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Abstract 

Background  Many adults living with sickle cell disease (SCD) suffer from chronic pain, turning to cannabis for relief. 
However, there are few studies that examine the efficacy of cannabis in treating pain associated with SCD. Prior 
to an efficacy study, a feasibility study is necessary to evaluate if such a study would be acceptable to patients, includ-
ing those who use cannabis; if participants would be able to abstain from other cannabinoid-containing substances 
during the study; if masking would be feasible; and if dronabinol would prove safe.

Methods  We approached outpatients with SCD of any genotype at healthy baseline and asked about interest 
in such a study. If eligible enrolled participants received dronabinol or placebo for two, 2-week periods. Feasibility 
outcomes were acceptability (patient interest and enrollment rates), protocol adherence (completion of stud pro-
cedures), cannabinoid avoidance, and masking effectiveness. Patient-reported outcomes (PRO), laboratory markers 
of inflammation, and urine tests for the presence of cannabinoids were collected after each exposure period.

Results  A total of 27 patients were approached; 23 (85%) were interested, 13 (48%) signed consents, and 6 (22%) 
were enrolled so the study was determined to be acceptable. Patients who used unregulated cannabis and medi-
cal cannabis also found the study acceptable. All enrolled participants successfully completed all study procedures. 
Urine testing revealed no cannabinoid use except for study drug, so the study was determined to be feasible. While 4 
out of 6 (67%) participants correctly identified their exposure assignment after the first study period, all 6 (100%) iden-
tified the exposure assignment after the second treatment period, so masking after the second period was not feasi-
ble. No serious adverse events were attributed to dronabinol.

Conclusion  In conclusion, a controlled study of dronabinol is acceptable, feasible, and safe to participants. However, 
a crossover design compromises participant masking. A larger, longer, controlled efficacy study without the crossover 
component is now being performed (NCT05519111).

Trial registration

NCT03978156. Date of registration: 07/26/2019.
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Key messages regarding feasibility

•	 What uncertainties existed regarding the feasibility? 
We sought to study whether dronabinol, an FDA-
approved oral cannabinoid, would ameliorate pain in 
people living with sickle cell disease in a randomized 
placebo-controlled crossover study. However, before 
an efficacy study could be done, key feasibility ques-
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tions had to be answered. 1. Would patients living 
with sickle cell disease be interested in participating 
in a study of an FDA-approved cannabinoid, espe-
cially those already using cannabis containing prod-
ucts as both unregulated cannabis use for the treat-
ment of pain is common in this population and we 
certify patients for medical cannabis at our center. 2. 
Would patients who were already using cannabis be 
willing and able to avoid all other cannabinoid-con-
taining products while on study? 3. Will the psycho-
active components of dronabinol enable subjects to 
be able to distinguish dronabinol from placebo?

•	 What are the key feasibility findings? 1. Patients liv-
ing with sickle cell disease are interested in partici-
pating in a study of dronabinol for the treatment of 
pain, even those who use unregulated cannabis or 
medical cannabis. 2. Subjects are willing and able to 
avoid all other cannabinoid-containing products. 3. 
While only 4/6 subjects guessed study assignment in 
the first treatment phase, 6/6 guessed assignments of 
both phases in the second phase which suggests the 
crossover design of the study makes masking dron-
abinol more difficult.

•	 What are the implications of the feasibility find-
ings for the design of the main study? A longer, 
larger, phase 2 study for examining the efficacy of 
dronabinol for the treatment of pain in people liv-
ing with sickle cell disease is now being performed 
(NCT05519111); however, the design is no longer a 
crossover study given the poor effects on masking.

Background
Pain is the most common symptom associated with 
sickle cell disease (SCD) [1]. Smith et  al. (2008) 
reported that 54% of adults with SCD reported pain 
on most days, and 29% have pain almost daily [21]. 
Chronic pain defined as pain on most days is multi-
factorial and can be due to tissue and nerve damage, 
inflammation, and central and peripheral pain sensiti-
zation. A significant minority of adults with SCD, rang-
ing from 25 to 50%, report use of cannabis to treat this 
pain [2]. Yet, there is only one rigorous study of can-
nabinoids in SCD, largely due to scientific and regula-
tory barriers. This was a single-center, prospective, 
placebo-controlled, double-masked, crossover, rand-
omized study of daily exposure to a pharmaceutical-
grade formulation of inhaled cannabis for 5 days [3]. 
Although improvement in pain did not meet statisti-
cal significance, there was an improvement in mood. 
Other studies have been survey measures of patient-
reported use of illicit or, where available, medical or 
recreational marijuana products [2, 4–7]. These survey 

studies are heterogeneous in terms of the nature of the 
cannabinoid (natural or refined product), dose and con-
tent of cannabinoids (tetrahydrocannabinol (THC), 
cannabidiol (CBD/CBG), other), and method of use 
(inhaled, swallowed, transcutaneous absorption). We 
hypothesized that these barriers might be addressed 
by conducting a study using an already FDA-approved 
cannabinoid. An FDA-approved drug would be phar-
maceutical grade, allowing consistency in cannabinoid 
content, dose, and method of use. There are currently 
three cannabinoids that exist in FDA-approved form: 
dronabinol (an oral synthetic THC approved for treat-
ment of nausea and appetite stimulation), nabilone (an 
oral synthetic analog of THC approved for treatment 
of nausea), and Epidiolex (a liquid formulation of CBD 
approved for the treatment of seizure disorders) [8, 9]. 
We chose to utilize dronabinol, as there is stronger evi-
dence of the effectiveness of THC for the treatment of 
pain and there is evidence specifically for dronabinol, 
although CBD has been shown to have possible benefits 
as well.

A rigorous randomized controlled pilot study exam-
ining the possible effect of a cannabinoid treating SCD-
related pain should involve prolonged administration and 
be sufficiently powered to show any clinically significant 
benefits. However, before such a study is conducted, 
a pilot study should be done to address four important 
questions: (1) Would patients with SCD want to partici-
pate in such a study? (2) Would patients already utilizing 
regulated or unregulated cannabis products be inter-
ested, would they be willing and able to stop this use 
while on study, and could this be verified in a quantita-
tive way? (3) Would the psychoactive properties of THC 
interfere with masking? (4) Would cannabinoid use be 
safe in people with SCD, particularly with patients using 
large doses of opioids, which have many adverse effects 
in common with THC?

We conducted this pilot study to determine the feasi-
bility and acceptability of a study on the use of dronabinol 
for the treatment of pain in adults with SCD. Feasibility 
was defined as the percent of enrolled patients who com-
pleted all study procedures. Our study was a randomized, 
placebo-controlled, double-masked, crossover pilot study 
involving 2 weeks of patient-optimized doses of dron-
abinol/placebo followed by a 2-week wash-out period 
and concluding in 2 weeks of whichever treatment was 
not previously received. Our goal was to confirm that 
patients living with SCD would be interested in such a 
study, that patients who are already utilizing regulated 
or unregulated products would be interested, that mask-
ing could be preserved, and that such a study would be 
safe. While small pilot studies cannot prove the effi-
cacy of a treatment, they can optimize study design and 
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improve the odds of launching and successfully pursuing 
a larger, more expensive, definitive study with appropri-
ate endpoints.

Methods
The pilot protocol was approved by the Yale Univer-
sity Institutional Review Board. All participants were 
provided with written informed consent before study 
enrollment. The study was performed, and the data was 
collected at the Sickle Cell Program at the Yale Can-
cer Center. The trial was registered at clinicaltrials.gov 
NCT03978156.

Patients
Inclusion criteria: Any genotype of SCD (homozygous 
hemoglobin S (HbSS), sickle hemoglobin C disease 
(HbSC), sickle β0 thalassemia (HSβ0), sickle β+ thalas-
semia (HSβ+), or other genotypes), adults (≥ 18 years of 
age), pain at baseline (defined by Adult Sickle Cell Qual-
ity of Life Measurement Information System (ASCQ-Me) 
Pain Impact score ≤ 60), urine toxicology test negative for 
cannabinoids within 30 days of signing consent, stable 
dose of any disease-modifying medication (hydroxyu-
rea, L-glutamine, or scheduled blood transfusions) for 3 
months.

Exclusion criteria
Previous diagnosis of psychosis, pregnancy, or breast-
feeding, and ability to become pregnant with unwilling-
ness to use acceptable contraception.

Trial design
This study was a randomized, placebo-controlled, dou-
ble-masked crossover feasibility study. The pilot study 

consisted of a screening phase, a 7-week long treatment 
period, and a 12-week follow-up evaluation phase. The 
treatment period consisted of two 2-week treatment 
phases with a 2-week wash-out period in between and a 
follow-up visit after all treatment has been completed on 
the seventh week (Fig. 1). Participants were enrolled dur-
ing clinic visits for regular care at the Sickle Cell Center 
at the Yale Cancer Center. Participants were randomized 
to receive either placebo or dronabinol first in blocks of 
four, and randomization was performed centrally without 
stratification. Randomization and participant assignment 
were done electronically by the investigational pharma-
cist. Enrollment was done by the investigators.

Dose
The dose of dronabinol was titrated from 2.5 mg twice 
daily to 10 mg twice daily to suit each patient individu-
ally. Participants initially took a dose of 5 mg twice daily 
on the first day of treatment. Investigators then made 
daily phone calls during the next 4 days to determine the 
individualized dose. The goal of titration was to reach the 
maximum dose at which no unpleasant side effects were 
experienced by the patient. Participants then continued 
with their individualized dose for the remainder of the 
treatment phase (Fig. 2).

Outcomes
The primary outcomes of this pilot study were feasibility 
and acceptability. Acceptability was defined as the per-
centage of patients who expressed interest in the study, 
the percentage of those who signed consent, and the 
percentage of randomized participants. Feasibility was 
determined by the percentage of study procedures com-
pleted by randomized participants (including weekly 

Fig. 1  Study scheme
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visits, weekly surveys, pill diaries, lab draws, and urine 
toxicology tests), the percentage of participants who 
refrained from using other cannabinoids during the study 
period, and the success of study masking.

We determined based on other pilot studies exam-
ining acceptability and feasibility that the study would 
be considered acceptable to either the general popula-
tion or people who already utilized cannabis if > 70% 

of patients expressed interest in the study. Accept-
ability would further require that 50% of patients who 
reported interest in the study were willing to return for 
screening and if 50% of those patients were randomized 
and enrolled as we estimated the other 50% of patients 
may not meet eligibility criteria.

If the study was not acceptable to the general popu-
lation, we would not move forward with the efficacy 
study. If the study was not acceptable to those that 

Fig. 2  CONSORT statement
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already utilize related or unregulated cannabis, they 
would be excluded from the efficacy study.

We determined based on previous pilot studies that the 
study would be considered feasible if enrolled patients 
attended 90% of study visits and completed 90% of study 
procedures and if < 20% of patients had evidence of other 
cannabinoid use during the study period. If the study was 
not feasible based on these criteria, we would not move 
forward with the efficacy study.

We determined that masking would be considered suc-
cessful if at each timepoint < 75% of patients were unable 
to correctly guess their treatment assignment. If masking 
was not successful based on this criterion, we would con-
sider other methods for masking.

We would consider dronabinol unsafe in this popula-
tion if more than 1 severe adverse event was attributed to 
dronabinol.

The study’s acceptability was initially assessed by que-
rying all participants about their history of prior canna-
bis and medical cannabis use. History of prior cannabis 
use was determined by participants’ self-report of previ-
ous lifetime cannabis use. History of medical cannabis 
use was defined as the dispensation of a medical mari-
juana product recorded within at least 3 months of study 
enrollment.

Avoidance of other cannabinoids: Urine samples were 
collected at the end of each treatment phase and at the 
end of the wash-out phase. These samples were tested 
for metabolites of multiple cannabinoids including THC 
(THC-COOH), CBD, and CBG. Since cannabinoids 
derived from plants consist of multiple cannabinoids, 
while dronabinol consists of THC alone, the presence 
of non-THC cannabinoid metabolites was considered to 
be indicative of use of cannabinoid products other than 
dronabinol. In a previous publication, we demonstrated 
that the presence of CBD and CBG in the urine was 96.4% 
sensitive in differentiating the use of other cannabinoids 
from dronabinol alone [10]. Cannabinoids were detected 
using multiple reaction monitoring using a Xevo TQ-S 
triple quadrupole mass spectrometer (Waters), operated 
in negative electrospray ionization mode [10]. Investiga-
tors remained masked to the results of all urine testing to 
preserve study masking.

Study masking: Both participants and investigators 
were masked throughout the study. Participants were 
asked whether they believed they were receiving dron-
abinol or placebo at the end of each treatment phase. At 
the follow-up study visit, they were then asked during 
which phase they thought they had received dronabinol 
and during which phase they thought they had received 
placebo.

Secondary outcomes
Patient characteristics
Patient characteristics collected included age, gender, 
race, ethnicity, SCD genotype, medications, history of 
cannabis use, and history of medical cannabis use. SCD 
severity was collected using the ASCQ-Me sickle cell 
disease medical history checklist (SCD-MHC) [11, 12]. 
ASCQ-Me is a patient-reported outcome survey system 
comprising multiple quality of life domains validated for 
adults with SCD. In the ASCQ-Me validation cohort, 
patients who self-reported excellent health had an aver-
age SCD-MHC score of 1, those reporting good health 
had an average score of 1.9, and those reporting poor 
health had an average score of 2.6.

Patient‑reported outcomes
Patient-reported outcomes (PRO) were collected using 
ASCQ-Me surveys. The ASCQ-Me surveys were chosen 
as they are previously validated publicly accessible sur-
veys developed by the National Institutes of Health using 
people living with SCD as the anchoring population, 
so they were most relevant for our population. For any 
PRO for which no ASCQ-Me survey existed, PROMIS 
was used, as these are also previously validated publicly 
accessible surveys developed by the National Institutes of 
Health, though the anchoring population varies depend-
ing on the chosen survey.

Pain‑related secondary outcomes
The secondary outcomes related to pain included com-
paring the ASCQ-Me domain for pain interference at 
the end of the last week of each treatment phase. Median 
ASCQ-Me scores for each domain in the validation 
cohort were 50 with standard deviations of 10. Lower 
scores represent more severe symptoms, and a differ-
ence of 5 points was considered clinically meaningful. 
All ASCQ-Me scores assessed symptoms experienced in 
the past 7 days. Pain-related outcomes also included the 
Patient-Reported Outcomes Measurement Information 
System (PROMIS) domains for nociceptive pain qual-
ity and neuropathic pain quality. PROMIS is a patient-
reported outcome survey system validated in the general 
population [13–15]. All PROMIS scores also assessed 
symptoms in the past 7 days. Median PROMIS scores 
for each domain were 50, with standard deviations of 10, 
where lower scores represent less severe symptoms.

Quality of life-related secondary outcomes: Second-
ary measures of quality of life included the ASCQ-Me 
domains for stiffness, emotional interference, and sleep 
interference, as well as the PROMIS domains for anxiety 
and gastrointestinal distress, nausea, and vomiting.
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Laboratory markers
Laboratory tests included baseline safety assessments, 
which were collected before randomization, unless they 
had been obtained for clinical purposes within the previ-
ous 90 days. These assessments encompassed a compre-
hensive metabolic panel, liver function tests, magnesium, 
uric acid, lactate dehydrogenase, and complete blood 
count with reticulocyte count. All safety assessments 
were processed at the central hospital laboratory and 
repeated at the end of each treatment phase. Addi-
tional markers of inflammation were assessed, including 
C-reactive protein and tryptase, and processed at the 
central hospital laboratory. ELISA for substance P was 
performed in a shared resource facility, and a cytokine 
panel (Il1b, Il1a, Il4, Il6, Il8, TNFα, and INFγ) was ana-
lyzed using Luminex 200.

Safety
Safety assessments were conducted during the screen-
ing phase, weekly throughout each treatment phase, at 
the final treatment visit, and during the follow-up evalu-
ation. These assessments comprised physical examina-
tions, vital sign measurements, and clinical laboratory 
tests. Any reported adverse events were coded using the 
NCI Common Terminology Criteria for Adverse Events 
(CTCAE) v5.0. Additionally, an independent data and 
safety monitoring committee reviewed safety throughout 
the pilot study.

Confidentiality and data management: Confidentiality 
was maintained by storing all data without patient identi-
fiers. Data was stored in a locked office and will be shared 
with investigators upon request.

Statistical analysis
As this was a pilot study and not an efficacy study, power 
calculations were not conducted, and participants were 
enrolled as a convenience sample. Patient characteristics 
and the correlation of these characteristics with study 
interest and enrollment were examined using descrip-
tive statistics. Means and 95% confidence intervals (CI) 
were calculated for data with a normal distribution, while 
medians and interquartile ranges (IQR) were used for 
non-normally distributed data. Comparisons of study 
acceptability between non-users of cannabis, those with a 
history of cannabis use, and medical cannabis users were 
made using the Kruskal–Wallis test; a p value of < 0.05 
was considered statistically significant.

Sample size
We estimated that if we approach 50 patients in 18 
months, 80% would endorse interest in the study and 
that 25–50% of the patients approached (12–25 patients) 
would be either regulated or unregulated cannabis users 

and this would allow us to assess our acceptability crite-
ria. We estimated that if we approached 50 patients in 12 
months, 50% of those who endorsed interest would agree 
to return for screening (20 patients) and half of those 
would be eligible for the study and would be randomized 
(10 patients) and this would be sufficient to determine if 
the study is feasible and if masking is feasible.

Results
The study began recruitment in July 2019 and was open 
until March 2020. Recruitment had to halt prematurely 
due to the COVID-19 pandemic. During the recruit-
ment period, 27 patients were approached and asked if 
they would be interested in enrolling in a double-masked 
study of dronabinol for the treatment of pain in sickle cell 
disease. Of these, 23 out of 27 (85.2%, 95% CI 66.3–96.8) 
expressed interest. Of those not interested, one declined 
participation in any research, one wished to optimize 
their medical care before participating in research, and 
two sought parental permission prior to enrolling in 
any research (Fig.  3, CONSORT statement). Of those 
who expressed interest, 13 signed consent and were 
assessed for eligibility (56.5%, 95% CI 34.5–76.8). Among 
those who expressed interest but did not consent, four 
were lost to future follow-up, three scheduled consent 
appointments but did not attend, one attempted but was 
ultimately unsuccessful with abstaining from cannabis 
use prior to the consent appointment, and two had their 
consent appointments canceled due to the COVID-19 
pandemic. While the study was stopped early, criteria for 
acceptability to the general population was > 70% so was 
considered met.

Of the 13 participants who consented for the study, 6 
out of 13 (46.2% 95% CI 19.2–74.9) were found eligible 
and enrolled. Among those found ineligible, two had pain 
interference scores insufficient for enrollment within the 
previous 7 days, one was lost to follow-up after consent, 
one withdrew due to inability to abstain from cannabis 
use, one was unable to produce a urine toxicology study 
that was negative for cannabis, and two had all future 
study visits canceled due to the COVID-19 pandemic. 
Notably, all 3 participants unable to abstain from can-
nabis use or provide a negative urine sample were daily 
cannabis users. While the study was stopped early, cri-
teria for acceptability was considered met, as ~ 50% of 
those who expressed interest consented for the study and 
returned for screening and ~ 50% of those patients were 
eligible for the study and were enrolled.

Of the 6 participants deemed eligible for the study, 
100% were randomized and completed all study visits. 
One patient had one visit converted to a telehealth visit 
due to the COVID-19 pandemic and thus, the scheduled 
blood and urine samples were unable to be collected. No 
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enrolled participants were lost to follow-up, and none 
withdrew from the study. When adherence to canna-
bis avoidance was examined, 6 out of 6 participants had 
THC but no other cannabinoids present in their urine 
during their active treatment block, while 6 out of 6 par-
ticipants had no cannabinoids present in their urine dur-
ing both their placebo treatment block and the wash-out 
block, confirming that adherence to cannabis avoidance 
was 100%. The study was considered feasible as > 90% of 

study procedures were completed and < 20% of subjects 
have evidence of other cannabis use during the study 
period.

Among patients approached about the study, 16 out of 
27 had a history of lifetime cannabis use, and 7 out of 27 
were certified for medical cannabis. Neither lifetime can-
nabis use nor medical cannabis certification was associ-
ated with interest in the study, likelihood of consent, or 
enrollment. Lifetime cannabis users: interest (87.5%, 95% 

Fig. 3  Study engagement stratified by previous cannabis and current medical marijuana use. Percent (with 95% confidence interval) of patients 
approached for the study who were interested, who consented, and who were enrolled by A previous cannabis use and B medical marijuana use. 
All p values ≤ 0.05
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CI 61.7–98.5), consent (57.1%, 95% CI 28.9–82.4), enroll-
ment (62.5%, 95% CI 24.5–91.5). Medical cannabis users: 
interest (85.7%, 95% CI 42.1–99.6), consent (33.3%, 95% 
CI 4.3–77.7), enrollment (35.4%, 95%CI 12.5–98.7). As 
more than 70% of patients with either a lifetime history 
of cannabis use and/or medical cannabis use expressed 
interest in the study, the study was considered acceptable 
to this population as well.

Regarding the effectiveness of masking, it was found 
that 4 out of 6 participants correctly identified their 
treatment assignment after the first treatment block 
(66.6%). However, all 6 participants (100%) correctly 
identified their treatment assignment during the second 
block. Additionally, when asked at the end-of-study visit 
during which block they received each treatment, all 6 
participants (100%) correctly identified each study block. 
As > 75% of patients were able to guess their assignment 
during the second block and during both blocks after the 
second block had taken place, it was determined that the 
presence of the second block or the crossover design of 
the study made the masking not feasible in this study.

The enrolled participants had a median age of 26.5 
years (range 21–44 years), with 50% being HbSS/HbSβ0 
and 50% being HbSC/HbSβ + (Table  1). When patient-
reported outcomes (PROs) were examined, pain impact 
showed improvement by a mean of 3.5 (95% CI −3.53–
10.53). Other PROs and changes in laboratory markers 
were also reported (Table 2).

No severe adverse reactions were attributed to dron-
abinol. Therefore, dronabinol was considered safe enough 
in this population to proceed with a future efficacy study.

Discussion
This pilot study was designed not to test the efficacy of 
dronabinol for pain in SCD, but to determine the feasi-
bility and acceptability of a future larger efficacy study. A 
randomized, placebo-controlled, double-masked, crosso-
ver study of dronabinol for the treatment of pain in SCD 
was found to be acceptable to patients regardless of their 
history of illicit or medical cannabis use. The study was 

feasible, as all participants abstained from other cannab-
inoid-containing products and completed all study vis-
its. Feasibility was determined based on achievement of 
pre-specified targets including target recruitment rates 
(> 70% patient interest), protocol adherence (> 90% com-
pletion of procedures), and avoidance of other cannabi-
noids (< 20% evidence of non-study cannabinoid use). 
Our study met all of these feasibility criteria. However, all 
participants correctly identified their treatment assign-
ment after the crossover portion of the study, suggesting 
that crossing over may be detrimental to study masking. 
Future studies aimed at evaluating the possible efficacy 
of cannabinoids for chronic pain should consider that 
people living with SCD are interested in such studies and 
that these studies can be conducted in a rigorous manner 
even in participants with a history of prior or active can-
nabis use. However, crossover designs should be avoided 
to preserve masking.

A unique challenge in studying cannabinoids is their 
easy accessibility to patients, for both medicinal and 
recreational purposes [16]. There are over 120 identified 
cannabinoids, each with differing effects on varying neu-
roreceptors which can be modulated by mode of inges-
tion and presence of other cannabinoids [17]. Therefore, 
to rigorously examine the effects of a cannabinoid in any 
population, it is vital to ensure that participants are not 
taking other cannabinoid-containing substances during 
the study and that any previously used cannabinoids have 
been washed out before starting the study. To ensure 
wash-out, we required each patient to present a urine 
sample negative for cannabinoids prior to randomiza-
tion. Multiple participants interested in enrollment who 
reported cannabis use in the recent past were advised to 
abstain and return in 3 to 4 weeks when their urine was 
likely to be negative for cannabinoids. This proved to be a 
barrier to enrollment for three participants, all of whom 
were daily cannabis users. While other current can-
nabis users and even medical cannabis users consented 
and were enrolled in the study, none of them were daily 
users. Previous studies have shown that people with SCD 

Table 1  Clinical characteristics of patients enrolled in the study

Patient Gender Age Race SCD genotype SCD-MHC 
score

Previous 
cannabis use

Medical 
marijuana 
use

1 M 21 Black or African American HbSS 5 Yes No

2 F 44 Black or African American HbSC 2 Yes No

3 M 22 Black or African American HbSβ+ 1 Yes Yes

4 F 32 Black or African American HbSS 4 Yes No

5 F 28 Black or African American HbSC 1 No No

6 F 25 Black or African American HbSS 3 Yes No
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who use cannabis primarily utilize it to treat symptoms 
of their disease, most often pain [4–7]. We hypothesize 
that daily users were unable to abstain from cannabis use 
because it was a significant part of their treatment regi-
men, and abstention subjected them to intolerable wors-
ening of their symptoms. Enrolled participants had urine 
results showing no other cannabinoid use throughout 
the study, illustrating that current cannabis users other 
than daily users were able to avoid other cannabinoids 
during the study [10]. We concluded that daily canna-
bis use should be an exclusion criterion in future stud-
ies. We also concluded that urine screening for multiple 
cannabinoids should be done in future studies to identify 
any participants who utilize non-study cannabinoids, 
although this is likely to be rare.

A second challenge in studying cannabinoids is their 
psychoactive nature, which can interfere with masking 
[18, 19]. Some researchers have suggested replacing pla-
cebos in cannabinoid studies with active substances that 
would cause dry mouth or tachycardia [18, 19]. How-
ever, we decided that since the psychoactive effects of 

cannabinoids are highly dose-dependent and we intended 
to administer individualized doses, we would first exam-
ine the effectiveness of our masking. We found that dur-
ing the initial treatment period < 75% of participants were 
able to correctly identify their treatment assignment. 
However, after the crossover, all participants correctly 
identified their treatment assignment during both peri-
ods. Based on this, we concluded that we should elimi-
nate the crossover portion of the study, as it interfered 
with masking, but that dronabinol may be adequately 
masked with placebo alone in a non-crossover study 
as < 75% of patients correctly guessed their assignment in 
the first block.

Strengths and limitations
Our study serves as a pilot study aimed at optimizing the 
design of a future efficacy study. While participants in our 
study demonstrated a mean improvement in their pain 
impact score and a reduction in mean white blood cell 
count (Table 2, Fig. 3), neither of these findings reached 
statistical significance, likely due to being underpowered 

Table 2  Change in PRO scores, laboratory measures, and cytokines from placebo period to active treatment period

PRO patient-reported outcome. For all PROs, median is 50; standard deviation is 10. For higher is better, an increase in score represents an improvement in symptoms. 
For lower is better, a decrease in score represents an improvement in symptoms

Mean difference 95% confidence interval

PROs
Higher is better
  Pain impact 3.5 [−3.53, 10.53]

  Stiffness 0.33 [−9.58, 10.25]

  Sleep 4.83 [−3.69, 13.35]

  Emotional impact 0.17 [−4.54, 4.87]

Lower is better
  Neuropathic quality −6 [−18.33, 6.33]

  Nociceptive quality −6.52 [−17.69, 4.66]

  GI distress −0.17 [−3.18, 2.84]

  Anxiety 4.5 [−2.11, 11.11]

Laboratory measures
  Hemoglobin (g/dL) 0.23 [−0.30, 0.76]

  White blood count (× 103/µL) 0.23 [−2.22, 2.69]

  Platelets (× 103/µL) −19.33 [−52.69, 14.03]

  Absolute neutrophils (× 103/µL) 1.2 [−0.74, 3.14]

  Absolute lymphocytes (× 103/µL) −1.0 [−1.83, −0.17]

  C-reactive protein (mg/L) −0.16 [−1.82, 1.50]

  Lactate dehydrogenase (U/L) −24.4 [−44.58, −4.22]

  IL1a (pg/ml) −0.68 [−2.88, 1.52]

  IL1b (pg/ml) −0.34 [−1.01, 0.33]

  IL4 (pg/ml) −28.36 [−85.53, 28.81]

  IL6 (pg/ml) 7.11E−16 [−0.74, 0.74]

  IL8 (pg/ml) 2.54 [−1.57, 6.65]

  TNFα (pg/ml) 4.22 [−1.54, 9.98]

  INFγ (pg/ml) 4.20 [−7.15, 15.55]
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to examine these outcomes. Larger studies would be 
required to determine if dronabinol is beneficial for pain 
or other quality of life symptoms, or for reducing inflam-
mation in SCD. Furthermore, chronic pain often has 
components of neuropathic pain and peripheral and cen-
tral sensitization. Treatment guidelines for these types of 
pain recommend an 8-week study of a new medication to 
determine efficacy. Thus, our study duration is likely too 
short to optimally examine the effects of dronabinol on 
pain in SCD [20]. The protocol for the study was not pub-
lished prior to the pilot study. An implementation frame-
work was not used to determine data collected. Patients 
and the public were not involved in the design of the pilot 
study but will be involved in the design of the future effi-
cacy study.

Conclusions
We showed that studying an FDA-approved oral cannabi-
noid is acceptable to patients with SCD whether or not 
they have previously used regulated or unregulated can-
nabis and that such a study is feasible. However, we did 
determine that a crossover design makes masking dron-
abinol unfeasible. Our study serves as a pilot study aimed 
at optimizing the design of a future efficacy study. While 
participants in our study demonstrated a mean improve-
ment in their pain impact score and a reduction in mean 
white blood cell count (Table  2, Fig.  3), these findings 
were underpowered to examine these outcomes. Larger 
studies would be required to determine if dronabinol is 
beneficial for pain or other quality of life symptoms, or 
for reducing inflammation in SCD. Furthermore, chronic 
pain often has components of neuropathic pain and 
peripheral and central sensitization. Treatment guide-
lines for these types of pain recommend an 8-week study 
of a new medication to determine efficacy. Thus, our 
study duration is likely too short to optimally examine 
the effects of dronabinol on pain in SCD [20].

There is a critical need for rigorous studies of can-
nabinoids in SCD partly due to the lack of effective treat-
ments for chronic pain, but also because cannabinoid 
use is common in SCD, and clinicians need to under-
stand the risk and benefits of this use to advise patients. 
Based on the findings of our pilot study, we designed a 
randomized, placebo-controlled, double-masked study 
of 8 weeks of dronabinol for the treatment of chronic 
pain and/or reduction of inflammation in SCD without a 
crossover component. This study is now open for enroll-
ment (NCT05519111). Studies of other cannabinoids, 
such as CBD and other modes of use such as mucosal or 
topical agents, should also be conducted.

Acknowledgements
Not applicable.

Authors’ contributions
SAC and JRD designed the study, consented and enrolled the subjects, ana-
lyzed the data, and wrote the manuscript. LD conducted the laboratory tests 
and edited the manuscript. RJ, JB, and SM edited the manuscript.

Funding
NHLBI K23HL151884.

Data availability
The datasets during and/or analyzed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The pilot protocol was approved by the Yale University Institutional Review 
Board. All participants were provided written informed consent before study 
enrollment.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 1 July 2024   Accepted: 28 August 2025

References
	1.	 Dampier C, Palermo TM, Darbari DS, et al. AAPT diagnostic criteria for 

chronic sickle cell disease pain. J Pain. 2017;18:490–8.
	2.	 Curtis SA, Deveaux M, Zelterman D, et al. Daily users of marijuana with 

sickle cell disease report more severe pain crisis yet have similar rates of 
admission to non-users. Blood. 2017;130:3559–3559.

	3.	 Abrams DI, Couey P, Dixit N, et al. Effect of inhaled cannabis for pain in 
adults with sickle cell disease: a randomized clinical trial. JAMA Netw 
Open. 2020;3:e2010874.

	4.	 Howard J, Anie KA, Holdcroft A, et al. Cannabis use in sickle cell disease: a 
questionnaire study. Br J Haematol. 2005;131:123–8.

	5.	 Knight-Madden J, Lewis N, Hambleton IR. The prevalence of marijuana 
smoking in young adults with sickle cell disease: a longitudinal study. 
West Indian Med J. 2006;55:224–7.

	6.	 Roberts JD, Spodick J, Cole J, et al. Marijuana use in adults living with 
sickle cell disease. Cannabis Cannabinoid Res. 2018;3:162–5.

	7.	 Curtis SA, Lew D, Spodick J, et al. Medical marijuana certification for 
patients with sickle cell disease: a report of a single center experience. 
Blood Adv. 2020;4:3814–21.

	8.	 Abrams DI, Hilton JF, Leiser RJ, et al. Short-term effects of cannabinoids in 
patients with HIV-1 infection: a randomized, placebo-controlled clinical 
trial. Ann Intern Med. 2003;139:258–66.

	9.	 Devinsky O, Cross JH, Laux L, et al. Trial of cannabidiol for drug-resistant 
seizures in the Dravet syndrome. N Engl J Med. 2017;376:2011–20.

	10.	 Koch CD, Xu L, Curtis SA, et al. Urinary cannabinoid mass spectrometry 
profiles differentiate dronabinol from cannabis use. Clin Chim Acta. 
2020;510:515–21.

	11.	 Treadwell MJ, Hassell K, Levine R, et al. Adult sickle cell quality-of-life 
measurement information system (ASCQ-me): conceptual model 
based on review of the literature and formative research. Clin J Pain. 
2014;30:902–14.

	12.	 Keller SD, Yang M, Treadwell MJ, et al. Patient reports of health outcome 
for adults living with sickle cell disease: development and testing of the 
ASCQ-Me item banks. Health Qual Life Outcomes. 2014;12:125.

	13.	 Stone AA, Broderick JE, Junghaenel DU, et al. PROMIS fatigue, pain inten-
sity, pain interference, pain behavior, physical function, depression, anxi-
ety, and anger scales demonstrate ecological validity. J Clin Epidemiol. 
2016;74:194–206.



Page 11 of 11Curtis et al. Pilot and Feasibility Studies          (2025) 11:139 	

	14.	 Askew RL, Cook KF, Keefe FJ, et al. A PROMIS measure of neuropathic pain 
quality. Value Health. 2016;19:623–30.

	15.	 Khanna D, Hays RD, Shreiner AB, et al. Responsiveness to change and 
minimally important differences of the patient-reported outcomes 
measurement information system gastrointestinal symptoms scales. Dig 
Dis Sci. 2017;62:1186–92.

	16.	 Whiting PF, Wolff RF, Deshpande S, et al. Cannabinoids for medical use: a 
systematic review and meta-analysis. JAMA. 2015;313:2456–73.

	17.	 Grotenhermen F. Pharmacokinetics and pharmacodynamics of cannabi-
noids. Clin Pharmacokinet. 2003;42:327–60.

	18.	 Wilsey B, Deutsch R, Marcotte TD. Maintenance of blinding in clinical trials 
and the implications for studying analgesia using cannabinoids. Cannabis 
Cannabinoid Res. 2016;1:139–48.

	19.	 Casarett D. The achilles heel of medical cannabis research—inadequate 
blinding of placebo-controlled trials. JAMA Intern Med. 2018;178:9–10.

	20.	 Bates D, Schultheis BC, Hanes MC, et al. A comprehensive algorithm for 
management of neuropathic pain. Pain Med. 2019;20:S2–12.

	21.	 Matthie N, Jenerette C, Gibson A, Paul S, Higgins M, Krishnamurti 
L. Prevalence and predictors of chronic pain intensity and dis-
ability among adults with sickle cell disease. Health Psychol Open. 
2020;7(1):2055102920917250. https://​doi.​org/​10.​1177/​20551​02920​
917250.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1177/2055102920917250
https://doi.org/10.1177/2055102920917250

	A pilot study of dronabinol for the treatment of pain in sickle cell disease
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Key messages regarding feasibility
	Background
	Methods
	Patients
	Exclusion criteria
	Trial design
	Dose
	Outcomes

	Secondary outcomes
	Patient characteristics
	Patient-reported outcomes
	Pain-related secondary outcomes
	Laboratory markers
	Safety
	Statistical analysis
	Sample size


	Results
	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


