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Abstract

Sickle Cell Disease (SCD) is a hemoglobinopathy affecting millions of people globally.
Pain, both acute and chronic, affects over half of those living with SCD, but treatment
of chronic pain is an ongoing challenge. While opioid treatments are widely used

for chronic pain, it’s efficacy is limited, so alternatives must be explored. This proto-
col outlines a procedure for investigation of dronabinol, an FDA-approved synthetic
tetrahydrocannabinol (THC), for the treatment of pain in patients living with SCD and
chronic pain. The study is an 8-week, randomized, double-blind placebo-controlled
study which aims to assess both the efficacy and safety of this opioid alternative to
pain treatment. The study will also track biomarkers of inflammation as THC has
demonstrated anti-inflammatory properties, and inflammation is a driver of SCD pain
and disease severity. Results from this study have the potential to further clinical
understanding of cannabinoids for pain management in Sickle Cell Disease treatment
and spark new questions for research.

Introduction

Sickle cell disease (SCD) is an inherited blood disorder, characterized by hemoglo-
bin that polymerizes under hypoxic conditions, causing sickling of the red blood cells
and leading to chronic hemolysis and vaso-occlusion [1]. Chronic pain, defined as
ongoing pain on most days over the past 6 months, affects over half of the 100,000
Americans living with SCD [2,3]. Chronic pain in SCD is multifactorial and can be due
to tissue damage, inflammation, neuropathic pain, and peripheral and central nervous
system sensitization [1].
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Despite the prevalence of chronic pain in patients with SCD, treatment remains
challenging. Opioid treatment is the current standard therapy for acute pain but is
often also used for chronic pain [3]. However, meta-analysis reveals limited evidence
of the efficacy of opioid treatment in relation to its associated risk for treatment of
chronic SCD pain [4—7]. There is a critical need for additional agents to treat chronic
pain in SCD.

Cannabis is currently being evaluated to treat chronic pain in a myriad of diseases,
including in SCD. Cannabis and other cannabinoid products are frequently used
among some patients with SCD [8,9]. One survey conducted at an urban, academic
medical center treating SCD patients found that 42% of respondents reported mar-
ijuana use within the past 2 years, a majority of whom endorsed marijuana use for
pain [10]. Another study showed patients living with SCD who obtained medical
cannabis at an urban academic medical center had a reduction in the rate of admis-
sions compared to those who requested medical cannabis certification but never
obtained it [9]. In a randomized, placebo-controlled study, the use of inhaled cannabis
numerically reduced pain and pain interference, as measured by the Brief Pain Inven-
tory, in patients with SCD and chronic pain but the reduction did not meet statistical
significance, though improvement in mood did [11]. While some patients with SCD
are already using cannabinoid-containing products for pain, the safety, efficacy, and
mechanisms of pain relief need further investigation.

Dronabinol is an FDA approved oral agent containing synthetic THC, the primary
active ingredient in cannabis, and is a potential agent for pain management in SCD
[12,13]. Dronabinol has been shown to be effective for the treatment of chronic pain
and neuropathic pain in other diseases [14,15]. It has also been demonstrated to
have a possible anti-inflammatory effect [16]. Thus, we hypothesized that dronabi-
nol may be efficacious in treating chronic pain in SCD. To address this hypothesis,
we designed a randomized placebo controlled double blinded study which aims to
explore the efficacy of dronabinol as an adjunct treatment for chronic pain manage-
ment in SCD, its potential to improve quality of life and reduce inflammation, and its
safety and associated adverse effects [4—6].

Materials and methods

Aims

This two-arm randomized, double-blind, placebo-controlled study is designed to test
the efficacy of dronabinol, an FDA-approved synthetic tetrahydrocannabinol (THC),

as an oral intervention for the treatment of pain in patients living with sickle cell dis-

ease and chronic pain.

The trial’s primary outcome is to assess the effect of dronabinol on pain impact,
as measured by the Adult Sickle Cell Quality of Life Measurement (ASCQ-Me) Pain
Impact score, in adults with sickle cell disease and chronic pain [17,18].

We hypothesize that, compared to the control group receiving placebo, partici-
pants randomized to receive the intervention drug will demonstrate an improvement
in pain impact at 8 weeks compared to baseline. Additionally, we hypothesize that
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those randomized to the intervention arm will report an improvement in quality of life and reduction in biomarkers of
inflammation.

Trial design

This study is an 8-week, double-blind, randomized controlled trial. Adults will be randomized to receive oral dronabinol
twice daily (treatment arm) or oral placebo (control arm) with a one-to-one allocation at patient individualized doses for 8
weeks (Fig 1). As tolerance to THC varies among individuals, dosing is individualized per patient with the aim to maximize
dose while minimizing intolerable side effects [19]. Tolerability is defined by patient preference and the absence of unde-
sirable side effects. Individualized doses will be determined by dose titration over the phone in the first 1-5 days of the
study.

Study setting

Patients will be recruited from the Adult Sickle Cell Program at Mount Sinai Hospital, New York, United States. All study
procedures will be undertaken at the Mount Sinai Hospital.

Eligibility criteria
The clinical research coordinator will consult the study physician to determine if a potential participant is eligible for the
trial. If the Pl determines that a potential participant is likely eligible and the participant expresses interest in the trial, then

the patient will be approached for enroliment (Table 1). Members of the research team including the Principal Investigator
(P1) and clinical research coordinators are responsible for assessing whether a potentially eligible patient has the ability to

Day | Dose:
Smg (Two 2.5mg capsules) BID

Well tolerated?

4

Day 2 Dose: Day 2 Dose:
7.5mg (Three 2.5mg capsules) BID 2.5mg (One 2.5mg capsule) BID
Well tolerated? E \ FINAL DOSE
Day 3 Dose: Day 3 Dose:
10 (Four 2.5mg capsules) BID 5 (Two 2.5mg capsules) BID
Well tolerated? E \ FINAL DOSE
Day 4 Dose: Day 4 Dose:
10 (Four 2.5mg capsules) BID 7.5mg (Three 2.5mg capsules) BID
FINAL DOSE FINAL DOSE

Fig 1. Individualized dronabinol dosing schema.

https://doi.org/10.1371/journal.pone.0340917.9001
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Table 1. Participant eligibility criteria for participation in the CRISP study.

Inclusion Criteria

Exclusion Criteria

Aged 18 years and older

Patient who self-reports daily cannabis use in the
past year

All genotypes of sickle cell disease

Patients who are pregnant, breast-feeding, or
actively trying to become pregnant

Stable dosages of any SCD-modifying therapy (i.e.,
hydroxyurea, voxelotor, crizanlizumab, L-glutamine,
and/or blood transfusions) as well as any opioids

Patients who are unwilling to use an acceptable
form of birth control (i.e., IUD, implants, pills, con-
traceptives, and true abstinence)

Negative urine toxicology for cannabinoids at least
30 days prior to randomization

Presence or known history of psychotic episode/
psychosis or active suicidality (defined by Prodro-
mal Questionnaire Brief and Columbia Suicide
Severity Rating Scale respectively)

Patients who can become pregnant must provide
a negative pregnancy test at least 30 days prior to
randomization

A diagnosis of a current substance-use disorder
and/or diagnosis of severe cardiovascular disease
in the 6 months prior to consent.

Self-reported pain on most days for 6 months

Unwillingness to avoid use of other cannabis

products

ASCQ-Me Pain Impact score <60
https://doi.org/10.1371/journal.pone.0340917.t001

Unable to provide informed consent

provide written informed consent. Eligible patients will continue on to a screening visit. Screening visits include obtaining
informed consent, completing a full eligibility check, and assigning a subject identification number. All study materials will
be provided in English.

Sreening procedure/randomization

Only individuals who meet the inclusion criteria and do not meet any exclusion criteria will become active trial participants.
Participants who fail to meet all inclusion criteria will be notified and withdrawn from the study.

Randomization

Randomization will be stratified 1:1 by the presence of neuropathic pain, as determined by the Leeds Assessment of Neuro-
pathic Symptoms and Signs (LANSS) and self-reported cannabis usage via a computerized algorithm in REDCap [20].

Data collection and management

Demographic data, clinical and patient reported outcomes will be collected at weeks 0, 4, and 8. Safety outcomes and adverse
events will be collected at weeks 0, 2, 4, 6, and 8. Prior to randomization, participants will be assigned individualized subject
ID numbers so that data can be electronically collected and stored in REDCap without any identifying information (Fig 2).

Patient reported outcomes collected include: Patient-Reported Outcomes Measurement Information System (PROMIS)
pain interference (6b), PROMIS neuropathic pain quality (5a), PROMIS nociceptive pain quality (5a), PROMIS anxiety
(8a), PROMIS GI nausea and vomiting (4a), PROMIS cognitive function (8a), Adult Sickle Cell Quality of Life Mea-
surement (ASCQ_-Me emotional impact, ASCQ-Me pain impact, ASCQ-Me sleep impact, ASCQ-Me stiffness impact,
ASCQ-Me social functioning impact, and ASCQ-Me sickle cell medical history checklist [17,18]. LANSS pain scale will be
completed at the enrollment/screening visit and then repeated at visit 3 and 5.

Safety assessments include: The Columbia suicide severity rating scale, Prodromal questionnaire brief will be repeated
at visits 2, 3, 4, and 5 (week 2, 4, 6, and 8 respectively), as well as any patient reported adverse effects.

Local laboratory and biomarker assessments will be collected at weeks 0, 4, and 8 and will include complete blood
count, reticulocyte count, complete metabolic panel, lactate dehydrogenase, direct bilirubin, tryptase, c-reactive protein,
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Pre-Study
Enrollment, Consent,
Baseline Pain and
Safety Assessments,
Urine Toxicology

Study Visit 1
(Week 0)
Randomization

Baseline Safety
Assessments Labs,
Quality of Life
Assessments

(Days 1-4)
(Televisit)
Dose Titration

l

Study Visit 2 (Week 2)
Side Effects and Safety
Agsessments

Study Visit 3 (Week 4)
Side Effects and Safety

Assessments, Labs,
Quality of Life

Assessments

v

Study Visit 4 (Week
0) (Televisit)
Side Effects
Assessment

Study Visit S (Week 8)
Side Effects and Safety
> Assessments, Labs,
Qualify of Life
Agsessments

Fig 2. Schedule and flow of study participant visits and assessments.

https://doi.org/10.1371/journal.pone.0340917.9002

cytokines, VCAM, and P-selectin. Samples collected at weeks 4 and 8 will be sent out for cannabinoid testing to National
Medical Services (NMS) Labs.

Adherence

Patients will be provided with a medication log to record capsules taken each day and any symptoms experienced. For the
duration of the study, the clinical research coordinator will routinely record adherence status by counting any remaining
study medications that the participant returns as well as totaling the reported number of capsules taken recorded in the
medication log. Upon receipt of any study investigational product, the research coordinator will count and return remain-
ing capsules to the research pharmacy. Failure to abstain from other cannabinoid-containing products will be defined as
the presence of any minor cannabinoids in the serum present at weeks 4 or 8. To maintain blinding, serum cannabinoid
results will not be reviewed by any member of the study team until after the patient has completed the study.

Sample size and power calculation

A prior study investigated the sensitivity of PROMIS pain impact and determined that changes in chronic pain patients who
stated pain was a “little better” had an average 1.8 points with a SD of 6.6 points. Meanwhile, those who reported to be
“much better” were associated with an average increase of 6.8 points with a SD of 6.5 points. Based on these positions,
we have chosen a change of 5 points to represent a clinically meaningful improvement of chronic pain, with an estimated
SD of 6.5 points, for the purposes of this study. A sample size of 28 patients in each group (56 total) will yield 80% power
to detect a difference of 5 points for pain impact score from baseline at a two-sided 0.05 significance level between the
two groups.
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Analysis

Participant recruitment began in June 2022 and is expected to be completed in February 2027 with final data collection
anticipated by May 31¢t, 2027. Results are anticipated in 2027—2028. The primary study outcome is pain impact as defined
by the PROMIS pain impact instrument. A difference in differences model will be used to examine the changes from
baseline (week 0) through week 8 to compare the effects of dronabinol versus placebo. A linear, mixed effects, repeated
measures model will be utilized for measures of inflammation, peripheral blood markers of hemolysis, inflammatory cell
populations, and pain scores. Generalized linear models will be applied to healthcare utilization measures.

An initial analysis will be completed using intent-to-treat classification in which all participants who are randomized will
be included in the statistical analysis. All randomized subjects, regardless of which treatment they received, are analyzed
according to the group they were originally assigned. Secondary analysis will be done omitting subjects who took less
than 70% of planned doses as well as those who failed to abstain from other cannabinoid-containing products.

Oversight and monitoring

The DSMB will meet every 6 months to discuss the study’s progress, approve alterations or amendments to the study
protocol, oversee data quality, and review interim analyses. They will also be responsible for monitoring safety and
reviewing adverse events (AEs) and serious adverse events (SAEs). AEs will be defined as any temporary unfavorable
and unintended symptoms or disease that is associated with the use of a drug. SAEs will include death, hospitalization,
life-threatening events, or permanent impairment.

Ethical considerations

This study protocol has been approved by the Institutional Review Board (IRB). Written, informed consent will be obtained
from all participants. Any significant changes to the protocol outlined above (e.g., study design, sample size, or other
study aspects) will be written into a formal amendment to be submitted and approved by the IRB before implementation.
Participants will be required to be re-consented if any new information results in changes to the consent form.

Discussion

This study aims to investigate the efficacy of dronabinol, an FDA approved agent containing synthetic THC, for
chronic pain management in patients living with SCD. If findings reveal an association between the use of dronab-
inol and a reduction of chronic pain, this should be examined in a larger study. Further, evaluation of inflammatory
biomarkers in study participants throughout the study period will provide data on whether dronabinol has an anti-
inflammatory effect in people with SCD. Finally, our study will assess the safety of using an oral THC containing
agent in this population.

We chose to examine dronabinol because we believe it may be harm reductive. As an FDA approved oral substance,
it is safer than unregulated cannabis. Unregulated cannabis is of variable quality and can be contaminated with harmful
substances [21]. Unregulated cannabis is also most-commonly inhaled, but inhaled cannabis is associated with pulmo-
nary toxicity, which can be especially detrimental in SCD [22]. Dronabinol could reduce rates of both unregulated cannabis
and opioid use. Participants are asked about prior cannabis use during screening and a urine toxicology test must be
negative for the presence of cannabinoids prior to randomization. To examine if subjects use other cannabinoid-containing
products during the study, serum samples are sent for mass spectrometry to confirm the presence of minor cannabinoids.
We will thus be able to examine if previous cannabis users are able to replace unregulated cannabis use with dronabinol.
Dronabinol may be further harm-reductive by offering an alternative to opioids. Cannabinoids have gained traction in the
fight against opioid addiction [23]. A 2016 cross-sectional retrospective study found a 64% decrease in opioid use when
cannabinoids are used in conjunction with opioid medication in the treatment of chronic pain [24]. However, another study
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found that among patients with SCD who were certified for medical marijuana, between those who did and did not acquire
medical marijuana, no decrease in opioid use was observed [9]. Thus, the potential of dronabinol to reduce the use of two
harmful substances, unregulated cannabis and opioids, requires further investigation.

Dronabinol and any THC containing agent poses some safety concerns which need to be examined in people
living with SCD. Some of the reported side effects are drowsiness, confusion, and impairment of cognition [23,25].
These are of particular concern in people with SCD already using opioids, which could exacerbate these side effects.
However, they may improve if opioid use is reduced by dronabinol or if fatigue and cognition is worsened by chronic
pain, which dronabinol may alleviate. To evaluate these risks, we have included validated measures of mood, social
functioning, and cognition as outcomes. Another area of concern for high-dose THC is its association with the risk
of psychosis. A 2016 meta-analysis found an almost 4-fold increase in risk of developing psychosis for the heaviest
users (as defined by the study) and a 2-fold increase for the average cannabis user in comparison to nonusers [26].
We have excluded from the study anyone with a history of psychosis or risk for psychosis or suicidality as defined
by the Columbia-Suicide Severity Rating Scale and the Prodromal Questionnaire — Brief Version [27,28]. By doing
this we aim for our study to not only evaluate the potential benefits of dronabinol use in people living with sickle cell
disease but also its potential harms.

Our study has multiple limitations. First, it is a small, short (8 weeks), single-center study. Additionally, blinding
may be compromised as at higher doses THC is psychoactive and patients may recognize these effects [29].
Additionally, we are examining the potential effects of dronabinol on chronic pain in sickle cell disease but are not
examining its effects on pain crisis severity or frequency. Larger, longer, multicenter studies should be done to
confirm our study findings and answer further questions. Despite these limitations, our study will still lead to import-
ant discoveries about the potential benefits of dronabinol as an agent for the treatment of chronic pain in sickle cell
disease or for harm reduction.

In conclusion, findings from our study provide an introduction into the understanding of whether dronabinol is an effec-
tive treatment for SCD patients with chronic pain. Further research is needed to better understand the long-term effects of
dronabinol. Using patient reported questionnaires and blood laboratory results, this study offers clinicians the opportunity
to gain critical insight into the potential of dronabinol to improve pain control in adults with Sickle Cell Disease.

Supporting information
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(DOCX)
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(DOCX)

Author contributions

Conceptualization: Jeffrey Glassberg.

Funding acquisition: Susanna Curtis.

Methodology: Susanna Curtis.

Project administration: Jordan Bellis, Lydia Monk, Susanna Curtis.

Supervision: Jeffrey Glassberg, Susanna Curtis.

Writing — original draft: Jordan Bellis, Lydia Monk, Ritika Jhawar, Susanna Curtis.

Writing — review & editing: Jordan Bellis, Lydia Monk, Galia Pollock, Angela Liu, Charleen Jacobs-McFarlane, Brittany
McCrary, Jeffrey Glassberg, Susanna Curtis.

PLOS One | https:/doi.org/10.1371/journal.pone.0340917  January 28, 2026 719



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0340917.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0340917.s002

PLO\S\% One

References
1. Brandow AM, Liem RI. Advances in the diagnosis and treatment of sickle cell disease. J Hematol Oncol. 2022;15(1):20. https://doi.org/10.1186/
$13045-022-01237-z PMID: 35241123
2. Field JJ. Five lessons learned about long-term pain management in adults with sickle cell disease. Hematology Am Soc Hematol Educ Program.
2017;2017(1):406-11. https://doi.org/10.1182/asheducation-2017.1.406 PMID: 29222285
3. Dampier C, Palermo TM, Darbari DS, Hassell K, Smith W, Zempsky W. AAPT Diagnostic Criteria for Chronic Sickle Cell Disease Pain. J Pain.
2017;18(5):490-8. https://doi.org/10.1016/j.jpain.2016.12.016 PMID: 28065813
4. Osunkwo I, O’Connor HF, Saah E. Optimizing the management of chronic pain in sickle cell disease. Hematology Am Soc Hematol Educ Program.
2020;2020(1):562-9. https://doi.org/10.1182/hematology.2020000143 PMID: 33275672
5. Sidhom D, Aboul-Hassan D, Clauw DJ, Cofield C, Bergmans R. Chronic pain management in sickle cell disease: A systematic scoping review of
controlled trials. Crit Rev Oncol Hematol. 2023;190:104087. https://doi.org/10.1016/j.critrevonc.2023.104087 PMID: 37541536
6. Chou R, Hartung D, Turner J, Blazina |, Chan B, Levander X, et al. Opioid Treatments for Chronic Pain. Rockville (MD): Agency for Healthcare
Research and Quality (US); 2020. Available: http://www.ncbi.nlm.nih.gov/books/NBK556253/
7. Carroll CP, Lanzkron S, Haywood C Jr, Kiley K, Pejsa M, Moscou-Jackson G, et al. Chronic Opioid Therapy and Central Sensitization in Sickle Cell
Disease. Am J Prev Med. 2016;51(1 Suppl 1):S69-77. https://doi.org/10.1016/j.amepre.2016.02.012 PMID: 27320469
8. Paulsingh CN, Mohamed MB, Elhaj MS, Mohamed N, Ahmed TH, Singh T, et al. The Efficacy of Marijuana Use for Pain Relief in Adults With Sickle
Cell Disease: A Systematic Review. Cureus. 2022;14(5):€24962. https://doi.org/10.7759/cureus.24962 PMID: 35706744
9. Curtis SA, Lew D, Spodick J, Hendrickson JE, Minniti CP, Roberts JD. Medical marijuana certification for patients with sickle cell disease: a report
of a single center experience. Blood Adv. 2020;4(16):3814—-21. https://doi.org/10.1182/bloodadvances.2020002325 PMID: 32790846
10. Roberts JD, Spodick J, Cole J, Bozzo J, Curtis S, Forray A. Marijuana Use in Adults Living with Sickle Cell Disease. Cannabis Cannabinoid Res.
2018;3(1):162-5. https://doi.org/10.1089/can.2018.0001 PMID: 30014039
11.  Abrams DI, Couey P, Dixit N, Sagi V, Hagar W, Vichinsky E, et al. Effect of Inhaled Cannabis for Pain in Adults With Sickle Cell Disease: A Ran-
domized Clinical Trial. JAMA Netw Open. 2020;3(7):e2010874. https://doi.org/10.1001/jamanetworkopen.2020.10874 PMID: 32678452
12. Swartwood C, Salottolo K, Madayag R, Bar-Or D. Efficacy of Dronabinol for Acute Pain Management in Adults with Traumatic Injury: Study Protocol
of A Randomized Controlled Trial. Brain Sci. 2020;10(3):161. https://doi.org/10.3390/brainsci10030161 PMID: 32178232
13. Narang S, Gibson D, Wasan AD, Ross EL, Michna E, Nedeljkovic SS, et al. Efficacy of dronabinol as an adjuvant treatment for chronic pain
patients on opioid therapy. J Pain. 2008;9(3):254—64. https://doi.org/10.1016/}.jpain.2007.10.018 PMID: 18088560
14. Meng H, Johnston B, Englesakis M, Moulin DE, Bhatia A. Selective Cannabinoids for Chronic Neuropathic Pain: A Systematic Review and
Meta-analysis. Anesth Analg. 2017;125(5):1638-52. https://doi.org/10.1213/ANE.0000000000002110 PMID: 28537982
15. Sharma D, Brandow AM. Neuropathic pain in individuals with sickle cell disease. Neurosci Lett. 2020;714:134445. https://doi.org/10.1016/.
neulet.2019.134445 PMID: 31454562
16. Schimrigk S, Marziniak M, Neubauer C, Kugler EM, Werner G, Abramov-Sommariva D. Dronabinol Is a Safe Long-Term Treatment Option for
Neuropathic Pain Patients. Eur Neurol. 2017;78(5-6):320-9. https://doi.org/10.1159/000481089 PMID: 29073592
17. Intro to ASCQ-Me. [cited 18 Sept 2025]. Available: https://www.healthmeasures.net/explore-measurement-systems/ascg-me/intro-to-ascqg-me
18. Keller S, Yang M, Treadwell MJ, Hassell KL. Sensitivity of alternative measures of functioning and wellbeing for adults with sickle cell disease:
comparison of PROMIS® to ASCQ-Me*V. Health Qual Life Outcomes. 2017;15(1):117. https://doi.org/10.1186/s12955-017-0661-5 PMID: 28577358
19. Colizzi M, Bhattacharyya S. Cannabis use and the development of tolerance: a systematic review of human evidence. Neurosci Biobehav Rev.
2018;93:1-25. https://doi.org/10.1016/j.neubiorev.2018.07.014 PMID: 30056176
20. Bennett M. The LANSS Pain Scale: the Leeds assessment of neuropathic symptoms and signs. Pain. 2001;92(1-2):147-57. https://doi.
org/10.1016/s0304-3959(00)00482-6 PMID: 11323136
21. Dryburgh LM, Bolan NS, Grof CPL, Galettis P, Schneider J, Lucas CJ, et al. Cannabis contaminants: sources, distribution, human toxicity and phar-
macologic effects. Br J Clin Pharmacol. 2018;84(11):2468-76. https://doi.org/10.1111/bcp.13695 PMID: 29953631
22. Underner M, Urban T, Perriot J, de Chazeron |, Meurice J-C. Cannabis smoking and lung cancer. Rev Mal Respir. 2014;31(6):488-98. https://doi.
org/10.1016/j.rmr.2013.12.002 PMID: 25012035
23. Legare CA, Raup-Konsavage WM, Vrana KE. Therapeutic Potential of Cannabis, Cannabidiol, and Cannabinoid-Based Pharmaceuticals. Pharma-
cology. 2022;107(3—4):131-49. https://doi.org/10.1159/000521683 PMID: 35093949
24. Boehnke KF, Litinas E, Clauw DJ. Medical Cannabis Use Is Associated With Decreased Opiate Medication Use in a Retrospective Cross-Sectional
Survey of Patients With Chronic Pain. J Pain. 2016;17(6):739—44. https://doi.org/10.1016/j.jpain.2016.03.002 PMID: 27001005
25. Food and Drug Administration. Marinol® New drug application: Food and Drug Administration: FDA. 2004. Available: https://www.accessdata.fda.
gov/drugsatfda_docs/label/2017/018651s029Ibl.pdf
26. Marconi A, Di Forti M, Lewis CM, Murray RM, Vassos E. Meta-analysis of the Association Between the Level of Cannabis Use and Risk of Psycho-
sis. Schizophr Bull. 2016;42(5):1262-9. https://doi.org/10.1093/schbul/sbw003 PMID: 26884547
27. Loewy RL, Pearson R, Vinogradov S, Bearden CE, Cannon TD. Psychosis risk screening with the Prodromal Questionnaire--brief version (PQ-B).

Schizophr Res. 2011;129(1):42-6. https://doi.org/10.1016/j.schres.2011.03.029 PMID: 21511440

PLOS One | https://doi.org/10.1371/journal.pone.0340917  January 28, 2026 8/9



https://doi.org/10.1186/s13045-022-01237-z
https://doi.org/10.1186/s13045-022-01237-z
http://www.ncbi.nlm.nih.gov/pubmed/35241123
https://doi.org/10.1182/asheducation-2017.1.406
http://www.ncbi.nlm.nih.gov/pubmed/29222285
https://doi.org/10.1016/j.jpain.2016.12.016
http://www.ncbi.nlm.nih.gov/pubmed/28065813
https://doi.org/10.1182/hematology.2020000143
http://www.ncbi.nlm.nih.gov/pubmed/33275672
https://doi.org/10.1016/j.critrevonc.2023.104087
http://www.ncbi.nlm.nih.gov/pubmed/37541536
http://www.ncbi.nlm.nih.gov/books/NBK556253/
https://doi.org/10.1016/j.amepre.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/27320469
https://doi.org/10.7759/cureus.24962
http://www.ncbi.nlm.nih.gov/pubmed/35706744
https://doi.org/10.1182/bloodadvances.2020002325
http://www.ncbi.nlm.nih.gov/pubmed/32790846
https://doi.org/10.1089/can.2018.0001
http://www.ncbi.nlm.nih.gov/pubmed/30014039
https://doi.org/10.1001/jamanetworkopen.2020.10874
http://www.ncbi.nlm.nih.gov/pubmed/32678452
https://doi.org/10.3390/brainsci10030161
http://www.ncbi.nlm.nih.gov/pubmed/32178232
https://doi.org/10.1016/j.jpain.2007.10.018
http://www.ncbi.nlm.nih.gov/pubmed/18088560
https://doi.org/10.1213/ANE.0000000000002110
http://www.ncbi.nlm.nih.gov/pubmed/28537982
https://doi.org/10.1016/j.neulet.2019.134445
https://doi.org/10.1016/j.neulet.2019.134445
http://www.ncbi.nlm.nih.gov/pubmed/31454562
https://doi.org/10.1159/000481089
http://www.ncbi.nlm.nih.gov/pubmed/29073592
https://www.healthmeasures.net/explore-measurement-systems/ascq-me/intro-to-ascq-me
https://doi.org/10.1186/s12955-017-0661-5
http://www.ncbi.nlm.nih.gov/pubmed/28577358
https://doi.org/10.1016/j.neubiorev.2018.07.014
http://www.ncbi.nlm.nih.gov/pubmed/30056176
https://doi.org/10.1016/s0304-3959(00)00482-6
https://doi.org/10.1016/s0304-3959(00)00482-6
http://www.ncbi.nlm.nih.gov/pubmed/11323136
https://doi.org/10.1111/bcp.13695
http://www.ncbi.nlm.nih.gov/pubmed/29953631
https://doi.org/10.1016/j.rmr.2013.12.002
https://doi.org/10.1016/j.rmr.2013.12.002
http://www.ncbi.nlm.nih.gov/pubmed/25012035
https://doi.org/10.1159/000521683
http://www.ncbi.nlm.nih.gov/pubmed/35093949
https://doi.org/10.1016/j.jpain.2016.03.002
http://www.ncbi.nlm.nih.gov/pubmed/27001005
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/018651s029lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/018651s029lbl.pdf
https://doi.org/10.1093/schbul/sbw003
http://www.ncbi.nlm.nih.gov/pubmed/26884547
https://doi.org/10.1016/j.schres.2011.03.029
http://www.ncbi.nlm.nih.gov/pubmed/21511440

PLO\S\%- One

28. Posner K, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo MA, et al. The Columbia-Suicide Severity Rating Scale: initial validity and inter-
nal consistency findings from three multisite studies with adolescents and adults. Am J Psychiatry. 2011;168(12):1266—77. https://doi.org/10.1176/
appi.ajp.2011.10111704 PMID: 22193671

29. Wilsey B, Deutsch R, Marcotte TD. Maintenance of Blinding in Clinical Trials and the Implications for Studying Analgesia Using Cannabinoids.
Cannabis Cannabinoid Res. 2016;1(1):139-48. https://doi.org/10.1089/can.2016.0016 PMID: 28861490

PLOS One | https:/doi.org/10.1371/journal.pone.0340917  January 28, 2026 9/9



https://doi.org/10.1176/appi.ajp.2011.10111704
https://doi.org/10.1176/appi.ajp.2011.10111704
http://www.ncbi.nlm.nih.gov/pubmed/22193671
https://doi.org/10.1089/can.2016.0016
http://www.ncbi.nlm.nih.gov/pubmed/28861490

