)
1(12.5) 1(7.1)
1(12.5) 2(14.3)
2(25.0) 2(14.3)
2(25.0) 2(14.3)
1(12.5) 1(7.1)
1(12.5) 1(7.1)
1(12.5) 1(7.1)

Each subject is counted only once within each preferred term. AEs reflect those that occurred after the initial study dose of olorinab (ie, not during screening) and were coded

using Medical Dictionary for Regulatory Activities, version 21.0.
*No subjects had a grade 4 or grade 5 TEAE.

fOne subject receiving olorinab 100 mg TID reported 20 TEAESs, including 2 serious AEs (grade 3) that were considered not related to study treatment.
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FIGURE 1. Change in weekly AAPS at trough, peak, and evening trough olorinab plasma concentrations. Mean change over time in weekly AAPS
measured at trough (predose), peak (1.5 hours postdose), and evening trough (predose) olorinab plasma concentrations in the 25-mg (A) and 100-
mg (B) TID dose groups. Summary of mean change from baseline in AAPS at weeks 4 and 8 in the olorinab 25- and 100-mg TID dose groups (C). *For
evening trough at week 2, n = 7 for mean weekly AAPS. *P < 0.05; **P < 0.01 vs baseline. BL, baseline.

(100%) (Fig. 2A), with similar response rates observed in the
25-mg (83% and 100%) and the 100-mg (86% and 100%) groups
at weeks 4 and 8, respectively. Pain relief response was also ob-
served at trough and evening trough olorinab plasma concen-
trations and for daily average abdominal pain at week 4 (>50%)
and week 8 (280%) (Figs. 2B-D). Using the nonresponder im-
putation analysis, most subjects (>60%) achieved peak, trough,
evening trough, and daily average pain relief response at week
8, and results were similar using the EOT sensitivity analysis
(Supplementary Fig. 1).
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Among all subjects, mean daily AAPS was reduced from
5.63 at baseline to 2.67 within 2 days of treatment, and re-
mained relatively stable for the rest of the first week of treat-
ment (Fig. 3). The change from baseline in mean (SD) AAPS
on day 1 of treatment was —0.63 (1.21) at trough, —2.02 (1.93)
at peak, and —2.72 (2.48) at evening trough olorinab plasma
concentrations in all subjects, with similar results seen in each
dose group.

In the overall population, the change from baseline in the
mean number of pain-free days per week increased from week
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FIGURE 2. Pain relief response with olorinab. Proportion of patients who had >30% reduction from baseline in weekly peak AAPS (A), trough AAPS
(B), evening trough AAPS (C), and daily AAPS (averaged over peak, trough, and evening trough diary entries; D) with olorinab 25 or 100 mg TID and
in all subjects at weeks 4 and 8, and were considered pain relief responders. Pain relief response was assessed using observed data (ie, in subjects

with evaluable data at weeks 4 and 8).

1 through week 8 (Fig. 4). There was an increase from baseline
in the mean (SD) number of pain-free days per week in both
the 25- and 100-mg TID dose groups at week 4 [1.00 (2.45) and
1.00 (2.65), respectively], week 8 [1.60 (2.61) and 2.33 (3.62)],
and EOT [1.17 (2.40) and 1.50 (2.78)].

Pain medication was not required by any subject during
the study. No significant changes from baseline in CRP or fecal

calprotectin levels were observed at weeks 4 and 8 in either dose
group (Supplementary Fig. 2).

CD Patient-Reported Outcomes
Subjects in both dose groups reported significant im-
provements in the percent change from baseline in bowel
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n=14 n=11 n=12 n=13 n=14 n=14 n=13 n=13

Mean (SD) 581 320 283 250 250 233 280 240
Daily AAPS  (1.34) (1.92) (1.47) (1.87) (1.23) (1.03) (1.30) (0.89)

100 mg TID n=8 n=6 n=6 n=7 n=8 n=8 n=8 n=8

Mean(SD) 550 417 250 257 238 350 275 1.88
Daily AAPS  (1.98) (1.47) (2.51) (2.30) (2.13) (2.67) (1.49) (1.46)

Mean (SD) 563 373 267 254 243 300 277 208
Daily AAPS

(168) (1.68) (1.97) (2.03) (1.74) (2.15) (1.36) (1.26)

FIGURE 3. Daily AAPS in the first week of treatment with olorinab. Mean (SD) daily AAPS during the first week of treatment with olorinab 25 mg TID

and olorinab 100 mg TID (A), and in all subjects (B). BL, baseline.

domain scores at week 8 (both P < 0.05); the 25-mg dose
group also reported significant improvements in the percent
change from baseline in systemic symptoms, coping, daily im-
pact, and emotional domain scores (all P <0.05), and the 100-
mg dose group reported a significant improvement in percent
change from baseline in the abdominal function domain score
(P < 0.05) (Supplementary Table 3). In the overall study pop-
ulation, percent changes from baseline in all CD-PRO domain
scores (with the exception of systemic symptoms) were signif-
icantly improved at week 8 (P < 0.05). Similarly, the change
from baseline in PHQ-9 score in the overall study population
was significantly improved at week 4 (P = 0.005) and week 8
(P = 0.034). The overall improvement for each CD-PRO do-
main score from baseline to week 8 when expressed as per-
centages of the maximum possible domain score is shown in
Fig. 5.

DISCUSSION

This phase 2a study evaluating 2 doses (25 and 100 mg
TID) of olorinab during an 8-week period demonstrated that
this highly selective, peripherally acting, full agonist of CB,
was generally safe and well tolerated in patients with quies-
cent to mildly active CD. Most AEs observed with olorinab
were mild-to-moderate in severity, with only 2 grade 3, SAEs
reported in a single subject (neither considered to be re-
lated to study treatment). Furthermore, no central nervous
system (CNS)-related AEs were reported with olorinab, in
contrast to the frequent CNS effects seen with nonselective
cannabinoids.?® This study also provided preliminary evi-
dence of olorinab efficacy in improving APSs in this patient

population. CB, has received significant attention as a po-
tential target that may provide pain relief without the CNS
liabilities associated with CB, modulation.”** As a result,
treatments like olorinab that selectively target CB, receptors
and are peripherally active may offer a rational approach to
pain management.

Treatment of abdominal pain is a notable unmet need for
patients with CD. Over-the-counter drugs, such as NSAIDs,
are often the first-line treatment for abdominal pain in CD.
However, NSAIDs, although effective for pain relief, are associ-
ated with an increased risk of gut mucosal damage, ulceration,
and induction of irritable bowel disease flares.® Therefore, fur-
ther pain management is often needed. Opioids are frequently
used and effective for treating severe acute pain in CD. However,
concerns with opioid use include tolerance development, ad-
diction and abuse, constipation, narcotic bowel syndrome,
increased susceptibility to infection, and respiratory depres-
sion and death.>** Antispasmodics and antidepressants, which
are often used as an “adjuvant analgesics” to chronic opioid
therapy, are supported by limited evidence demonstrating pain
reduction in patients with CD.*2¢

Cannabis has been shown to induce a clinical symptom
response in patients with CD in a prospective placebo-
controlled study (based on the CD Activity Index)® and in
a retrospective observational study (based on the Harvey-
Bradshaw Index).” Frequent cannabis use in CD patients,
largely for abdominal pain, nausea, and decreased appetite,
has also been reported.?’” However, cannabis consists of a
poorly reproducible mixture of hundreds of pharmacolog-
ically active compounds, which vary with the strain, season,
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FIGURE 4. Change in the number of pain-free days per week with olorinab. Change from baseline in the mean (SD) number of pain-free days per
week with olorinab 25 mg TID and olorinab 100 mg TID (A) and in all subjects (B). No subjects experienced a pain-free day at baseline. EOT analysis
used the last available value for subjects who withdrew early or did not have week 8 data.

and maturity of plants.?® Therefore, a substantial amount of
variation in potency and efficacy are to be expected, as well
as off-target adverse effects on cognitive function limiting
its use.?

In this population of subjects who experienced continued
abdominal pain despite remission or mildly active inflamma-
tion, selective and full agonism of CB, with olorinab was asso-
ciated with rapid onset of action and sustained pain response
throughout the 8 weeks of treatment. Importantly, this group
of subjects experienced pain for at least 7 consecutive days
during the screening period, and during treatment, subjects ex-
perienced more pain-free days over time. In addition, no pain
medication was required by any subject during the study, which
further supports the pain relief evinced by improved average
pain scores.

All subjects in this study had quiescent to mildly ac-
tive CD at baseline. No significant changes in CRP or fecal
calprotectin were observed with olorinab at the doses used,
consistent with previous trials of cannabis or cannabidiol-
rich botanical extract for ulcerative colitis that did not find
a statistically significant effect on CRP, fecal calprotectin, or
other disease-specific markers.?* This suggests that any ef-
fects on pain reduction may be independent of changes in
intestinal inflammation. However, larger trials including pa-
tients with a higher inflammatory burden are required to con-
firm whether or not olorinab has any impact on inflammatory
markers.

This proof-of-concept study demonstrated encouraging
results but was limited by a small sample size, the open-label
study design, and the lack of a placebo control treatment group.
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FIGURE 5. Percent change in mean CD-PRO domain scores with olorinab. Absolute percent change in mean CD-PRO scores with olorinab 25 mg TID
(A) and olorinab 100 mg TID (B) across domains. Percent change was calculated separately for each domain by subtracting the mean week 8 score
as a percentage of the maximum possible domain score from the baseline mean score as a percentage of the maximum possible domain score, for

patients with both baseline and week 8 data.

Larger studies of olorinab for gastrointestinal-related pain are
warranted.

CONCLUSIONS
The lack of nonaddicting medications with favorable
safety profiles for the treatment of abdominal pain in CD is an
unmet medical need. This phase 2a study demonstrated that
olorinab was well tolerated and provided preliminary evidence
of efficacy in the treatment of abdominal pain associated with
CD. These data support the continued clinical development of
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olorinab for the management of abdominal pain associated
with CD and potentially other gastrointestinal diseases.

SUPPLEMENTARY MATERIAL

Supplementary data are available at Crohn’'s & Colitis
360 online.

ACKNOWLEDGMENTS

We thank the patients who participated in this study
as well as the investigators and study staff. We thank Shirdi



Crohn’s & Colitis 360 « Volume 3, Number 1, January 2021

Safety, Pharmacokinetics, and Efficacy of Olorinab

Schmiel, Marsha Jones, Beatriz Lindstrom, and Yong Tang of
Arena Pharmaceuticals, Inc., for their critical review of the man-
uscript. This study was supported by Arena Pharmaceuticals,
Inc., San Diego, CA. Medical writing support was provided by
Emily C. Casey, PhD, of ApotheCom (San Francisco, CA) and
funded by Arena Pharmaceuticals, Inc. All patients enrolled in
the trial by B.R. Yacyshyn were seen, treated and assessed at the
University of Cincinnati.

. Torres J, Mehandru S, Colombel

REFERENCES

JF, et al. Crohn’s disease. Lancet.

2017;389:1741-1755.

. Zeitz J, Ak M, Miiller-Mottet S, et al.; Swiss IBD Cohort Study Group. Pain

in IBD patients: very frequent and frequently insufficiently taken into account.
PL0S One. 2016;11:¢0156666.

. Halpin SJ, Ford AC. Prevalence of symptoms meeting criteria for irritable bowel

syndrome in inflammatory bowel disease: systematic review and meta-analysis.
Am J Gastroenterol. 2012;107:1474-1482.

. Srinath AI, Walter C, Newara MC, et al. Pain management in patients with in-

flammatory bowel disease: insights for the clinician. Therap Adv Gastroenterol.
2012;5:339-357.

. Benyamin R, Trescot AM, Datta S, et al. Opioid complications and side effects.

Pain Physician. 2008;11:S105-S120.

. Klein A, Eliakim R. Non steroidal anti-inflammatory drugs and inflammatory

bowel disease. Pharmaceuticals ( Basel). 2010;3:1084-1092.

. Wright KL, Duncan M, Sharkey KA. Cannabinoid CB, receptors in the gastro-

intestinal tract: a regulatory system in states of inflammation. Br J Pharmacol.
2008;153:263-270.

. Naftali T, Bar-Lev Schleider L, Dotan I, et al. Cannabis induces a clinical re-

sponse in patients with Crohn’s disease: a prospective placebo-controlled study.
Clin Gastroenterol Hepatol. 2013;11:1276-1280.e1271.

. Naftali T, Lev LB, Yablecovitch D, et al. Treatment of Crohn’s disease with can-

nabis: an observational study. Isr Med Assoc J. 2011;13:455-458.

. Wright K, Rooney N, Feeney M, et al. Differential expression of cannabinoid

receptors in the human colon: cannabinoids promote epithelial wound healing.
Gastroenterology. 2005;129:437-453.

. Duncan M, Mouihate A, Mackie K, et al. Cannabinoid CB, receptors

in the enteric nervous system modulate gastrointestinal contractility in
lipopolysaccharide-treated rats. Am J Physiol Gastrointest Liver Physiol.
2008;295:G78-G87.

. Marquéz L, Suarez J, Iglesias M, et al. Ulcerative colitis induces changes on the

expression of the endocannabinoid system in the human colonic tissue. PLoS
One. 2009:;4:¢6893.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Harvey BS, Nicotra LL, Vu M, et al. Cannabinoid CB, receptor activation attenu-

ates cytokine-evoked mucosal damage in a human colonic explant model without
changing epithelial permeability. Cytokine. 2013;63:209-217.

. Engel MA, Kellermann CA, Burnat G, et al. Mice lacking cannabinoid

CB,-, CB,-receptors or both receptors show increased susceptibility to
trinitrobenzene sulfonic acid (TNBS)-induced colitis. J Physiol Pharmacol.
2010;61:89-97.

. Iwata Y, Ando K, Taniguchi K, et al. Identification of a highly potent and selec-

tive CB, agonist, RQ-00202730, for the treatment of irritable bowel syndrome.
Bioorg Med Chem Lett. 2015;25:236-240.

. Kikuchi A, Ohashi K, Sugie Y, et al. Pharmacological evaluation of a novel can-

nabinoid 2 (CB,) ligand, PF-03550096, in vitro and in vivo by using a rat model
of visceral hypersensitivity. J Pharmacol Sci. 2008;106:219-224.

. Han S, Thatte J, Buzard DJ, et al. Therapeutic utility of cannabinoid receptor

type 2 (CB(2)) selective agonists. J Med Chem. 2013;56:8224-8256.

. Han S, Thoresen L, Jung JK, et al. Discovery of APD371: identification of a

highly potent and selective CB, agonist for the treatment of chronic pain. ACS
Med Chem Lett. 2017;8:1309-1313.

. Hillsley K, McCaul C, Aerssens J, et al. Activation of the cannabinoid 2 (CB,)

receptor inhibits murine mesenteric afferent nerve activity. Neurogastroenterol
Motil. 2007;19:769-7717.

Rousseaux C, Thuru X, Gelot A, et al. Lactobacillus acidophilus modulates intes-
tinal pain and induces opioid and cannabinoid receptors. Nat Med. 2007;13:35-37.
Adams JW, Unett D, Anthony T, et al. APD371: a potent, highly selective, full
agonist of the human CB, receptor with sustained analgesic effects in rodents. J
Pain. 2018;19(suppl):S2.

Jones RCW, Turner S, Ruckle J, et al. Safety, tolerability, and pharmacokinetics of
APD371, a highly selective CB, agonist, in healthy adults. J Pain. 2018;19(suppl):S82.
Lucas CJ, Galettis P, Schneider J. The pharmacokinetics and the pharmacody-
namics of cannabinoids. Br J Clin Pharmacol. 2018;84:2477-2482.

Anand P, Whiteside G, Fowler CJ, et al. Targeting CB, receptors and the
endocannabinoid system for the treatment of pain. Brain Res Rev. 2009;60:255-266.
Dhopeshwarkar A, Mackie K. CB, cannabinoid receptors as a therapeutic
target—what does the future hold? Mol Pharmacol. 2014;86:430-437.

Docherty MJ, Jones RC III, Wallace MS. Managing pain in inflammatory bowel
disease. Gastroenterol Hepatol (N Y). 2011;7:592-601.

Ravikoff Allegretti J, Courtwright A, Lucci M, et al. Marijuana use pat-
terns among patients with inflammatory bowel disease. Inflamm Bowel Dis.
2013;19:2809-2814.

MacCallum CA, Russo EB. Practical considerations in medical cannabis admin-
istration and dosing. Eur J Intern Med. 2018;49:12-19.

Naftali T, Bar Lev Schlieder L, Sklerovsky Benjaminov F, et al. Cannabis induces
clinical and endoscopic improvement in moderately active ulcerative colitis (UC).
J Crohn’s Colitis. 2018;12:S306. Poster 398.

Irving PM, Igbal T, Nwokolo C, et al. A randomized, double-blind, placebo-
controlled, parallel-group, pilot study of cannabidiol-rich botanical ex-
tract in the symptomatic treatment of ulcerative colitis. Inflamm Bowel Dis.
2018;24:714-724.

11



