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ORIGINAL ARTICLE Open Access

Impact of Low-Dose Dronabinol Therapy on Cognitive
Function in Cancer Patients Receiving Palliative Care:
A Case-Series Intervention Study
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Ivan Bo Nielsen, MS,3 Kirsten Klostergaard, MS,1 Dorte Melgaard, PhD,1,2

Steen K. Fagerberg, MD, PhD,1 and Peter Derek Christian Leutscher, MD, PhD1,3,*

Abstract
Background: Cannabis may offer therapeutic benefits to patients with advanced cancer not responding ade-
quately to conventional palliative treatment. However, tolerability is a major concern. Cognitive function is a po-
tential adverse reaction to tetrahydrocannabinol containing regimens. The aim of this study was to test cognitive
function in patients being prescribed dronabinol as an adjuvant palliative therapy.
Methods: Adult patients with advanced cancer and severe related pain refractory to conventional palliative
treatment were included in this case-series study. Patients were examined at baseline in conjunction with initi-
ation of dronabinol therapy and at a two-week follow-up using three selected Wechsler’s adult intelligence scale
III neurocognitive tests: Processing Speed Index (PSI), Perceptual Organization Index (POI), and Working Memory
Index (WMI). Patients were also assessed using pain visual analog scale, Major Depression Inventory, and Brief
Fatigue Inventory.
Results: Eight patients consented to take part in the study. Two patients discontinued dronabinol therapy, one
due to a complaint of dizziness and another critical progression of cancer disease, respectively. The remaining six
patients were successfully treated with a daily dosage of 12.5 mg dronabinol ( p = 0.039). PSI ( p = 0.020), POI
( p = 0.034.), and WMI ( p = 0.039).
Conclusions: Cognitive function improved in this group of patients with advanced cancer in conjunction with
low-dose dronabinol therapy. The cause is likely multifactorial including reported relief of cancer-associated
symptoms. Further clinical investigation is required.
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Introduction
Cancer is the second leading cause of death globally,
and it was responsible for an estimated 9.6 million
deaths in 2018.1 Treatment for some cancers has be-
come more effective in recent years, with longer and in-
creased survival.2 However, disease-related symptoms,
such as pain, poor appetite, sleeping disturbances,
and depression, can cause poor quality of life
(QoL).2–4 Pain affects the majority of patients with ad-
vanced cancer.5 Opioid-based pharmacotherapy is a
main strategy in conventional management of pain in
cancer patients. However, opioids do not always pro-
vide adequate pain relief, and they are also associated
with bothersome side effects.2,3

When conventional medicine does not relieve the
pain adequately, other treatment options are sought.
For that reason, cannabis products have attracted in-
creasing attention among cancer patients receiving pal-
liative care in the past decade, despite their limited
clinical evidence regarding their effects and safety of
cannabis, which also makes physicians reluctant to pre-
scribe them.6–8

However, larger empirical datasets with solid clinical
grounding are currently being collected. This will grad-
ually garner clinical evidence addressing cannabis
products used in palliative care. As a result, cannabis
is viewed today as a potential complementary thera-
peutic approach along with conventional palliative reg-
imens, particular for the treatment of pain, nausea,
vomiting, and other cancer-related symptoms.9,10

Studies evaluating recreational cannabis users have
suggested a concerning increased risk for developing
dyscognitive manifestations, likely related to tetrahy-
drocannabinol (THC).11,12 Some studies suggest that
THC induces lasting cognitive impairment across mul-
tiple cognitive domains. These especially include work-
ing memory, attention, and executive functions such as
planning, reasoning, interference control, and
problem-solving.11,13–19

Cancer, its treatments, and supportive medications
can each cause cognitive impairment and its related se-
quelae.20–22 Cognitive deficits negatively affect QoL.
They can also lead to distorted well-being, stress, de-
pression, and anxiety.23–25

It is, therefore, important to explore the potential
impact of cannabis on cognition among cancer patients
receiving palliative care.26 Few studies have investi-
gated cognition among this population, and none
have revealed a deteriorating effect of cannabis on cog-
nitive functioning. However, the studies are character-

ized by different patient groups, cannabis products, and
administration routes in combination.12,27,28

This study aimed to assess cognitive changes in a
subgroup of Danish patients with advanced cancer
who are scheduled for initiation with a standardized
dronabinol regimen as adjuvant pain-relieving therapy
in conjunction with conventional palliative care.

Materials and Methods
This case-series study was conducted in the palliative
care outpatient clinic at the North Denmark Regional
Hospital from January to April 2020. The interdisci-
plinary palliative care team conducts patient visits pri-
marily in the patient’s home or, alternatively, in the
hospital. On an annual basis, 700 patients with ad-
vanced disease are referred to the team.

Participants
Study inclusion criteria included age ‡18 years, active
advanced cancer disease, planned dronabinol therapy
to manage pain refractory to conventional palliative in-
terventions, no prior cannabis-related therapies used,
and ability to comprehend an informed written con-
sent form. Those with cerebral metastasis, severe men-
tal disorder, or dementia were excluded from
participation.

Treatment
The patients received treatment with dronabinol as an
oral oil solution (25 mg/mL) in accordance with exist-
ing guidelines in the palliative care outpatient clinic.
A prescription for dronabinol, as a magistral product
(30 mL bottle), was issued to each patient by the palli-
ative care physician, to be obtained from the local phar-
macy. All patients were treated with 2.5 mg, equal to
three drops of 0.83 mg each for the initial three days.
The dosage was subsequently increased in accordance
with a standard titration plan (Table 1).

Table 1. Plan for Scheduled Titration of Daily
Dronabinol Dosing

Day Drops (n) Dosage (mg) Daily frequency
Total daily

dosage (mg)a

1–3 3 2.5 Once a day 2.5
4–6 3 2.5 BID 5.0
7–9 3 2.5 TID 7.5
10–12 4 3.3 TID 10.0
13–15 5 4.2 TID 12.5

BID: Twice a day; TID: Three times a day.
aRounding of total daily dosage.
BID, bis in die; TID, ter in die.
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The patients were instructed to follow the scheduled
titration plan with referral to effects and side effects ex-
perienced by the patient. Hence, the daily dosage was
increased if pain persisted, with a maximum intended
total daily dosage of 15 mg. The patients were also
instructed to discontinue therapy and contact the pal-
liative team if any unacceptable side effects occurred,
such as nausea, vomiting, dizziness, or somnolence.

Study design
Informed consent was obtained from eligible patients at
their visit scheduled for dronabinol initiation. The study
consisted of three study sessions: (1) Pretest session, (2)
Test session I (baseline), and (3) Test session II (Two-
week follow-up). Each session was conducted in the pa-
tient’s own residence or, alternatively, the hospital or
hospice if a patient was admitted during the study period.

The first test session (baseline) was held one to four
days before dronabinol initiation. All tests were con-
ducted in the morning. Each patient completed a
brief unstructured interview to gain the patient’s sub-
jective experience about the treatment and to evaluate
the patient’s ability to participate in the study, in addi-
tion to neuropsychological testing conducted by a psy-
chologist and a physical examination.

After two weeks of treatment with dronabinol
(follow-up), the second test session was performed at
day 14 or 15, also in the morning. The patients under-
went the same assessments as at baseline. This session
was initiated approximately one hour after the morn-
ing dose of dronabinol oil drops. The timeline was cho-
sen according to pharmacokinetic studies showing the
median peak time is achieved after 45 to 60 minutes
and median plasma concentration of metabolite 11-
OH-THC peaks after 60 to 90 minutes.29

Neuropsychological testing
As part of the neuropsychological testing performed by
the same clinical psychologist, each patient completed
three different cognition subtests from the Wechsler’s
adult intelligence scale III (2007) before initiation of
dronabinol (baseline) and two weeks later (follow-
up): Working Memory Index comprising the Digit
Span (forward and backward) subtest measuring
short-term memory and working memory, Processing
Speed Index measuring the speed of mental processing,
and Perceptual Organization Index measuring nonver-
bal and in-the-moment reasoning.

Furthermore, to determine whether patients experi-
enced any change in clinical symptoms or health-related

measures, which could potentially impact cognitive per-
formance, each participant completed a battery of clin-
ical state assessments. These included the visual analog
scale (VAS) measured pain. The Brief Fatigue Inventory
(BFI) measured the severity and impact of cancer-
related fatigue. The Major Depression Inventory
(MDI) measured of depression at baseline and at follow-
up. In addition, any changes in the patient’s use of con-
ventional medication were registered at the follow-up
session.

Ethical approval and consent to participate
Participation in the study required an informed written
consent to be signed by the patient. The Regional
Ethics Committee in Region North Denmark was con-
tacted and waived the need for their ethical approval of
the study (reference no. 2019-000199-116) as the study
was defined as a clinical quality assurance study inves-
tigating the risk of cognitive adverse outcome in con-
junction with already planned dronabinol therapy as
complementary palliative care.

Statistical analyses
Descriptive data were registered at baseline and at
follow-up. Because of the small related sample and as
the assumption of normality is questionable, a Wil-
coxon test was conducted to assess in-group cognitive
changes from baseline to two-week follow-up in
each of the three cognitive domains. A two-tailed
p-value of 0.05 or less was considered statistically signif-
icant of these limited available data for this population.
A z score was used to determine the standard deviation
from the mean. Statistics were calculated in IBM SPSS
Statistics 24.

Results
Eight patients planned for dronabinol therapy in the
palliative care outpatient clinic were invited to partici-
pate in the study, and they all consented to participate.
However, two patients were not able to complete the
study. One patient stopped treatment with dronabinol
after four days due to side effects (dizziness). Since we
could not test whether dronabinol affected cognition at
the follow-up test, the patient was excluded from the
follow-up analysis. The second patient’s cancer pro-
gressed to the extent that continuation in the study
was not possible. In total, six patients completed the
quality assurance study, and all six patients were ti-
trated to a total daily dosage of 12.5 mg dronabinol.
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Patient demographic and clinical characteristics are
presented in Table 2. The median age of the patients
was 75 years, ranging from 54 to 80 years. Five patients
were female, and one was male. All patients had earned
at least a high school diploma. None of the patients
were receiving chemo- or radiation therapy.

Patient-reported treatment outcomes
At the follow-up visit, all six patients reported in the in-
terview an adequate pain-relieving effect from the dro-
nabinol treatment based on a titrated daily dosage of
12.5 mg. Hence, no patients needed further titration be-
yond this dosage. Moreover, the patients also reported
other beneficial treatment outcomes, including reduc-
tion or discontinuation of conventional pain-relieving
medication with a corresponding decrease in side ef-
fects (e.g., improved opioid-associated dizziness, less
fatigue, increased mobility, and QoL). Visual hallucina-
tion (as a single episode) was reported as the only
major noticeable side effect (Table 3).

Changes in cognitive performance
Cognition was improved at follow-up in each of the
three tested domains (Table 4). This was true for
speed and mental processing, with a significant in-
crease in the median value of 7 at baseline to 9 at
follow-up (Z = 2.33, p = 0.020). Likewise, in-the-

moment reasoning also improved significantly from 6
at baseline to 10 at follow-up (Z = 2.12, p = 0.034).
Finally, short-term and working memory also im-
proved significantly from 5 at baseline to 7 at follow-
up (Z = 2.06, p = 0.039).

Patient rating of pain, fatigue,
and depressive symptoms
In accordance with the pain relief reported by the pa-
tients during the collection of patient-reported out-
comes at the follow-up visit, the median VAS (pain)
score decreased significantly from 5 at baseline to 4 at
follow-up, Z = 2.06, p = 0.039 (Table 5). Among the six
patients, the VAS score declined by >30% in two pa-
tients (70% and 33%, respectively) and <30% in the
remaining four patients (25%, 20%, 11%, and 0%, re-
spectively). A similar declining tendency, also statisti-
cally significant, was observed for the patient rating of
depressive symptoms with an MDI score of 9 at baseline
versus 6 at follow-up, Z = 2.02, p = 0.043. Finally, fatigue
was also improved significantly from a BFI score of 5 at
baseline to 4 at follow-up, Z = 2.02, p = 0.043.

Discussion
This case series aimed to evaluate how dronabinol, as
adjuvant therapy to conventional palliative pain-
relieving treatment, affects cognition in patients with

Table 2. Patient Demographic and Clinical Characteristics

Patient Sex/age (years) Educational level Diagnosis

Oncology therapy

Prior Current

1 F/57 High school Malignant melanoma Chemo None
2 F/75 College Breast cancer Radiation None
3 F/74 University Pancreas cancer Chemo None
4 F/54 College Parameningeal sarcoma Chemo None
5 F/80 College Malignant melanoma None None
6 M/80 University Prostate cancer Chemo None

F, female; M, male.

Table 3. Patient Finally Dronabinol Titrated Dosage Level and Reported Treatment Outcomes at Two-Week Follow-Up

Patient
Final dronabinol titration

level (mg/day) Pain Side effects Other reported treatment outcome

1 12.5 Reduced None Discontinued/reduced conventional medication
Improved life quality

2 12.5 Reduced None Discontinued/reduced conventional medication
Less fatigue

3 12.5 Reduced None Do no longer sleep during the day
Able to walk with dog

4 12.5 Reduced Visual hallucination
(single episode)

No longer bedridden

5 12.5 Reduced None
6 12.5 Reduced None Discontinued/reduced conventional medication
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advanced cancer. To our knowledge, the current case
series is the first of its kind to investigate for potential
changes in cognitive performance before and after dro-
nabinol titration for pain relief.

The results of this study suggest that treating pallia-
tive cancer patients with dronabinol for 14 days does
not impair cognition. Rather, it seems to improve cog-
nition in different domains, including in speed of men-
tal processing, nonverbal and in-the-moment
reasoning, as well as short-term memory and working
memory. Furthermore, results from this study suggest
some improvements in multiple self-reported relevant
measures of clinical state.

The patients reported a reduction in pain, depressive
symptoms, and fatigue in conjunction with dronabinol
treatment. All three symptom entities have a negative
impact on cognition.30–32 One possible explanation
for this effect is that reduction in pain, fatigue, and de-
pressive symptoms in conjunction with dronabinol
treatment may contribute to improved cognition.31,33

However, other variables, such as the cancer disease,
comorbidity, and other medical treatment might also
affect cognition.22

The improvement in the various clinical parameters
is consistent with other recent reports, which also have
demonstrated varying degrees of beneficial outcome for

patient, treated with cannabis products.34–37 None of
the patients included in the study had their pain med-
ication doses changed by their palliative care clinicians
during the two-week study period. However, three of
the six patients reported in the second health interview
that their pain was so well treated with dronabinol that
they had stopped their treatment with conventional
pain-relieving agents, such as opioids, from which
they had experienced negative side effects, particularly
tiredness and nausea.

Another study involving patients with cancer receiv-
ing treatment with cannabis products also suggested a
subsequent reduction in opioid medication use.38

Importantly, a causative relationship between the
implementation of dronabinol and a decline in opioid
usage in relation to improved cognition cannot be de-
termined with this study.

Our finding of improved cognition is in opposition
to current theory and studies regarding THC among
recreational users.39–42 However, our findings are sup-
ported by three other recent studies that found im-
proved cognition and general health among patients
using cannabis products.12,27,43 These studies included
different patient groups (none were receiving palliative
care) receiving cannabis by different routes of adminis-
tration (smoked, inhaled, and oil), and treatment did
not follow a titration regimen. Some studies have sug-
gested that the route of administration and dosing ti-
tration of cannabis may have an influence on the risk
of cognitive impairment.13,16,44

As opposed to the other studies, our palliative cancer
patients were treated with dronabinol administered as
an oil product. The daily dosage was also titrated care-
fully after the recommendation to ‘‘start low, go slow,
and stay low.’’ This allows the body to adapt to the
pharmacologically active molecules, for finding the
therapeutic window for the relief of symptoms, and
at the same time operate in a treatment scenario con-
trolling the risk of side effects to occur. Consequently,
the results from the other studies are not directly com-
parable with those in our study.

Longitudinal studies have shown that the initiation
of cannabis consumption among teenagers and young
adults seems to be important for impaired cognitive de-
velopment.45 This effect is hypothesized to occur be-
cause cannabis is particularly more harmful to the
developing brain in individuals younger than 25 years
compared with the mature brain in individuals above
that age.41,46 When investigating the effects of cannabis
in humans, Wilson et al. found that the early onset of

Table 4. Wechsler’s Adult Intelligence Scale III Cognition
Test Results at Baseline vs. Two-Week Follow-Up

WAIS III cognition test

Baseline (T0)
Follow-up
(T2 weeks)

pMedian Median

Short-term memory and working
memory (WMI)

5 7 0.039

Speed of mental processing (PSI) 7 9 0.020
Nonverbal and in-the-moment

reasoning (POI)
6 10 0.034

POI, Perceptual Organization Index; PSI, Processing Speed Index; T,
therapeutic cannabis; WAIS, Wechsler’s adult intelligence scale III; WMI,
Working Memory Index.

Table 5. Patient Rating of Pain, Fatigue, and Depressive
Symptoms at Baseline vs. Two-Week Follow-Up

Patient rating

Baseline (T-0)
Follow-up

(T-2 weeks)

pMedian Median

Pain (VAS) 5 4 0.039
Fatigue (BFI) 5 4 0.043
Depressive symptoms (MDI) 9 6 0.043

BFI, Brief Fatigue Inventory; MDI, Major Depression Inventory; VAS, vi-
sual analog scale.
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cannabis use is associated with a lower percentage of
gray matter and a higher percentage of white matter
compared with late-onset users.47

In our study, all patients were older than 50 years,
and patients in this age group may theoretically not
be as vulnerable to dronabinol’s persisting negative
cognitive impact as younger patients. It cannot be
ruled out that the patients in our study have used can-
nabis for recreational purposes when younger, and,
therefore, a final conclusion cannot be drawn. Few
studies have tested the age hypothesis.48,49

Interestingly, recent studies have shown that treat-
ment with THC restores cognitive function in aging
mice; the increased level of Sirtuin1 (an enzyme that
has been previously shown to be involved in neuropro-
tection and neuroplasticity) was elevated in the hippo-
campus and the frontal cortex of old mice.50–52 Age
seems to be of major importance regarding whether
there is an improvement or an impairment in cognition
when using dronabinol.

Another factor of interest is the possible ‘‘placebo ef-
fect.’’ Many of the participants had struggled to get ac-
cess to cannabis prescribed by a physician, and
participation in this study achieved that goal. This sit-
uation may have created a placebo effect, which itself
could, at minimum, contribute to the relief of symp-
toms.53,54 To understand the mechanism of placebo ef-
fects, there is not just one placebo effect, but multiple.55

From a psychological point of view, different mecha-
nisms can contribute to the placebo effect.

These include expectations, conditioning, learning,
motivation, somatic focus, reward, and reduction of
anxiety.53,54 It is known that for many patients receiv-
ing palliative cancer treatment, their motivation for
starting treatment with cannabis is based on the hope
of surviving cancer, based on the rationale that canna-
bis may contain curative properties.7 Relief of symp-
toms is often perceived as a secondary reason for
treatment. The patients often have high expectations
for dronabinol to be beneficial.

Other limitations should also be considered. The
small sample size limited the study’s statistical power.
Therefore, the dronabinol treatment results should be
interpreted only as indicative of cognitive improve-
ment. Enrolled patients were also given many different
medicines. This study was underpowered to explore the
statistical significance of pharmacological interactions.
In addition without a control group, we were not able
to establish causality between dronabinol treatment
and improvement in the patients’ well-being.

Lastly, as the study retested the patients with the
same neuropsychological assessments, we cannot ex-
clude the possibility of learning effects, which may
have contributed to the outcome date. We have
attempted to minimize this potential confounding ef-
fect by selecting tests that do not require finding the
correct answer. Instead, the tests are designed for a
clinical setting, and the purpose is to examine changes
between the sessions.

Conclusion
Six out of eight palliative cancer patients completed
neuropsychological testing before initiation of dronabi-
nol therapy and at two-week follow-up. It was found
that in this group of patients, the short-term use of dro-
nabinol did not impair cognition. Rather, the treatment
was associated with improved cognition, especially in
the processing and reasoning domains. The study
also found relief of pain, fatigue, and depressive symp-
toms, which may have had an indirect beneficial effect
on cognitive functions.

Moreover, some of the patients reported a decrease in
conventional pharmaceuticals, notably opioids. The
study results suggest dronabinol may have a beneficial
effect on different parameters for patients with advanced
cancer receiving palliative care. However, this study was
small and nonrandomized, so placebo effect may be a
cofounder. More research is warranted to explore this
important area of cognitive outcome related to cannabis
therapy among patients receiving palliative care.
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Abbreviations Used
BFI ¼ Brief Fatigue Inventory
BID ¼ bis in die

F ¼ female
M ¼ male

MDI ¼ Major Depression Inventory
POI ¼ Perceptual Organization Index
PSI ¼ Processing Speed Index

QoL ¼ quality of life
T ¼ therapeutic cannabis

TID ¼ ter in die
THC ¼ tetrahydrocannabinol
VAS ¼ visual analog scale

WAIS ¼ Wechsler’s adult intelligence scale
WMI ¼ Working Memory Index
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