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Abstract

Objective—Despite the availability of evidence-based treatments for obsessive-compulsive 

disorder (OCD), not all patients experience sufficient benefit or are able to tolerate them. 

Tolcapone is a catechol-o-methyl-transferase (COMT) enzyme inhibitor that augments cortical 

dopaminergic transmission. Conduct a proof of concept study to examine whether a COMT 

inhibitor would reduce OCD symptoms to a greater extent than placebo.

Methods—We conducted a randomized, placebo-controlled, double-blind cross-over trial in 

adults with OCD (N=20). Participants were assessed at baseline, after 2 weeks of tolcapone, 

and again after 2 weeks of placebo on measures of OCD symptom severity and psychosocial 

functioning. There was a one-week washout period between the two-week treatment phases.

Results—Two weeks of tolcapone was associated with significant improvement in OCD versus 

two weeks of placebo (t=2.194, p=0.0409). The mean percentage decreases in the total YBOCS 

scores for the entire sample over the corresponding two-week periods were 16.4% for tolcapone 

and 3.6% for placebo.

Conclusions—These data indicate that brain penetrant COMT inhibitors merit further 

investigation as a candidate new treatment for OCD.

Keywords

obsessive compulsive disorder; treatment; pharmacology; COMT inhibitor; tolcapone

This work is licensed under a CC BY 4.0 International license.

Correspondence to: Jon E. Grant.

Correspondence: Jon E. Grant, JD, MD, MPH, Department of Psychiatry and Behavioral Neuroscience, University of Chicago, 
Pritzker School of Medicine, 5841 S. Maryland Avenue, MC-3077, Chicago, IL 60637 USA. jongrant@uchicago.edu. 

Declaration of Interests Dr. Grant has received research grants from the TLC Foundation for Body-Focused Repetitive Behaviors, 
and Otsuka, Biohaven, and Avanir Pharmaceuticals. He receives yearly compensation for acting as editor-in-chief of the Journal of 
Gambling Studies and has received royalties from Oxford University Press, American Psychiatric Publishing, Inc., Norton Press, and 
McGraw Hill. Dr. Chamberlain consults for Promentis and receives a stipend from Elsevier for editorial work. The other authors report 
no relevant disclosures.

Europe PMC Funders Group
Author Manuscript
Int Clin Psychopharmacol. Author manuscript; available in PMC 2021 September 01.

Published in final edited form as:
Int Clin Psychopharmacol. 2021 September 01; 36(5): 225–229. doi:10.1097/YIC.0000000000000368.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

https://creativecommons.org/licenses/by/4.0/


Background

Obsessive-Compulsive Disorder (OCD) is characterized by repetitive intrusive thoughts 

(obsessions) and/or repetitive rituals undertaken in response to those thoughts, or according 

to rigid rules (APA, 2013). OCD is a common psychiatric health disorder (prevalence 

rate of approximately 2%) and is often accompanied by increased anxiety, depression, and 

other psychosocial dysfunction (Grant, 2014). Current first-line treatments include cognitive 

behavioral therapy using exposure response prevention and/or serotonin reuptake inhibitors 

(SRIs) (Skapinakis et al., 2016). While helpful for many patients, not everyone can tolerate 

these interventions (e.g. SRIs often have intolerable sexual side effects), and up to 35% of 

people do not experience adequate symptom relief from them (Grant, 2014).

Tolcapone, a catechol-O-methyl-transferase (COMT) inhibitor, is available in some 

geographical jurisdictions (including the UK and USA) as an add-on agent for the specialist 

management of Parkinson’s Disease. The enzyme COMT serves to break down free 

dopamine in the prefrontal cortex; by blocking this enzyme, tolcapone enhances dopamine 

signaling in the cortex. In the frontal cortex, optimal dopamine modulation of prefrontal 

cortical networks appears to be necessary for a variety of cognitive functions, including 

planning, inhibition, attention, and response flexibility (Tunbridge et al., 2004; Robbins et 

al., 2009; Cools et al., 2011). Importantly, dysfunction of many of these cognitive domains 

has been implicated in OCD (Chamberlain et al., 2005; Fullana et al., 2020). Tolcapone 

has been found to modulate prefrontal cortex function in other settings, including when 

given over relatively short treatment durations (Ashare et al., 2013). Previously, open-label 

treatment with tolcapone was associated with symptomatic improvements in gambling 

disorder, which correlated with normalizing effects on brain activation during an executive 

planning task (Grant et al., 2013). Controlled studies have also reported some cognitive 

enhancing effects of tolcapone in healthy controls e.g. (Apud et al., 2007). Tolcapone may 

therefore offer promise for the treatment of OCD. Furthermore, our clinical experience 

suggests that when people are treated with tolcapone, they often report benefit within one to 

two weeks after starting the medication.

The aim of the current study was to examine the efficacy of two-week treatment with 

tolcapone in adults with OCD. This was a randomized, double-blind, placebo-controlled 

crossover design with a one-week washout between treatment periods. We hypothesized that 

tolcapone would significantly improve symptoms of OCD compared to placebo.

Methods

Participants were recruited via advertisements and referrals, and were adults, aged 18-65 

with a primary current Diagnostic and Statistical Manual Version 5 (DSM-5) diagnosis of 

OCD. All participants were recruited at a single site. Inclusion criteria included a current 

diagnosis of OCD with a minimum YBOCS severity score of 18. Participants were included 

if they were currently taking psychotropic medications as long as the dose had been stable 

for at least 3 months (only 5 were taking medication; see Results). Exclusion criteria were: 

1) Unstable medical illness, including liver disease, as determined by the investigator and 

liver function test; 2) History of seizures; 3) Clinically significant suicidality (defined by 
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the Columbia Suicide Severity Rating Scale); 4) Baseline score of ≥17 on the Hamilton 

Depression Rating Scale (17-item HDRS); 5) Lifetime history of bipolar disorder type I or 

II, schizophrenia, autism, any psychotic disorder, or any substance use disorder; 6) Initiation 

of psychotherapy or behavior therapy within 3 months prior to study baseline; 7) Previous 

treatment with tolcapone; 8) Any history of psychiatric hospitalization in the past year; and 

9) Currently pregnant (confirmed by urine pregnancy test).

Diagnosis was made using the clinician-administered Structured Clinical Interview for 
DSM-5 (First et al., 2015), and the Mini-International Neuropsychiatric Interview 7.0 
(Sheehan et al., 1998) was used to screen for co-occurring psychiatric disorders. OCD 

symptom severity at baseline and follow-up visits were examined using the Yale 
Brown Obsessive Compulsive Scale (YBOCS) (Goodman et al., 1989) (the YBOCS was 

administered by the first author who has been trained in the use of the YBOCS and has 

twenty years of experience using the instrument). Change in total YBOCS scores constituted 

the a priori primary outcome measure. We also assessed secondary outcome measures of 

psychosocial impairment using the Sheehan Disability Scale (SDS) (Sheehan, 1983); anxiety 

using the Hamilton Anxiety Rating Scale (HAM-A) (Hamilton, 1959) and depression with 

the Hamilton Depression Rating Scale (HAM-D) (Hamilton, 1960).

This was a fully counter-balanced, double-blind, placebo-controlled cross-over design in 

which participants received EITHER tolcapone 100mg twice daily for two weeks, followed 

by one-week washout, followed by placebo twice daily for two weeks; OR placebo twice 

daily for two-weeks, followed by one-week washout, followed by tolcapone 100mg twice 

daily for two weeks. The order of treatment was randomized. The washout period was 

intended top prevent possible carryover effects that might compromises the assessments and 

conclusions. The study had low risk of bias using the Cochrane criteria (see Risk of Bias 

Assessment Table, Supplemental Digital Content 1). Because tolcapone at these lower doses 

has few side effects, a cross-over design was considered as side effects should not jeopardize 

the blinding.

Participants were recruited in the study from the 19th of March 2019 until the 16th of 

September 2020. The authors assert that all procedures contributing to this work comply 

with the ethical standards of the relevant national and institutional committees on human 

experimentation and with the Helsinki Declaration of 1975, as revised in 2008. All 

procedures involving human subjects/patients were approved by the University of Chicago 

Institutional Review Board. After a comprehensive explanation of study procedures and 

an opportunity to ask any questions, all participants provided written informed consent. 

Participants were informed that tolcapone is not FDA-approved for the treatment of OCD 

and is therefore investigational. Participants were compensated 100 USD for time and travel 

associated with the four visits.

All efficacy and safety assessments were performed at each visit. Subjects who were not 

compliant with their use of study medication (i.e. failing to take medication for three or 

more consecutive days) were discontinued from the study.
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An external pharmacy independent of the research team conducted the sequence generation 

using randomized lists. Medication was also assigned by the external pharmacy independent 

of the research team. All medication and placebo were of identical appearance, and were 

supplied as such to the study team and participants. All participants and study personnel 

were fully blinded. Outcome assessment was fully blinded.

Safety Assessments

Safety and tolerability were assessed using spontaneously reported adverse events data, 

Columbia–Suicide Severity Rating Scale (C-SSRS) (Posner et al., 2011), vital signs, and 

by evaluating premature termination. Safety assessments (C-SSRS, sitting blood pressure, 

heart rate, adverse effects, and concomitant medications) were documented at each visit. 

Assessment of side effects was done at each visit. Adverse events were coded by system 

organ class and preferred term using the Medical Dictionary for Regulatory Activities 

(Med-DRA) Version 11.1. Liver function tests were performed at baseline and then at study 

endpoint until in-person office visits were not possible given the COVID19 pandemic. Due 

to the pandemic of COVID19, study participants were allowed to perform their baseline 

and follow-up visits online using encrypted videoconferencing with the clinician, instead 

of in person visits. Blood samples for assessment of liver function, therefore, were at 

the discretion of the study investigator, and where considered medically necessary, the 

participant had them drawn locally if possible and submitted to the study team.

Data Analysis

The analysis followed Intent-To-Treat principles, with Last-Observation-Carried-Forward 

for dropouts and missing data. The analytic approach was determined prior to data unlock. 

Changes in YBOCS total scores for placebo treatment and tolcapone treatment were 

compared using paired sample t-tests, which constituted the primary analysis. This method 

was appropriate because the design was fully counter-balanced and randomized. Changes 

in total depression and anxiety symptom scores, and disability, were examined, again 

using paired t-tests, as secondary analyses. Statistical significance was defined as p<0.05 

two-tailed.

Results

A total of 28 participants signed informed consents and were enrolled. Of those, eight 

individuals chose not to proceed with the baseline assessment or were deemed ineligible 

due to exclusion criteria and were not included for analysis (see CONSORT Diagram, 

Supplemental Digital Content 1). Of the remaining 20 subjects, their demographic and 

clinical variables are presented in Table 1.

The mean duration of OCD illness was 18.3 (± 12.6) years. Of the 20 participants, 16 (80%) 

reported some previous treatment for OCD (either psychotherapy or medication). Of the 20 

participants, 5 (25%) were taking other psychotropic medications prescribed specifically for 

the person’s OCD: two were taking sertraline (both at 100mg/d), two were taking fluoxetine 

(one on 40mg/d and one on 60mg/d), and one was prescribed venlafaxine (150mg/d). The 

current doses of medications had been stable for at least three months for each participant 
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before enrolling in the current study and remained unchanged for the duration of the study. 

No participant was currently undergoing psychotherapy.

Of the 20 subjects, 9 (45%) had current psychiatric comorbidities based on the MINI. 

Five met criteria for major depressive disorder, two for panic disorder with agoraphobia; 

two met criteria for social anxiety disorder, two for post-traumatic stress disorder, two 

for generalized anxiety disorder, two for at least one substance use disorder, and one for 

antisocial personality disorder.

When taking tolcapone, participants experienced a mean decrease in their total YBOCS 

scores of -4.24 (SD= 6.20), which differed significantly from the change observed under 

placebo treatment of -1.10 (SD= 4.71) (t=2.194, df=19, p=0.0409). Figure 1 shows violin 

plots for the change in YBOCS under each treatment condition. The mean percentage 

decreases in the total YBOCS scores for the entire sample over the corresponding two-week 

periods were 16.4% for tolcapone and 3.6% for placebo.

HAM-A scores changed by -1.90 (SD= 4.39) with active treatment and by -1.60 (SD= 

4.07) with placebo; and HAM-D scores changed by -1.65 (3.67) with active treatment 

and by - 2.00 (4.42) with placebo. The changes between the treatment conditions were 

non-significant for these two measures (t=0.2037, df=19, p=0.841; and t=0.292, df=19, 

p=0.774). SDS total scores changed by -2.68 (SD =4.41) under active treatment and by -1.97 

(SD= 6.62) under placebo conditions. The change between the treatment conditions on SDS 

was not significant (t=0.503, df=18, p=0.693). One person’s SDS data were missing at all 

time points (no data to carry forward).

Three adverse events occurred during active treatment, and three adverse events occurred 

during placebo treatment. All were of minor severity. Reported adverse events during 

tolcapone treatment were as follows: Mild headache, one patient; increased frequency of 

bowel movements, one patient; and blood in stool, one patient (this was followed up 

and found to be haemorrhoids). Reported adverse events during placebo treatment were 

as follows (each experienced by one patient per adverse event): Less frequent bowel 

movements, fatigue, muscle aching, and joint stiffness; and sleep problems. No suicidality 

was detected during the study at any time point on the C-SSRS.

Discussion

This randomized, placebo-controlled cross-over trial indicated that two-week treatment 

using tolcapone (100mg twice daily) was associated with significant symptomatic 

improvement in OCD as compared to two-week administration of placebo. The likely 

mechanism is that tolcapone enhanced cortical dopamine transmission and therefore top­

down executive control over habitual patterns of behavior. The finding of significant 

separation from placebo after two weeks may suggest that longer studies using tolcapone 

for OCD may be worthwhile to see if even greater benefit is possible. This finding of 

benefit after two weeks of medication is in fact not new to OCD. Early research on 

fluvoxamine found that although full response to medication took approximat5ely 8 weeks, 

the medication actually demonstrated statistically significant improvement compared to 

Grant et al. Page 5

Int Clin Psychopharmacol. Author manuscript; available in PMC 2021 September 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



placebo after only two weeks of administration (Goodman et al., 1989). The percentage 

decrease in YBOCS total scores did not meet the threshold for “responder” generally 

defined by clinical trials, but the change in YBOCS in a two-week exposure was expected 

to be small and therefore it would be inappropriate to expect measures such as responder 

status to be relevant in this study. This small study was intended merely to see if tolcapone 

produced a signal and therefore would merit further study.

Limitations of this study include that the study design (including the extremely short 

duration of treatment) and the nature of the sample (primarily of individuals with relatively 

mild illness) precluded more complex statistical modelling. Additionally, a major confound 

in the study is the fact that some patients were being treated with SRIs and some were not. 

Although numerically those on SRIs do not appear to have had a better or worse response to 

tolcapone based on change in total YBOCS scores, this variable represents a confounder in 

our anlaysis.

These data indicate that tolcapone, a brain penetrant COMT inhibitor, merits further 

evaluation as candidate treatment for OCD, in clinical trials of greater sample size and 

duration than herein. The study may also raise questions about COMT inhibitors as a 

class of potential medications as they have a distinct neurochemical mode of action versus 

existing pharmacotherapies for OCD (e.g. SRIs), and may offer advantages in terms of 

enhancing top-down executive control (Tunbridge et al., 2004; Apud et al., 2007).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding

This study was funded by internal funds. Dr. Chamberlain’s role in this study was funded by a Wellcome Trust 
Clinical Fellowship (110049/Z/15/Z & 110049/Z/15/A).

References

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th. 
American Psychiatric Publishing; Arlington, VA: 2013. DSM-5

Apud JA, Mattay V, Chen J, Kolachana BS, Callicott JH, Rasetti R, Alce G, Iudicello JE, Akbar N, 
Egan MF, Goldberg TE, et al. Tolcapone improves cognition and cortical information processing 
in normal human subjects. Neuropsychopharmacology. 2007; 32 (5) :1011–20. DOI: 10.1038/
sj.npp.1301227 [PubMed: 17063156] 

Ashare RL, Wileyto EP, Ruparel K, Goelz PM, Hopson RD, Valdez JN, Gur RC, Loughead 
J, Lerman C. Effects of tolcapone on working memory and brain activity in abstinent 
smokers: a proof-of-concept study. Drug Alcohol Depend. 2013; 133 (3) :852–6. DOI: 10.1016/
j.drugalcdep.2013.09.003 [PubMed: 24095246] 

Barlow RL, Alsiö J, Jupp B, Rabinovich R, Shrestha S, Roberts AC, Robbins TW, Dalley JW. Markers 
of serotonergic function in the orbitofrontal cortex and dorsal raphé nucleus predict individual 
variation in spatial-discrimination serial reversal learning. Neuropsychopharmacology. 2015; 40 (7) 
:1619–30. DOI: 10.1038/npp.2014.335 [PubMed: 25567428] 

Chamberlain SR, Blackwell AD, Fineberg NA, Robbins TW, Sahakian BJ. The neuropsychology of 
obsessive compulsive disorder: the importance of failures in cognitive and behavioural inhibition as 
candidate endophenotypic markers. Neurosci Biobehav Rev. 2005; 29 (3) :399–419. DOI: 10.1016/
j.neubiorev.2004.11.006 [PubMed: 15820546] 

Grant et al. Page 6

Int Clin Psychopharmacol. Author manuscript; available in PMC 2021 September 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Cools R, D’Esposito M. Inverted-U-shaped dopamine actions on human working memory and 
cognitive control. Biol Psychiatry. 2011; 69 (12) :e113–25. DOI: 10.1016/j.biopsych.2011.03.028 
[PubMed: 21531388] 

First, MB, Williams, JBW, Karg, RS, Spitzer, RL. Structured Clinical Interview for DSM-5: Research 
Version. American Psychiatric Association; Arlington, VA: 2015. 

Fullana MA, Abramovitch A, Via E, López-Sola C, Goldberg X, Reina N, Fortea L, Solanes 
A, Buckley MJ, Ramella-Cravaro V, Carvalho AF, et al. Diagnostic biomarkers for obsessive­
compulsive disorder: A reasonable quest or ignis fatuus? Neurosci Biobehav Rev. 2020; 118 :504–
513. DOI: 10.1016/j.neubiorev.2020.08.008 [PubMed: 32866526] 

Goodman WK, Price LH, Rasmussen SA, Mazure C, Fleischmann RL, Hill CL, Heninger GR, 
Charney DS. The Yale-Brown Obsessive Compulsive Scale. I. Development, use, and reliability. 
Arch Gen Psychiatry. 1989; 46 (11) :1006–11. DOI: 10.1001/archpsyc.1989.01810110048007 
[PubMed: 2684084] 

Goodman WK, Price LH, Rasmussen SA, Delgado PL, Heninger GR, Charney DS. Efficacy 
of fluvoxamine in obsessive-compulsive disorder. A double-blind comparison with placebo. 
Arch Gen Psychiatry. 1989 Jan; 46 (1) :36–44. DOI: 10.1001/archpsyc.1989.01810010038006 
[PubMed: 2491940] 

Grant JE. Clinical practice: Obsessive-compulsive disorder. N Engl J Med. 2014; 371 (7) :646–53. 
DOI: 10.1056/NEJMcp1402176 [PubMed: 25119610] 

Grant JE, Odlaug BL, Chamberlain SR, Hampshire A, Schreiber LR, Kim SW. A proof of 
concept study of tolcapone for pathological gambling: relationships with COMT genotype 
and brain activation. Eur Neuropsychopharmacol. 2013; 23 (11) :1587–96. DOI: 10.1016/
j.euroneuro.2013.07.008 [PubMed: 23953269] 

Guy, W. ECDEU Assessment Manual for Psychopharmacology. National Institute of Mental Health; 
Rockville, MD: 1976. 76–338. 

Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol. 1959; 32 (1) :50–5. DOI: 
10.1111/j.2044-8341.1959.tb00467.x [PubMed: 13638508] 

Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry. 1960; 23 (1) :56–62. DOI: 
10.1136/jnnp.23.1.56 [PubMed: 14399272] 

Robbins TW, Arnsten AF. The neuropsychopharmacology of fronto-executive function: 
monoaminergic modulation. Annu Rev Neurosci. 2009; 32 :267–87. DOI: 10.1146/
annurev.neuro.051508.135535 [PubMed: 19555290] 

Sheehan, DV. The Anxiety Disease. Scribner’s; New York: 1983. 

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, Hergueta T, Baker R, Dunbar 
GC. The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development and validation 
of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry. 1998; 
59 (Suppl 20) :22–33. [PubMed: 9881538] 

Skapinakis P, Caldwell D, Hollingworth W, Bryden P, Fineberg N, Salkovskis P, Welton N, Baxter 
H, Kessler D, Churchill R, Lewis G. A systematic review of the clinical effectiveness and 
cost-effectiveness of pharmacological and psychological interventions for the management of 
obsessive-compulsive disorder in children/adolescents and adults. Health Technol Assess. 2016; 20 
(43) :1–392. DOI: 10.3310/hta20430 [PubMed: 27306503] 

Tunbridge EM, Bannerman DM, Sharp T, Harrison PJ. Catechol-o-methyltransferase inhibition 
improves set-shifting performance and elevates stimulated dopamine release in the rat prefrontal 
cortex. J Neurosci. 2004; 24 (23) :5331–5. DOI: 10.1523/JNEUROSCI.1124-04.2004 [PubMed: 
15190105] 

Grant et al. Page 7

Int Clin Psychopharmacol. Author manuscript; available in PMC 2021 September 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 1. Violin plots for the change in YBOCS under each treatment condition.
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Table 1
Baseline demographics

Mean (SD) / Percentage (N) Range

Age 36.9 (12.73) 19-61

Gender (% female) 40% (8) -

Ethnicity - -

Caucasian 60% (12) -

African American 20% (4) -

Latino/Hispanic 5% (1) -

Other 10% (2) -

Missing data 5% (1) -

Medication at baseline - -

Yes 30% (6) -

No 25% (5) -

Missing 45% (9) -

Comorbidities - -

Yes 45% (9) -

No 55% (11) -

Education - -

High school graduate 5% (1) -

Some college 25% (5) -

College graduate 40% (8) -

College + 30% (6) -

YBOCS Total 21.4 (4.06) 18-29

HAM-A 6.55 (5.84) 0-16

HAM-D 6.50 (5.80) 0-20

Comorbidities (N): Major depressive episode (5), panic disorder (2), agoraphobia (2), social phobia (2), post-traumatic stress disorder (2), 
substance dependence/abuse (2), generalized anxiety disorder (2), antisocial personality disorder (1). All comorbidities refer to current disorders. 
YBOCS: Yale-Brown Obsessive-Compulsive Scale; HAM-A: Hamilton Anxiety Rating Scale; HAM-D: Hamilton Depression Rating Scale.
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