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Objective: To compare the efficacy and tolerability of dronabinol, 
ondansetron, or the combination for delayed chemotherapy-induced 
nausea and vomiting (CINV) in a 5-day, double-blind, placebo-
controlled study.

Research design and methods: Patients receiving moderately to 
highly emetogenic chemotherapy received dexamethasone (20 mg PO), 
ondansetron (16 mg IV) and either placebo or dronabinol (2.5 mg) 
prechemotherapy on day 1. Patients randomized to active treatment 
(dronabinol and/or ondansetron) also received dronabinol (2.5 mg) 
after chemotherapy on day 1. On day 2, fixed doses of placebo, 
dronabinol (10 mg), ondansetron (16 mg), or combination therapy were 
administered. On days 3–5, patients received placebo, flexible doses 
of dronabinol (10–20 mg), ondansetron (8–16 mg), or dronabinol and 
ondansetron (10–20 mg dronabinol, 8–16 mg ondansetron).

Main outcome measures: Total response (TR = nausea intensity < 5 mm 

on visual analog scale, no vomiting/retching, no rescue antiemetic), nausea 
(occurrence and intensity) and vomiting/retching episodes.

Results: Sixty-four patients were randomized; 61 analyzed for 
efficacy. TR was similar with dronabinol (54%), ondansetron (58%), and 
combination therapy (47%) versus placebo (20%). Nausea absence 
was significantly greater in active treatment groups (dronabinol, 71%; 
ondansetron, 64%; combination therapy, 53%) versus placebo (15%; 
p < 0.05 vs. placebo for all). Nausea intensity and vomiting/retching 
were lowest in patients treated with dronabinol. Active treatments were 
well tolerated. The low number of patients due to slow enrollment 
limits the interpretation of these data.

Conclusions: Dronabinol or ondansetron was similarly effective 
for the treatment of CINV. Combination therapy with dronabinol and 
ondansetron was not more effective than either agent alone. Active 
treatments were well tolerated.

A B S T R A C T

* This work was presented previously in abstract form at the 41st Annual Meeting of the American Society of Clinical  
Oncology (ASCO); May 13–17, 2005; Orlando, FL, USA
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Introduction

Delayed chemotherapy-induced nausea and vomiting 
(CINV), defined as nausea and vomiting occurring more 
than 24 hours after chemotherapy and lasting for up 
to 1 week, is common1–3, with at least 50% of patients 
experiencing delayed CINV following moderately 
emetogenic chemotherapy2,4,5. The goal of antiemetic 
therapy for CINV is a total response or prevention of 
CINV3. The impaired quality of life (QoL) imparted 
by CINV can affect treatment outcomes when patients 
refuse chemotherapy because of severe adverse events 
(AEs)4.

In the brain, the endogenous neurotransmitters 
dopamine and serotonin (5-HT

3
) are released in 

response to emetic stimuli and mediate nausea and 
vomiting. Standard antiemetic therapy with the 
5-HT

3
 receptor antagonist ondansetron has been 

shown to be moderately effective for relieving 
delayed CINV; however, as with other therapies, 
including corticosteroids, many patients do not 
respond to ondansetron4,5. Selective neurokinin 1 
(NK1) antagonists, including aprepitant, that target 
substance P have shown promising antiemetic activity 
in preclinical studies6,7 and demonstrated antiemetic 
efficacy in clinical studies as part of a combination 
therapy regimen with 5-HT

3
 receptor antagonists 

and corticosteroids8. For patients receiving other 
chemotherapy of moderate emetic risk, American 
Society of Clinical Oncology Guideline for Antiemetics 
in Oncology9 recommends the two-drug combination 
of a 5-HT

3
 receptor serotonin antagonist and dexa-

methasone. The three-drug combination of a 5-HT
3
 

serotonin receptor antagonist, dexamethasone, and 
aprepitant are recommended before chemotherapy 
of high emetic risk. In all patients receiving cisplatin 
and all other agents of high emetic risk, the two-drug 
combination of dexamethasone and aprepitant is 
recommended for the prevention of delayed CINV.

However, despite current recommendations and 
use of various antiemetic agents, some patients still 
experience CINV; therefore, alternative agents are 
needed to provide relief alone or as part of combination 
therapy for CINV and delayed CINV. The endogenous 
cannabinoid system is an important pathway involved 
in the emetic response. Cannabinoids can prevent 
chemotherapy-induced emesis by acting at central 
CB

1
 receptors10,11 by preventing the proemetic effects 

of endogenous compounds such as dopamine12 and 
serotonin13. Cannabinoids have been used effectively 
for treating CINV since 1985 (for review, see Tramer 
et al., 2001)14. This study was conducted to determine 
if dronabinol can help prevent delayed CINV by 
adding the agent to the prophylactic regimen for 
acute CINV and continuing therapy (alone or in 

combination with ondansetron) for 4 days after 
chemotherapy. The primary objective of the study was 
to assess dronabinol, ondansetron, or their combination 
in preventing delayed-onset CINV, measured as 
total response 2–5 days after moderately to highly 
emetogenic chemotherapy. Secondary objectives 
included assessment of complete response rate, nausea 
status, episodes of vomiting and/or retching, duration 
of nausea and vomiting and/or retching, intensity of 
nausea, and QoL.

Patients and methods
Patients

Inclusion criteria

Written informed consent was required. Patients aged 
≥ 18 years were required to have malignancy that did 
not involve the bone marrow and be undergoing chemo-
therapy including a moderately to highly emetogenic 
regimen15, oxaliplatin (Eloxatin, Sanofi-Aventis, Bridge-
water, NJ, USA) at doses employed for the treatment 
of colon cancer, or the combination of doxorubicin 
(60 mg/m2, Adriamycin, Pharmacia & Upjohn, New 
York, NY, USA.) with cyclophosphamide (600 mg/m2) 
with or without taxanes for the treatment of breast 
cancer.

Patients could be receiving concomitant radiation 
therapy other than abdominal radiation, or be changing 
from prior chemotherapy to a new moderately or 
highly emetogenic agent alone or in combination with 
other agents. Women were eligible for enrollment if 
they had a negative pregnancy test at baseline (day 1) 
and would not become pregnant during the trial. 
In addition, patients had to have an estimated life 
expectancy of at least 6 weeks postchemotherapy. 
Patients could not have received antiemetic therapy in 
the 7 days prechemotherapy and were required to have 
an Eastern Cooperative Oncology Group (ECOG)16 
performance status of 0–2 at screening.

Exclusion criteria

Patients with a history of anticipatory nausea and/
or vomiting were excluded. Patients with primary 
malignancy of the brain, spinal cord, or nervous system; 
metastases to these sites; or leukemias or lymphomas 
involving the bone marrow were excluded. Patients were 
ineligible for enrollment if they had a history of brain 
surgery, moderate to severe brain trauma, or any other 
neurological disorder likely to affect central nervous 
system (CNS) functioning. Marijuana use within 
30 days of baseline and antiemetic agents, including 
diphenhydramine, within 7 days before baseline were 
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not permitted. Patients who were prescribed opiates, 
propoxyphene, or benzodiazepines by the treating 
physician whose dosage was not stable for 2 weeks 
before study entry (day 1) were excluded from the 
study. Corticosteroids other than dexamethasone were 
not allowed at the time of chemotherapy. Also, chemo-
therapy agents with taxoid family antineoplastic agents 
that require premedication with corticosteroids 1–3 
days in advance of use were also not allowed.

Patients with conditions that might interfere with 
study participation were excluded, including those 
patients who had a history or current diagnosis of 
psychotic disorder, had evidence of substance abuse 
disorder, had taken opiates or benzodiazepines not 
at a stable dose for 2 weeks, or had unstable medical 
conditions.

study design

This randomized, double-blind, placebo-controlled, 
parallel-group, 5-day study evaluated the antiemetic 
efficacy (on days 2–5) and safety of oral dronabinol 
(Marinol, Solvay Pharmaceuticals, Marietta GA, 
USA)17 alone and in combination with ondansetron 
(Zofran, GlaxoSmithKline, Philadelphia, PA, USA)18 
versus ondansetron alone in patients receiving 
moderately to highly emetogenic chemotherapy. 
As originally designed, the study was scheduled to 
enroll 464 patients (116 in each of four treatment 
groups); however, difficulties in enrollment led to 
early termination with a reduced number of enrolled 
patients in each group available for analysis. These 

difficulties stemmed from reluctance on the part of 
patients to potential randomization to placebo because 
of the distress associated with moderately to highly 
emetogenic chemotherapy and the current commercial 
availability of treatments.

Patients were to undergo cancer chemotherapy with 
moderately to highly emetogenic agents on day 1 when 
they were randomized into one of four treatment groups: 
dronabinol alone, ondansetron alone, combination 
therapy with dronabinol and ondansetron (hereafter, 
combination therapy), or placebo. Study medication 
was administered in the morning. As shown in Table 1, 
patients received a standard prechemotherapy regimen 
of dexamethasone (20 mg) and ondansetron (16 mg). 
Patients in the three active treatment groups also 
received 2.5 mg dronabinol prechemotherapy and 
postchemotherapy. Placebo patients received matching 
placebo prechemotherapy and postchemotherapy on 
day 1.

Dosing

The dronabinol doses (2.5 mg and 5 mg PO QID) 
used in the fixed (day 2) and flexible (days 3–5) 
dosing phases of the study were based on the standard 
recommended antiemetic dose of 5 mg PO TID or 
QID.

The oral doses of ondansetron (4 mg and 8 mg BID) 
used in the fixed and flexible phases of the study were 
based on the standard recommended dose of 8 mg BID 
for the treatment of emesis associated with moderately 
emetogenic chemotherapy.

Table 1. Dosing schedule

Day 1 Treatment gro up 

Prechemotherapy Postchemotherapy 

Day 2 
(fixed dose) 

Days 3–5 
(flexible dose) 

Dronabinol Dexamethasone 
20 mg PO 

Ondansetron 16 mg IV 
Dronabinol 2.5 mg PO 

Dronabinol  
2.5 mg PO 

Dronabinol 
2.5 mg PO QID 

(10 mg/day) 

Dronabinol 
2.5–5 mg PO QID 
(10–20 mg/day) 

Ondansetron Dexamethasone 
20 mg PO 

Ondansetron 16 mg IV 
Dronabinol 2.5 mg PO 

Dronabinol  
2.5 mg PO 

Ondansetron 
8 mg PO BID 
(16 mg/day) 

Ondansetron 
4–8 mg PO BID 
(8–16 mg/day) 

Combination Dexamethasone 
20 mg PO 

Ondansetron 16 mg IV 
Dronabinol 2.5 mg PO 

Dronabinol  
2.5 mg PO 

Dronabinol 
2.5 mg PO QID 

(10 mg/day) 
+ 

Ondansetron 
8 mg PO BID 
(16 mg/day) 

Dronabinol 
2.5–5 mg PO QID 
(10–20 mg/day) 

+ 
Ondansetron 

4–8 mg PO BID 
(8–16 mg/day) 

Placebo Dexamethasone 
20 mg PO 

Ondansetron 16 mg IV 
Placebo PO 

Placebo PO Placebo PO QID Placebo PO QID 

BID = twice daily; IV = intravenously; PO = by mouth; QID = four times daily 
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On day 1 (day of chemotherapy), all subjects 
received standard antiemetic therapy of dexamethasone 
20 mg PO plus ondansetron 16 mg IV prior to 
chemotherapy. Subjects in Group D, Group O and 
Group DO also received dronabinol 2.5 mg on day 1 
before chemotherapy and in the evening of day 1 (post-
chemotherapy). Subjects in Group P received placebo 
in place of dronabinol for both doses on day 1. Effects 
of treatments on day 1 were evaluated post hoc (see 
Statistical analyses section below).

On day 2 (fixed dosing), all subjects took four 
capsules QID. Subjects took the first dose by 8:00 a.m. 
Subjects in Group D received dronabinol 2.5 mg QID 
(10 mg/day); subjects in Group O received ondansetron 
8 mg BID (16 mg/day); subjects in Group DO 
received dronabinol 2.5 mg QID (10 mg/day) plus 
ondansetron 8 mg BID (16 mg/day); and subjects in 
Group P received placebo QID. Subjects who received 
ondansetron alone were dosed QID to preserve the 
blind; placebo was given as the middle two doses.

For day 3 through day 5 (flexible dosing), subjects 
took two or four capsules QID based on tolerance. 
Subjects in Group D received dronabinol 2.5–
5 mg QID (10–20 mg/day), subjects in Group O 
received ondansetron 4–8 mg BID (8–16 mg/day), 
subjects in Group DO received the combination 
of dronabinol 2.5–5 mg QID (10–20 mg/day) plus 
ondansetron 4–8 mg BID (8–16 mg/day) and subjects in 
Group P received placebo QID. Subjects who received 
ondansetron alone were dosed QID to preserve the 
blind; placebo was given as the middle two doses.

Each morning, patients recorded the number of 
vomiting and/or retching episodes in the previous day. 
Patients also recorded the daily presence or absence 
of nausea and its duration. Study drug doses could be 
adjusted on days 2 through 5, based on tolerability. 
In the event that four capsules of study medication 
QID were not tolerated for day 3 through day 5, the 
dose could be cut in half by instructing subjects to 
take capsules from Row 1 and Row 3 only for each 
dose. Symptoms of intolerance could include chest 
discomfort, dizziness or lightheadedness, dysphoria, or 
excessive sedation.

A kit of open-label antiemetics, including meto–
clopramide (10 mg, Reglan, Baxter, Deerfield, IL, USA), 
prochlorperazine (5 mg, Compazine, GlaxoSmithKline, 
Philadelphia, PA, USA), and prochlorperazine (25-
mg suppository), was provided for use on days 1–8 
as rescue medications to treat intolerable nausea and 
vomiting and/or retching after using maximum doses 
of study medication at any dosing interval. Patients 
recorded the use of rescue medication and returned the 
unused portion of the kit.

The investigator obtained written approval from 
the Institutional Review Board, and the study was 

conducted in accordance with the Declaration of 
Helsinki. Patients who had a follow-up visit on days 6, 
7, or 8 were considered to have completed the study, 
whether or not they took study medication.

efficacy assessments/definitions

Standard definitions of nausea, vomiting, and retching 
were employed in this study. For clarity, we include 
the definitions as follows: nausea – an unpleasant 
feeling in the abdomen or stomach usually associated 
with an aversion to food; vomiting – the forcible or 
violent ejection of the stomach contents through the 
mouth, usually as coordinated, involuntary spasms of 
the respiratory and abdominal muscles; and retching 
(‘dry heaves’) – the actual attempt to vomit, consisting 
of brief spasmodic contractions of the diaphragm, 
thoracic muscles, and abdominal muscles. Episodes 
of vomiting or retching were defined as instances of 
vomiting or retching separated by ≥ 1 minute.

Primary outcome measure

The primary efficacy measure was the incidence of 
total response to treatment following administration 
of moderately to highly emetogenic chemotherapeutic 
agents. Total response was defined as no vomiting and/
or retching, intensity of nausea < 5 mm on a 100-mm 
Visual Analog Scale (VAS scale 0–100 mm; 0 mm = no 
nausea; 100 mm = intractable nausea), and no use of 
rescue medication.

Secondary outcome measures

The secondary efficacy assessments were complete 
response, presence or absence of nausea, episodes 
of vomiting and/or retching, duration of nausea and 
vomiting and/or retching, intensity of nausea measured 
by VAS, ECOG (this performance measure was used 
to gauge wellness), and QoL. Complete response 
for vomiting/retching was defined as no vomiting/
retching, intensity of nausea of ≤ 30 mm on the VAS, 
and no use of rescue therapy. The presence or absence 
of nausea, episodes of vomiting and/or retching, and 
duration of nausea and vomiting and/or retching 
were assessed from patient telephone diary entries 
completed each morning to report the previous day. 
Patients were prompted through the Interactive Voice 
Response System to use the standard VAS to assess 
nausea intensity. The ECOG assessment was clinician 
administered at screening and again on days 6, 7, or 
8 (or early termination). The possible range of the 
ECOG assessment was 0–4, whereby 0 = fully active, 
able to carry on all predisease performance without 
restriction; 1 = restricted in physically strenuous 
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activity but ambulatory and able to carry out work of a 
light or sedentary nature, e.g. light house work, office 
work; 2 = ambulatory and capable of self-care but 
unable to carry out any work activities, up and about 
more than 50% of waking hours; 3 = capable of only 
limited self-care, confined to bed or chair more than 
50% of waking hours; 4 = completely disabled, cannot 
carry on any self-care, totally confined to bed or chair; 
and 5 = dead.

The McCorkle Symptom Distress Scale19 (MSDS; 
QoL assessment) evaluation was conducted on day 1 
(postchemotherapy) and again on days 6, 7, or 8 (or early 
termination). The MSDS consisted of 13 items to be 
rated from 1–5. Lower values indicate less distress (higher 
QoL). The total score was the sum of scores from all 13 
questions. Possible range for the total score was 13–65.

safety analyses

To assess the safety of the active treatments, physical 
examination (screening and follow-up), 12-lead electro-
cardiograph with rhythm strip (screening), clinical 
laboratory analysis (screening, day 1, and follow-up), 
and vital sign measurements (screening, day 1, follow-
up) were conducted. AEs and concomitant medications 
were also assessed throughout the trial.

statistical analyses

All analyses for efficacy were conducted only on data 
collected before use of any rescue medication. The 
intent-to-treat (ITT) population consisted of patients 
randomized into the trial who took at least one capsule 
of study medication, had a baseline (day 1) efficacy 
evaluation, and had at least one postbaseline efficacy 
evaluation (any type). Efficacy analyses were based on 
the ITT population.

Statistical tests for differences between treatment 
groups were performed using a two-sided test with 
a 0.05 level of significance. Computations for results 
were performed using SAS Version 8.2 computer 
software package (SAS Institute Inc., Cary, NC, 
USA) unless otherwise specified. For efficacy data, 
baseline was defined as day 1; end point was defined 
as day 5. In the computation of end point, values from 
a premature discontinuation visit were used in a last 
observation carried forward (LOCF) analysis. If the 
value at the discontinuation visit was missing, last 
available postbaseline observation was used.

For total response, a logistic regression model was 
used for the primary analysis and a Cochran–Mantel–
Haenszel (CMH) test stratified by pooled center 
was performed for supportive analysis. Continuous 
secondary efficacy parameters were analyzed for all 
pair-wise comparisons using a two-way analysis of 

variance (ANOVA) with treatment and pooled center 
as fixed factors. Not normally distributed data were 
ranked, and an ANOVA performed on the ranked 
scores. Categorical secondary efficacy parameters were 
analyzed for pair-wise comparisons using the CMH 
test stratified by pooled center. For the secondary 
efficacy parameters, no adjustment for multiple 
comparisons was performed; no interactions were 
examined. Compliance with study medication was 
defined as taking all doses of supplied medication and 
was measured throughout the trial.

This study was originally designed to include a 
total of 464 patients to detect a difference between 
dronabinol and ondansetron with 80% power; however, 
the anticipated number of patients was unrealized 
because of recruitment difficulties outlined above. 
Because of the reduced number of patients, statistical 
analysis was not performed for duration of vomiting 
and/or retching, and duration of nausea.

Post-hoc analyses

Exploratory analyses were conducted post hoc to 
examine the effect of dronabinol on the day of chemo-
therapy (day 1). A total of 52 patients received 
dronabinol 2.5 mg before and after chemotherapy; 14 
patients received placebo pre- and postchemotherapy. 
Patients in the three active treatment groups were 
combined and compared with patients receiving 
placebo. Categorical parameters (total response, 
complete response, and presence/absence of nausea) 
were evaluated using Fisher exact test. p-values for 
VAS nausea intensity scores were computed based on 
Wilcoxon rank sum test.

Results

Of the 64 randomized patients, 61 patients (95%) were 
included in the ITT population and 51 (80%) completed 
the trial (Figure 1). Of the three patients not included 
in the ITT population, one patient did not have chemo-
therapy, and two patients did not have a postbaseline 
efficacy evaluation. The primary cancer diagnosis of 
enrolled patients is shown in Table 2. The most common 
diagnoses were breast cancer (26/64 patients, 41%) and 
non-small cell lung cancer (14/64 patients, 22%). There 
were more men than women enrolled in the trial.

Patient demographics are presented in Table 3. No 
statistically significant differences were noted between 
groups for age, race, and prior marijuana or chemotherapy 
history. The final median dosages of active medication 
on days 3–5 were: dronabinol, 20 mg/day; ondansetron, 
16 mg/day; and combination therapy, 17.5–20 mg/day of 
dronabinol and 12–16 mg/day of ondansetron.
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efficacy
Primary outcome

Total response is shown in Figure 2. Comparisons 
between placebo and other treatment groups were not 
statistically significant, essentially because of the small 
sample size. However, the improvement (range: 47–
58%) in the three active treatment groups compared 
with placebo (20%) implies clinically relevant 
improvement (days 2–5 LOCF). An exploratory 
analysis using the CMH test stratified by pooled 

centers showed patients receiving ondansetron had 
a statistically significant greater total response than 
patients receiving placebo (58 vs. 20%; p = 0.04).

Secondary outcomes

Seventy-one percent of patients receiving dronabinol 
responded to treatment (absence of nausea; Figure 3). 
The figure shows that 64% of patients receiving 
ondansetron, 53% of those receiving combination 
therapy, and 15% of placebo-treated patients responded 

Figure 1. Disposition of patients throughout the trial. Note: Patients in the intent-to-treat (ITT population; or those who 
completed the trial) were those patients randomized into the trial who took at least one capsule of study medication, had a 

baseline (day 1) efficacy evaluation, and had at least one postbaseline efficacy evaluation (of any type). All efficacy analyses 
were based on the ITT population

Table 2. Primary cancer diagnosis

Randomization

Intent-to-treat population
N = 64

Dronabinol + ondansetron
n = 17

Ondansetron
n = 16

Dronabinol
n = 17

Placebo
n = 14

Withdrawals
n = 4

Completed
the trial

n = 13 (76%)

Withdrawals
n = 4

Completed
the trial

n = 12 (75%)

Withdrawals
n = 4

Completed
the trial

n = 13 (76%)

Withdrawals
n = 3

Completed
the trial

n = 11 (79%)

*One patient had an allergic reaction during chemotherapy that required use of a prohibited medication.

1 Adverse event
2 Protocol violations*
1 Other

2 Adverse events
1 Protocol violation
1 Other

3 Adverse events
1 Other

2 Withdrew consent
(1 for lethargy)
1 Other

Primary cancer diagnosis, n (%) Dronabinol 
(n = 17) 

Ondansetron 
(n = 16) 

Combination
(n = 17) 

Placebo 
(n = 14) 

All patients 
(N = 64) 

Breast cancer 3 (18) 5 (31) 10 (59) 8 (57) 26 (41) 

Non-small cell lung cancer 5 (29) 6 (38) 1 (6) 2 (14) 14 (22) 

Colon, rectal, or gastric cancer 3 (18) 0 1 (6) 2 (14) 6 (9) 

Lung cancer (other) 1 (6) 0 3 (18) 1 (7) 5 (8) 

Ovarian cancer 1 (6) 2 (13) 0 0 3 (5) 

Prostate cancer 0 0 1 (6) 1 (7) 2 (3) 

Other small cell cancer 1 (6) 0 1 (6) 0 2 (3) 

Liver cancer 1 (6) 0 0 0 1 (2) 

Kidney cancer 1 (6) 0 0 0 1 (2) 

Pancreatic cancer 0 1 (6) 0 0 1 (2) 

Hodgkin’s 1 (6) 0 0 0 1 (2) 

Non-Hodgkin’s 0 1 (6) 0 0 1 (2) 

Bladder cancer 0 1 (6) 0 0 1 (2) 
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to treatment. Combination therapy did not provide 
benefit beyond that observed with either agent alone. 
All active treatments significantly reduced the intensity 
of nausea versus placebo (Figure 4; p < 0.05); however, 
no statistically significant differences between active 
treatment groups were observed.

No statistically significant difference was observed 
among groups for mean number of episodes of 
vomiting and/or retching (Figure 5). Active treatment 
reduced the number of episodes of vomiting to 0 by 
days 4 and 5, with the ondansetron group showing 
an increase at day 5. Active treatment reduced the 
duration of vomiting/retching to 0 hours in all groups 
by days 4 and 5; duration of nausea was comparable 

among groups. Complete responder rate was 62% with 
dronabinol, 60% with combination therapy, 58% with 
ondansetron, and 20% with placebo (Table 4).

According to the ECOG assessment, 41–69% 
of all patients had a score of 0 or 1 at screening. In 
general, this indicates that the patient’s baseline 
performance was either not restricted or only restricted 
in physically strenuous activities). Shifts in ECOG 
from 1 to 0 (improvement) occurred after treatment 
with dronabinol; however, a greater proportion of 
patients in the dronabinol group had a baseline value 
of 1, indicating that their performance was only 
restricted in physically strenuous activities. Changes 
from baseline in ECOG were statistically significant 

Table 3. Patient demographics

Figure 2. Total response during active treatment. Day 1 
results are separated from days 2–5 with the vertical  
line. *p < 0.05 vs. placebo. CAT = combined active 
treatment; D = dronabinol; D + O = combination;  

LOCF = last observation carried forward; O = ondansetron; 
P = placebo

Parameter Dronabinol 
(n = 17) 

Ondansetron 
(n = 14) 

Combination 
(n = 17) 

Placebo 
(n = 13) 

Overall 
(N = 61) 

Age (y), mean ± SD 
(range) 

61.6  14.2 
(24–81) 

55.6  16.1 
(30–78) 

56.8  10.9 
(41–80) 

57.2  8.6 
(46–71) 

57.9  12.0 
(24–81) 

Sex, n (%)      

Men 9 (53) 4 (29) 6 (35) 5 (38) 24 (39) 

Women 8 (47) 10 (71) 11 (65) 8 (62) 37 (61) 

Race, n (%)      

White 13 (76) 12 (86) 13 (76) 9 (69) 47 (77) 

Black 1 (6) 0 2 (12) 3 (23) 6 (10) 

Hispanic 1 (6) 2 (14) 2 (12) 1 (8) 6 (10) 

Other 2 (12) 0 0 0 2 (3) 

Prior marijuana use, n (%)      

Yes 2 (12) 1 (7) 2 (12) 1 (8) 6 (10) 

No 15 (88) 13 (93) 15 (88) 12 (92) 55 (90) 

Prior chemotherapy status, n (%)      

Yes 2 (12) 1 (7) 3 (18) 4 (31) 10 (16) 

No 15 (88) 13 (93) 14 (82) 9 (69) 51 (84) 

SD = standard deviation 
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Figure 3. Absence of nausea during active treatment.  
Day 1 results are separated from days 2–5 with the  

vertical line. *p < 0.05 vs. placebo. CAT = combined active 
treatment; D = dronabinol; D + O = combination;  

LOCF = last observation carried forward; O = ondansetron; 
P = placebo
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in patients receiving dronabinol versus placebo  
( p = 0.036, in favor of placebo) and patients dronabinol 
versus combination therapy ( p = 0.028). However,  
the overall mean changes from screening to end  
point for the three groups were similar and not much 
different from 0 (dronabinol: +0.058, combination 
therapy: +0.058, and placebo: +0.077, and the 

statistically significant result was confounded by site 
differences.

Improvement from baseline in MSDS (QoL) was 
observed only in patients receiving dronabinol (mean 
change from baseline: –2.0 ± 4.2). The only significant 
difference between groups was for the dronabinol 
group versus the combination therapy group (mean 
change from baseline with combination therapy: +3.6 ± 
6.5; p = 0.033, in favor of dronabinol).

Other analyses

Rescue antiemetics were used in all groups: dronabinol: 
4/17 (24%), ondansetron: 5/16 (31%), combination 
therapy: 2/17 (12%), and placebo: 6/14 (43%). Rescue 
medicine use was low on days 1 and 2 for all groups. 
There were no statistically significant differences among 
groups; however, on day 5, half as many patients in the 
dronabinol group (2/17, 12%) than the ondansetron 
group (4/16, 25%) required rescue medicine.

Compliance with study medication decreased 
over the course of treatment in all groups. Twenty-
nine patients (45%) took all per-protocol doses of 
study medication over the 5-day dosing period. At 
end point (days 1–5 LOCF), compliance with study 
medication was 59% in patients receiving dronabinol, 

Figure 4. Mean nausea intensity during active treatment. 
Day 1 results are separated from days 2–5 with the  
vertical line. *p < 0.05 vs. placebo. CAT = combined  

active treatment; D = dronabinol; D + O = combination; 
LOCF = last observation carried forward; O = ondansetron; 

P = placebo; SD = standard deviation

Figure 5. Mean episodes of vomiting/retching during active treatment. D = dronabinol; D + O = combination; LOCF = last 
observation carried forward; O = ondansetron; P = placebo; SD = standard deviation

Table 4. Complete response at LOCF end point (days 2–5)
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50% in patients receiving ondansetron, 35% in patients 
receiving combination therapy, and 36% in patients 
receiving placebo. No reasons for noncompliance were 
indicated.

Day 1

Day 1 results are for the combined active treatment 
group who took at least 1 dose of dronabinol (that is, 
patients in the dronabinol, ondansetron, or combination 
therapy groups; n = 50; Table 1) versus the placebo 
group (n = 13). Post-hoc analysis showed a significantly 
greater total response in the combined active treatment 
group compared with placebo (Figure 2; 79 vs. 40%; 
p = 0.024). On day 1, significantly more patients 
receiving active treatment had no nausea compared 
with those receiving placebo (Figure 3; 79 vs. 38%;  
p = 0.013). In addition, the mean intensity of nausea 
scores on the VAS were significantly lower in the 
combined active treatment group (Figure 4; n = 46) 
compared with placebo (n = 12) on day 1 (7.65 vs. 
30.67%; p = 0.029).

safety

As shown in Table 5, the incidence of treatment-
emergent AEs was similar among active treatment 
groups (71–88%); AE rate in the placebo group 

was 50%. The highest rate of AEs was seen in the 
ondansetron group. The highest rates of the CNS-
related events of dizziness and fatigue were observed 
in patients receiving combination therapy. Serious AEs 
were observed in six (9%) patients, and one patient in 
the placebo group died from sepsis after completing 
the study (on day 14). All serious AEs were determined 
to be unrelated to study medication. No clinically 
significant changes were observed in laboratory values, 
blood pressure (< 10 mmHg vs. baseline), pulse, 
temperature, or weight.

Discussion

This study demonstrated that the efficacy of dronabinol 
alone was comparable with ondansetron for the 
treatment of delayed CINV. This finding is important 
because standard antiemetic therapy does not relieve 
symptoms for many patients20, and alternative 
treatments are necessary.

Because emesis is mediated by neurotransmitters in 
the CNS21, patients receiving therapy with cannabinoids 
might be expected to have sensorial CNS AEs 
consistent with those reported in previous trials with 
tetrahydrocannabinol (THC) compounds22–24. In this 
study, the highest rate of CNS-related events (dizziness 
and fatigue) was in patients receiving combination 

Table 5. Summary of treatment-emergent adverse events (safety population)

Treatment gro up Parameter,  n (%) 

D 
(n = 17) 

O 
(n = 16) 

DO 
(n = 17) 

P 
(n = 14) 

Overall 
(N = 64) 

Patients with at least one TEAE  14 (82) 14 (88) 12 (71) 7 (50) 47 (73) 

Patients with at least one SAE 2 (12) 1 (6) 1 (6) 2 (14) 6 (9) 

Patients with at least one severe TEAE  2 (12) 1 (6) 2 (12) 3 (21) 8 (13) 

Patients who permanently discontinued study 
medication because of a TEAE 

 
1 (6) 

 
2 (13) 

 
3 (18) 

 
0 

 
6 (9) 

Patients with at least one TEAE leading to 
dose reduction 

 
0 

 
0 

 
2 (12) 

 
0 

 
2 (3) 

Adverse events occurring in two or more patients overall 

Diarrhea 4 (24) 1 (6) 1 (6) 1 (7) 7 (11) 

Asthenia 2 (12) 1 (6) 0 1 (7) 4 (6) 

Fatigue 2 (12) 1 (6) 3 (18) 1 (7) 7 (11) 

Chest pain 1 (6) 2 (13) 0 0 3 (5) 

Constipation 1 (6) 2 (13) 1 (6) 0 4 (6) 

Dizziness 1 (6) 1 (6) 4 (24) 0 6 (9) 

Headache 0 3 (19) 2 (12) 0 5 (8) 

Hyperglycemia 0 2 (13) 0 0 2 (3) 

Insomnia 0 2 (13) 0 0 2 (3) 

D = dronabinol; DO = combination; O = ondansetron; P = placebo; SAE = serious adverse event; TEAE = treatment-
emergent adverse event 
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therapy. The incidence of CNS-related events in the 
dronabinol group was low. The CNS-related AEs 
reported in the previous studies23,24 may have been 
dose-related considering that the dosage of THC used 
was at least 50% greater than in previous studies (30–
45 mg/day) than in the current study (median dosage 
of 20 mg/day,). Well-tolerated and effective treatment 
of CINV, particularly for those refractory to treatment 
with standard antiemetics, may lead to improved 
treatment outcomes through improved compliance 
with chemotherapy.

On day 1, significantly greater efficacy on total 
response, absence of nausea, and intensity of nausea was 
demonstrated in the combined active treatment group 
versus placebo. The data suggest that the addition of 
dronabinol before and after chemotherapy may offer 
more benefit than the standard regimen alone taken 
before chemotherapy. Additionally, the use of dronabinol 
before and after chemotherapy on day 1 for all the active 
treatment groups may have had an additional beneficial 
effect on the days 2–5 response, demonstrating 
clinically meaningful differences from placebo, while 
making it difficult to differentiate efficacy among the 
treatment groups. However, because this study was not 
specifically designed to evaluate the effects of combined 
therapy on acute CINV, further studies are needed to 
validate the day 1 findings. Significant improvement in 
treatment response on day 1 may be important for the 
overall assessment of efficacy with dronabinol because 
prevention of delayed CINV may be improved through 
effective control of acute CINV25.

Acute CINV can be more severe than delayed CINV; 
however, the delayed symptoms can lead to hospital-
ization for dehydration and/or metabolic disorders 
that can have a greater effect on patient QoL26. In 
this study, we found that QoL was most improved in 
patients receiving dronabinol compared with patients 
in the other treatment groups.

Although the data presented suggest dronabinol to 
be a useful agent to include in antiemetic treatment 
regimens for delayed CINV, several limitations in this 
study must be noted. The primary limitation was the 
low patient numbers, which resulted in a heterogeneous 
population. Variance among groups in number of 
men versus women, variance in types of cancer, and 
differences in previous chemotherapy status may have 
impacted the results. Until larger trials are conducted 
that confirm these findings, careful interpretation of 
the data is warranted. At end point, the rate for absence 
of nausea was 71% in the dronabinol group, 64% in the 
ondansetron group, 53% in the combination therapy 
group, and 25% in the placebo group. These results 
suggest that the early control of emetic symptoms 
related to chemotherapy with dronabinol may help 
control delayed CINV.

Conclusion

Dronabinol and ondansetron were similarly effective 
antiemetic treatments in cancer patients given moderate-
ly to highly emetogenic chemotherapy. Combination 
therapy with dronabinol and ondansetron was not more 
effective than either agent alone for the treatment of 
CINV. Active treatments were well tolerated. Larger 
trials are needed to confirm these findings.
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