
• AEs were transient and of predominantly mild or moderate severity
• There were no serious treatment-related AEs
• AEs potentially related to abuse, such as dizziness or somnolence, were not correlated 

with elevated VAS scores and did not differ between REL-1017 and placebo groups

• Placebo and REL-1017 groups did not differ in VAS scores for “drug liking,” “drug 
high,” or “desire to take the drug again”

• CADSS scores for potential dissociative effects did not differ between REL-1017 and 
placebo groups

• There were no indications of abuse-related events related 
to study drug as per MADDERS®

• Changes from baseline on the PWC-20, COWS, and SOWS were slight and not clinically meaningful and lacked between-
group differences at each time point
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• The N-methyl-D-aspartate receptor (NMDAR) 
uncompetitive antagonist esmethadone (REL-1017) is an 
antidepressant candidate currently in Phase 3 development 
with promising pharmacokinetic, safety, tolerability, and 
efficacy results from Phase 1 and 2 trials1-3

• REL-1017 is the dextro-isomer of racemic methadone; 
however, it does not have meaningful mu opioid agonism4 
and may antagonize the respiratory depression and 
euphoria of levomethadone, the opioid active enantiomer in 
racemic methadone5

• Available data demonstrate that REL-1017 has no 
meaningful reinforcing effects in preclinical models6 and no 
meaningful abuse potential in recreational users, even at 
supratherapeutic doses7

• Because of the substance misuse vulnerability of patients 
with major depressive disorder (MDD), we further evaluated 
the abuse and dependence potential of REL-1017 in two 
Phase 3 trials of patients with MDD

INTRODUCTION

• To assess the abuse and dependence potential of REL-
1017 in patients with MDD enrolled in two Phase 3 trials 
(NCT04688164 and NCT04855747) by (1) leveraging 
established measurements that could signal abuse 
potential8 and (2) examining withdrawal effects after abrupt 
discontinuation

AIM

Study Design:
• Two Phase 3, 28-day, outpatient, randomized, double-blind, 

placebo-controlled trials of once-daily oral REL-1017 were 
conducted in 18- to 65-year-old patients with MDD 

• In study 301, REL-1017 or placebo was administered 
across 43 US centers as an adjunctive treatment to 
patients with inadequate response to standard 
antidepressants

• In study 303, REL-1017 or placebo was administered to 
patients as monotherapy across 45 US centers

• Patients were randomly assigned to receive 75 mg REL-
1017 (loading dose) or placebo on Day 1, followed by 25 
mg REL-1017 or placebo from Day 2 to Day 28

• Established measurements of abuse potential were used 
during the trial (Days 1-42)

• Potential withdrawal was rated for 14 days from the final 
day of treatment (from Day 28 baseline until Day 42)

Measurements:
• Safety analysis of all adverse events (AEs) was performed, 

and narratives for predefined AEs potentially related to 
abuse were collected

• “Drug liking,” “drug high,” and “desire to take the drug 
again” were measured at fixed time points (Days 4, 7, 14, 
21, and 28) with a 0- to 100-point visual analogue scale 
(VAS)

• The Misuse, Abuse, and Diversion Drug Event Reporting 
System (MADDERS®) was used to assess potentially 
abuse-related events8

• Potential withdrawal after abrupt treatment discontinuation 
was rated for 14 days from the final day of treatment (Day 
28) using the Physician Withdrawal Checklist (PWC-20), 
Clinical Opiate Withdrawal Scale (COWS), and Subjective 
Opiate Withdrawal Scale (SOWS)

• Potential dissociative effects were assessed with the 
Clinician-Administered Dissociative States Scale (CADSS) 

METHODS

Drs. Shram and Pappagallo contributed equally. This work was funded by 
Relmada Therapeutics, Inc. Drs. Shram, Henningfield, Gorodetzky, Vocci, 
Sapienza, Folli, Pappagallo, Manfredi, Kosten, and Inturrisi have received 
consultant fees from Relmada Therapeutics, Inc. Dr. De Martin is employed by 
or has received compensation from companies or institutions that received 
funding from Relmada Therapeutics, Inc. and has received grant support from 
MGGM LLC and consultant fees from Neuroarbor LLC. Dr. Guidetti has 
received consultant fees from MGGM LLC. Drs. O’Gorman and Traversa are 
employees of Relmada Therapeutics, Inc. Drs. Inturrisi and Manfredi are co-
inventors of technology related to esmethadone.

DISCLOSURES

RESULTS

Study 303Study 301

Variable All patients
(N=232)

REL-1017
25 mg

(N=116)

Placebo
(N=116)

All patients
(N=227)

REL-1017
25 mg

(N=113)

Placebo
(N=114)

%N%N%N%N%N%N
50.911853.46248.35651.111648.75553.561Patients with ≥1 TEAE*

32.87633.63931.93725.65826.53024.628Patients with ≥1 
treatment-related TEAE

000000000000Patients with ≥1 serious
treatment-related TEAE

1.741.721.723.171.824.45Patients with TEAE leading
to withdrawal of study drug
TEAEs occurring in 5% or more of patients per treatment arm in either study

10.32411.2139.5119.72211.5137.99Headache
6.0149.5112.637.0165.368.810COVID-19

3.991.726.076.2147.185.36Upper respiratory tract
infection

7.3179.5115.265.7137.184.45Nausea
2.663.441.725.3124.456.17Diarrhea
3.482.634.354.4102.736.17Constipation
6.5158.6104.354.096.271.82Dizziness
3.995.262.630.920.910.91Dry mouth
4.3105.263.441.841.821.82Fatigue

*A TEAE is defined as an AE that starts or worsens at any time after initiation of study drug.

Table 1. Treatment-emergent adverse events (TEAEs). -

Study 303Study 301

Time points REL-1017 25 mg
(N=116)

Placebo
(N=116)

REL-1017 25 mg
(N=113)

Placebo
(N=114)

Mean (SD)NMean (SD)NMean (SD)NMean (SD)N

REL-1017 25 mg
(N=116)

Placebo
(N=116)

REL-1017 25 mg
(N=113)

Placebo
(N=114)

Mean (SD)NMean (SD)NMean (SD)NMean (SD)N

1.9 (5.2)1141.4 (3.2)1141.0 (2.2)1101.1 (3.0)109Baseline
1.2 (4.5)820.9 (2.7)870.6 (1.3)890.4 (1.5)84Day 4
0.8 (3.1)1070.7 (2.4)1060.5 (1.8)1090.5 (1.8)108Day 7
0.8 (2.7)1050.6 (2.2)1010.3 (1.0)1060.3 (1.1)104Day 14
0.6 (2.3)1030.2 (0.8)970.3 (0.8)1010.2 (0.7)99Day 21
0.4 (1.8)1040.2 (0.6)990.3 (0.8)1050.1 (0.4)89Day 28

0.7 (4.1)900.2 (0.5)710.2 (0.7)930.2 (0.6)88Day 30
(safety follow-up)

0.6 (3.1)910.2 (0.7)690.2 (0.9)910.1 (0.3)87Day 32
(safety follow-up)

0.8 (2.9)910.3 (1.6)710.1 (0.5)980.1 (0.3)89
Day 35
(safety follow-up)

0.6 (3.2)920.6 (2.6)800.1 (0.6)980.2 (0.6)93Day 42
(safety follow-up)
The CADSS is a 23-item scale where each item is scaled from 0 to 4 corresponding to the dissociative states of not at 
all, mild, moderate, severe, and extreme, thus resulting in a total score that ranges from 0 to 92. A higher total score 
suggests a higher likelihood that there is a dissociative state.

Study 303Study 301
Treatment
time points
(Days 1-28)

57.3 (28.5)4852.4 (24.5)5350.2 (25.2)4452.9 (24.8)35Day 4Do you 
like the 
drug effect
you are
feeling 
now?

53.3 (27.5)8746.3 (28.4)8953.2 (28.3)7554.3 (25.0)77Day 7
52.0 (29.6)7447.9 (29.9)7154.9 (24.5)6151.3 (27.4)52Day 14
53.0 (29.8)7348.6 (28.3)7357.9 (26.8)5452.8 (27.5)57Day 21
52.1 (31.4)9350.2 (29.8)8153.1 (27.4)7452.9 (29.4)62Day 28
14.0 (26.0)4816.8 (27.5)5312.0 (23.2)4413.2 (23.9)35Day 4

How high 
are you 
now?

8.4 (18.1)8810.4 (20.0)8912.1 (22.2)7511.6 (20.7)77Day 7
11.6 (21.8)7412.9 (24.0)719.6 (21.1)6115.7 (25.4)52Day 14
11.2 (21.2)7313.2 (23.3)7314.7 (27.1)5413.8 (24.7)57Day 21
9.2 (21.4)9311.3 (22.0)819.8 (23.3)749.2 (19.9)63Day 28
60.4 (26.8)4854.2 (27.6)5355.8 (25.5)4456.3 (20.1)35Day 4

Overall, 
my liking 
for this 
drug is…

57.8 (27.9)8847.5 (29.8)8958.9 (27.5)7559.3 (27.9)77Day 7
57.2 (29.9)7449.6 (30.3)7158.7 (25.7)6155.9 (29.3)52Day 14
59.3 (30.9)7349.4 (29.6)7362.0 (27.4)5454.5 (29.4)57Day 21
56.9 (32.3)9353.4 (29.8)8159.7 (28.0)7454.9 (31.5)63Day 28
65.8 (28.1)4856.6 (28.5)5362.9 (28.9)4464.1 (24.9)35Day 4Would you

want to 
take the 
drug 
again?

58.9 (31.9)8854.0 (31.8)8963.5 (28.3)7563.0 (32.4)77Day 7
56.8 (32.5)7450.3 (30.5)7164.4 (27.1)6156.3 (31.4)52Day 14
57.5 (32.8)7349.4 (31.0)7365.6 (29.4)5457.8 (31.8)57Day 21
56.2 (35.6)9355.3 (30.6)8162.1 (28.2)7454.7 (36.4)63Day 28

The VAS is a psychometric response scale. For each VAS item, participants provide their level of agreement with a 
statement by selecting a position along a continuous line between 2 endpoints.

Table 3. CADSS scores. Day 28 was the last day of study drug treatment.

Table 2. VAS scores. 

Assessments of abuse potential

Study 303Study 301
Withdrawal 
assessment 
time points 
(Days 1-14)

REL-1017 25 
mg (N=93)

Placebo
(N=77)

REL-1017 25 
mg (N=97)

Placebo
(N=87)

Mean
(SD)NNNMean 

(SD)
Mean 
(SD)

Mean 
(SD)N

REL-1017 25 
mg (N=93)

Placebo
(N=77)

REL-1017 25 
mg (N=97)

Placebo
(N=87)

Mean
(SD)NNNMean 

(SD)
Mean 
(SD)

Mean 
(SD)N

7.1
(6.19)917.0

(5.27)746.0
(5.30)92

89

7.0
(6.50)85

Day 28
(end of 
treatment)

875.1
(4.64)

705.8
(5.16)

80Day 2

6.0 
(5.89)875.1

(4.71)674.7
(4.81)886.1

(5.68)80Day 4

6.9
(6.08)896.3

(6.17)704.9
(4.86)956.9

(6.04)81Day 7

7.4
(6.73)906.5

(6.21)745.4
(4.99)967.2

(5.72)83Day 14

Day 28
(end of 
treatment)
Day 2

Day 4

Day 7

Day 14

The PWC-20 is a validated 20-item physician-rated survey that evaluates the 
severity of potential drug withdrawal symptoms. Items are rated on a scale 
between 0 and 3, and total scores range from 0 to 60. Larger values indicate 
greater symptom severity.

Study 303Study 301
Withdrawal 
assessment 
time points 
(Days 1-14)

REL-1017 25
mg (N=93)

Placebo
(N=77)

REL-1017 25
mg (N=97)

Placebo
(N=87)

Mean 
(SD)

Mean 
(SD) NNMean 

(SD)NMean 
(SD)N

5.9
(5.26)79

5.5 
(4.67)625.8 

(5.06)676.7 
(6.51)62

Day 28
(end of 
treatment)

2.7 
(3.34)49

2.9 
(3.62)383.2 

(6.68)424.8 
(3.94)42

Day 1

3.5 
(5.15)55

2.9 
(4.12)434.1 

(7.16)514.0
(3.50)42

Day 2

3.6 
(5.14)52

3.7 
(4.45)444.1

(7.20)444.2 
(4.79)39

Day 3

3.8 
(5.37)54

2.9 
(3.73)414.5 

(6.38)504.2 
(4.81)41

Day 4

3.8 
(5.44)53

2.7 
(3.45)444.4 

(6.86)383.5 
(3.73)38

Day 5

3.3
(5.10)55

2.6 
(3.49)484.1 

(6.12)443.2 
(3.41)37

Day 6

2.9
(4.10)55

3.6 
(4.63)483.8 

(5.78)513.4 
(3.37)43

Day 7

2.7 
(4.56)53

3.0 
(4.43)444.4 

(8.29)373.8
(4.80)36

Day 8

2.5 
(4.61)49

3.0 
(4.07)413.5 

(7.01)323.1 
(3.44)31

Day 9

2.9 
(4.73)46

3.0 
(4.11)412.9 

(6.27)383.4 
(3.75)34

Day 10

2.8 
(5.35)42

2.5 
(3.40)383.7

(7.10)362.5
(3.41)32

Day 11

(3.4) 
(6.37)45

2.9 
(3.89)403.2 

(4.92)292.7 
(3.67)27

Day 12

3.0 
(6.37)44

2.3 
(3.19)404.0

(7.32)333.2
(4.40)33

Day 13

3.0 
(5.38)52

3.3 
(4.89)404.1 

(6.48)392.8 
(3.45)27

Day 14

The SOWS is a 16-item self-rated questionnaire that assesses how participants feel 
about a list of withdrawal symptoms on a scale of 0 (not at all) to 4 (extremely). The 
total score is the sum of the 16 ratings and ranges from 0 to 64.

Table 4. PWC-20 scores.

Study 303Study 301
Withdrawal
assessment
time points
(Days 1-14)

0.5
(1.57)900.4

(0.74)730.5
(1.05)940.4

(0.80)86

0.4
(0.88)86

86

0.2
(0.57)66

65

0.6
(0.96)90

90

0.5
(1.07)79

0.6
(1.04)

0.5
(0.90)

0.6
(1.16)

0.6
(1.19)79

0.6
(1.24)890.5

(1.30)690.6
(1.04)950.6

(0.99)80

0.4
(0.95)900.5

(1.28)740.5
(0.90)970.4

(0.96)86

The COWS is an 11-item scale with a total score ranging from 0 to 48. A total score 
of 5 to 12 is considered mild withdrawal, a total score of 13 to 24 suggests 
moderate withdrawal, a total score of 25 to 36 suggests moderately severe 
withdrawal, and a total score above 36 suggests severe withdrawal.

Assessments of withdrawal
Table 6. SOWS scores.

Table 5. COWS scores.

Study 303Study 301
Demographics

37.4 (13.0)43.5 (14.6)Years of age, mean (SD)

35.3 (4.5)35.0 (4.8)
Montgomery-Åsberg Depression 
Rating Scale (MADRS) total score, 
mean (SD)

25.248 (3.250)26.026 (3.035)Body mass index (kg/m2), mean (SD)
Sex

78 (33.6)58 (25.6)Male
154 (66.4)169 (74.4)Female

Race
14 (6.0)13 (5.7)Asian
43 (18.5)30 (13.2)Black/African American

165 (71.1)175 (77.1)White
6 (2.6)6 (2.6)Multiracial
4 (1.7)3 (1.3)Other

Ethnicity
82 (35.3)52 (22.9)Hispanic or Latino

146 (62.9)164 (72.2)Not Hispanic or Latino
4 (1.7)9 (4.0)Not reported
0 (0.0)2 (0.9)Unknown

Number of eventsDecision type
5Independent review*
6Panel decision
11Total cases adjudicated

PlaceboREL-1017Category classification of events
00Abuse
00Misuse
00Suicide-related

2 (1 pt)5 (2 pts)Therapeutic error†

00Withdrawal
1 (1 pt)3 (2 pts)None of these‡

00Unable to classify
*MADDERS® Adjudication Committee (MAC) members independently review and 
adjudicate each case. If there is no agreement reached during independent 
adjudication, then the case goes to Panel meeting for MAC to review as a group 
and reach consensus. 
†Refers to unintentional prescriber or patient errors, such as erroneous prescription 
or erroneous instructions from a healthcare provider; incorrect medication 
dispensed; patient not taking the medication according to directions.
‡Sufficient information reveals that none of the previous categories apply (e.g., 
misplacing pills or pill containers). 

Table 7. Summary of potentially abuse-related events 
reviewed by the MADDERS®.

Table 8. Baseline demographic characteristics. 

• Among 459 patients across 2 studies who received either placebo or REL-1017 for 28 days, there were no 
indications of abuse potential as assessed through multiple measures 
◦ AEs were mild or moderate and transient, and there were no treatment-related serious AEs
◦ AEs potentially related to abuse, such as dizziness or somnolence, were not correlated with elevated VAS scores 

and did not differ among groups 
• Across the 354 patients taken from both studies who participated in the safety withdrawal assessment, 

abrupt discontinuation was not associated with withdrawal signs or symptoms
• The results of these Phase 3 trials were consistent with the favorable tolerability and safety profile of REL-

1017 seen in Phase 1 and Phase 2 studies1,2 and were consistent with earlier abuse liability studies showing 
no meaningful abuse potential for REL-10176,7

CONCLUSIONS
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