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Rationale: Treatment with a highly purified oral solution of cannabidiol (CBD), derived from the plant Cannabis sativa L.,
demonstrated some evidence of central nervous system—related adverse events in patients enrolled in phase 3 trials for the
treatment of childhood-onset epilepsy. Cannabidiol was categorized as a schedule | substance by the US Drug Enforcement
Administration; therefore, it was important to test CBD for human abuse potential. Methods: This was a single-dose, ran-
domized, double-blind, double-dummy, placebo- and active-controlled crossover trial. The abuse potential of single oral doses
of plant-derived pharmaceutical formulations of highly purified CBD (Epidiolex; 750, 1500, and 4500 mg) was compared with
that of single oral doses of alprazolam (2 mg), dronabinol (10 and 30 mg), and placebo in healthy recreational polydrug users.
The primary end point to assess abuse potential was the maximum effect (Emax) on Drug Liking visual analog scale (VAS).
Other measurements included Emax on Overall Drug Liking VAS, Take Drug Again VAS, positive and negative effects, other
subjective effects, and Drug Similarity VAS. Cognitive and psychomotor functions were assessed using the Divided Attention
Test, the Hopkins Verbal Learning Test—Revised, and the Digit-Symbol Substitution Task. Pharmacokinetic parameters were
determined for CBD and its major metabolites. Standard safety measures and adverse events were assessed. Principal Results:
Of 95 eligible patients, 43 qualified for the treatment phase, received at least | dose of investigational medicinal product, and
were included in safety assessments; 35 patients were included in the pharmacodynamic analysis. Patients receiving alprazolam
and dronabinol had significantly higher Drug Liking Emax (P < .0001) compared with those receiving placebo, confirming study
validity. Compared with placebo, Drug Liking was not significantly different for patients taking 750 mg CBD (P = .51). Drug
Liking Emax values for 1500 and 4500 mg CBD were significantly different from placebo (P = .04 and .002, respectively);
however, the mean differences were <10 points on VAS compared with > | 8-point differences between positive controls and
placebo. Alprazolam and dronabinol had significantly higher Drug-Liking, Overall-Liking, and Take Drug Again VAS Emax values
compared with all doses of CBD (P < .004). In contrast to alprazolam, CBD administration had no observable effect on
cognitive/psychomotor tests. Pharmacokinetic parameters for CBD in this trial were consistent with previous studies. The
majority of adverse events reported during the trial were of mild or moderate severity; no serious adverse events or deaths
were reported. Conclusion: Administration of a therapeutic dose of CBD (750 mg) showed significantly low abuse potential in
a highly sensitive population of polydrug users. Although high and supratherapeutic doses of CBD (1500 and 4500 mg,
respectively) had detectable subjective effects compared with placebo, the effects were significantly lower than those observed
with alprazolam and dronabinol.

Commentary

There is interest in identifying drugs that have a potential for
abuse before they become widely available so that safeguards
can be put into place before distribution. The Food and Drug
Administration defines drug abuse “as the intentional, non-
therapeutic use of a drug product or substance, even once, to
achieve a desired psychological or physiological effect”.! The
determination of abuse potential aims to identify the liklihood

that a particular compound will be abused. On a federal level,
medications with abuse potential are typically placed into one
of 4 schedules (II-V) as schedule I compounds are reserved for
those with the potential for abuse and that have no medical
benefit.”> As medications that treat epilepsy act in the central
nervous system, they are a natural target for potential drug
abuse and may require drug abuse reliability testing.! In the
past, most antiepileptic drugs (AEDs) have not been scheduled
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substances. However, in recent years, several AEDs have been
determined to have the potential for abuse.>

The regulatory environment surrounding cannabidiol (CBD)
has been particularly complex and confusing. As CBD is an
extract of the Cannabis plant, it is a schedule I compound at the
federal level and is illegal except for the one approved product
(Epidiolex) that has been placed in schedule V. Cannabidiol is
a phytocannabinoid, the same drug class as delta9-
tetrahydrocannabinol (THC) which is a psychoactive constitu-
ent of marijuana. Cannabidiol is not thought to be psychotropic
and has a different side effect profile compared to THC. These
dissimilarities are thought to be attributed to differences in
binding of THC and CBD to cannabinoid receptors.®

The paper by Schoedel et al presents the results from a study
that employs the typical design for a drug liability study.' The
design was a single-dose, randomized, double-blinded, cross-
over study consisting of 4 parts including a screening phase,
qualification phase, treatment phase, and follow-up period. Inter-
estingly, as most pharmacokinetic and pharmacodynamic stud-
ies exclude patients who are drug abusers, this is not the case for
a study with a goal of determining the drug abuse potential of a
particular compound. In fact, the goal of the qualification phase
is to recruit known drug users using certain criteria that verify a
minimum threshold of drug use. Inclusion of individuals with
experience with particular classes of drugs allows a reliable
comparison of the drug being tested to drugs already known to
possess particular traits that are considered positive for drug
users. For this study, the choices of positive control were based
on drug class, with alprazolam being noted to have similarities in
pharmacological effects and pharmacokinetic profile to CBD.
Due to similarities of THC and CBD and presence of both in
plant extracts, a synthetic THC was a logical choice for compar-
ison in order to isolate effects of CBD only. For the qualification
phase, enrolled patients were given single doses of positive con-
trol drug and placebo. Patients who rated these compounds
above placebo in various tests were invited for the treatment
phase of the study. Out of 95 patients taking part in the qualifi-
cation phase, 43 were able to continue to the treatment phase.

The treatment phase should consist of at least 1 dose of a
positive control used in the qualification phase with at least 3
doses of the drug being tested.! As such, the treatment phase in
this study included the same drugs from the qualification phase
with 2 different doses of dronabinol (10 and 30 mg) and 3 dose
of CBD (750, 1500, and 4500 mg). Cannabidiol tested similar
to placebo or lower than positive controls on pharmacody-
namics tests. Earlier studies compared THC and CBD products
in known marijuana users. Results are consistent in that a com-
bination product (nabiximol: 4, 8, and 16 consecutive sprays or
10.8, 21.6, and 43.2 mg THC with 10, 20, and 40 mg CBD,
respectively) performed similarly to positive controls most
likely reflecting the THC content in the tested product,” and
purified CBD products were similar to placebo.® A comparison
in marijuana users is logical; however, the highest dose of CBD
tested was 800 mg and comparisons were not made to other
commonly abused classes of drugs. Where the Bababuis study
does include potential doses used in the clinic, it did not fulfill

the guidance recommendation for the testing of supratherapeu-
tic doses (2-3 times the highest dose considered therapeutic).'
The design used in the Schoedel 2018 paper includes 3 doses of
purified CBD that cover doses considered to be in the thera-
peutic range (750 mg), a high therapeutic dose (1500 mg), and
a supratherapeutic dose (4500 mg). The 4500 mg dose repre-
sents a dose that was tolerated as a single dose in a prior study.
It is thought that the higher doses represent the likelihood of
CBD to be overused or misused by patients or help determine if
the drug may become a target for drug diversion in general. The
study also included some pharmacokinetic assessments of CBD
and THC and their respective metabolites in approximately 39
patients. There is some evidence of potential saturation in
absorption in CBD at higher CBD concentrations based on
mean Cmax and the area under the plasma concentration time
curve (AUC) values; however, the variation in concentrations
was relatively high. Several factors such as formulation (liquid
vs capsule) and how the drug is administered (with or without
food) can contribute to concentration variability.” In this study,
drug administration was standardized and given under fasting
conditions. Although fasting conditions may decrease expo-
sure, the observed saturation at the higher CBD doses suggests
that patients achieved maximum exposure of CBD. There was
also confirmation of very low concentrations of THC and meta-
bolites (<0.6 ng/mL for THC and 11-OH-THC, <5 mg/mL for
11-COOH-THC) in the purified CBD product. The safety pro-
file was relatively good overall.

This study presents data to support that CBD has minimal
abuse potential as well as a relatively mild side effect profile.
Based on current data and testing methodologies, patients are
not likely to get high on purified, CBD-only formulations. The
incentive for drug diversion also seems to be low. Although
there is a federally approved purified CBD formulation, we
need to keep in mind that there are many sources of CBD that
are available to patients due to various state approvals for CBD,
THC, and marijuana for medicinal and recreational purposes.
Some of these formulations can be verified as pure CBD, while
others may contain other cannabinoids such as THC that may
change the abuse potential for that particular product.

By Angela Birnbaum

References

1. US Department of Health and Human Services—Food and Drug
Administration and Center for Drug Evaluation and Research.
Assessment of Abuse Potential of Drugs: Guidance for Industry.
2017; 4.

2. United States Code. Title 21: FOOD AND DRUGS. Part B:
Authority To Control; Standards and Schedules. Edition 2017.

3. Ferry J, Yang H, Williams B, Bradshaw K, Fant RV, Laurenza A.
Evaluation of Abuse Potential of Perampanel. Paper presented at:
67th Annual American Epilepsy Society Meeting; 2013; Washing-
ton, DC.

4. Levy-Cooperman N, Schoedel KA, Chakraborty B, Blum D, Cheng
H. Abuse liability assessment of eslicarbazepine acetate in healthy



384

Epilepsy Currents 19(6)

male and female recreational sedative users: a phase I randomized
controlled trial. Epilepsy Behav. 2016;61:63-71.

. Schoedel KA, Andreas JO, Doty P, Eckhardt K, Sellers EM. Ran-
domized, double-blind, placebo- and active comparator-controlled
crossover study evaluating the abuse potential of the antiepileptic
drug lacosamide in healthy recreational drug users. J Clin Psycho-
pharmacol. 2017;37(6):675-683.

. Pertwee RG. The diverse CB1 and CB2 receptor pharmacology of
three plant cannabinoids: delta9-tetrahydrocannabinol, cannabidiol
and delta9-tetrahydrocannabivarin. Br J Pharmacol. 2008;153(2):
199-215.

AN I

7. Schoedel KA, Chen N, Hilliard A, et al. A randomized, double-

blind, placebo-controlled, crossover study to evaluate the subjec-
tive abuse potential and cognitive effects of nabiximols oromucosal
spray in subjects with a history of recreational cannabis use. Hum
Psychopharmacol. 2011;26(3):224-236.

. Babalonis S, Haney M, Malcolm RJ, et al. Oral cannabidiol does

not produce a signal for abuse liability in frequent marijuana smo-
kers. Drug Alcohol Depend. 2017;172:9-13.

. Birnbaum AK, Karanam A, Marino SE, et al. Food effect on phar-

macokinetics of cannabidiol oral capsules in adult patients with
refractory epilepsy. Epilepsia. 2019;60(8):1586-1592.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


