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Abstract

Objective To evaluate the efficacy and safety of the addition of olanzapine to ondansetron and dexamethasone for chemo-
therapy-induced nausea vomiting (CINV) prevention in patients receiving highly emetogenic chemotherapy (HEC).
Methods In this randomized, double-blind, placebo-controlled, crossover study, we randomly assigned chemotherapy-naive
patients receiving HEC to receive olanzapine or placebo in addition to ondansetron and dexamethasone. All subjects were
crossed over to another treatment arm on second-cycle chemotherapy. The primary endpoint was complete response (CR)
rate defined as no vomiting and no use of rescue drugs.

Results At the first cycle, there were significantly more patients with CR in the olanzapine group than in the placebo group in
overall phase (68.7% vs. 25.0%, p <0.001), acute phase (0-24 h) (75.0% vs. 31.2%, p <0.001) and delayed phase (24—120 h)
(68.7% vs. 43.7%, p=0.038). After crossover, there were significantly more patients with CR in the olanzapine group than
in the placebo group in overall phase (67.2% vs. 25.0%, p <0.001), acute phase (71.9% vs. 32.8%, p <0.001) and delayed
phase (67.2% vs. 37.5%, p<0.001). In crossover analysis, the olanzapine group had significantly lower mean nausea (1.28 vs.
3.05, p<0.001) and fatigue (3.5 vs. 4.58, p <0.001) scores but higher mean appetite (2.5 vs. 1.55, p=0.003) and sleepiness
(3.26 vs. 2.2, p<0.001) scores. There were no grade 3 and 4 anti-emetic-drug-related toxicities. Mean QT interval changes
did not different between two groups (—4.30 vs. —1.86, p=0.69).

Conclusion The addition of olanzapine to ondansetron and dexamethasone significantly improved CINV prevention and
was safe in patients receiving HEC.
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Introduction

Chemotherapy-induced nausea and vomiting (CINV) is a
common side effect that can result in suboptimal cancer
treatment and affect the patient’s quality of life [1-3]. How-
ever, prophylactic anti-emetic drugs have been significantly
improved over the years and can now reduce CINV from 80
to 35% in patients receiving highly and moderately eme-
togenic chemotherapy [4].

Olanzapine is now a standard anti-emetic agent for CINV
prevention. It is an antipsychotic drug that centrally blocks
multiple neurotransmitters involved in CINV [5, 6]. Sev-
eral studies showed that when olanzapine was used with
dexamethasone and 5-HT3 antagonist, it was effective in
preventing CINV [7-11]. Among these trials, two-phase 3
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trials demonstrated the efficacy of olanzapine when used
with palonosetron (a 5-HT3 antagonist) and dexamethasone
with or without aprepitant (an NK1 antagonist) [12, 13]. As
aresult, these anti-emetic regimens have been recommended
for CINV prevention in patients receiving highly emetogenic
chemotherapy (HEC) [14, 15]. However, in resource-limited
setting, this regimen is unattainable due to the cost of palo-
nosetron and NK-1 antagonists. An alternative regimen is
much needed to prevent CINV in patients on HEC.

Ondansetron is a first-generation 5-HT3 antagonist used
to prevent CINV. Since there are lots of generic ondansetron
available in the market, therefore it is much more accessible
than palonosetron. However, as compared to palonosetron,
it has a shorter half-life and can cause QTc interval prolon-
gation, an overlapping side effect with olanzapine [16, 17].

Thus, this prospective, crossover, randomized study
assessed the efficacy and safety of adding olanzapine to
ondansetron and dexamethasone to prevent CINV in patients
receiving HEC.

Method
Study design and patients

This double-blind, placebo-controlled, crossover study
assessed the efficacy and safety of olanzapine versus match-
ing placebo adjunct to ondansetron and dexamethasone as an
anti-emetic regimen to prevent CINV in patients receiving
HEC at the King Chulalongkorn Memorial Hospital.

Patients aged 18 years or older with cancer who had not
received chemotherapy were eligible if they were sched-
uled to receive adriamycin—cyclophosphamide (adriamycin
60 mg/m? and cyclophosphamide 600 mg/m?, AC) or high-
dose cisplatin (> 70 mg/m?) regimens. The patients with at
least creatine clearance of 60 mL/min, aspartate and alanine
aminotransferase levels no more than three times the upper
limit of the normal range, and had an absolute neutrophil
count of at least 1500 per mm? were enrolled into the study.
Patients with nausea and vomiting within 24 h, upper gas-
trointestinal malignancy causing nausea and vomiting, brain
metastases or any neurological disease, psychosis, chronic
alcoholism, allergy to olanzapine, QTc prolongation (cor-
rected QT was calculated with Bazett’s formula; prolonga-
tion was defined as greater than 450 ms), significant heart
disease, and uncontrolled diabetes mellitus were excluded
from the study. The study also excluded patients who had
chest or abdominal irradiation, on antipsychotic drugs, and/
or on quinolone antibiotics.

Randomization, masking and treatment regimen

Patients were enrolled via the permuted block randomiza-
tion procedure by computerized method. The stratifica-
tion factor was chemotherapy regimen, AC or high-dose
cisplatin. Both investigators and patients were blinded
to the treatment regimens. The patients were randomly
assigned in 1:1 ratio to receive olanzapine or matching
placebo. Upon the second cycle of chemotherapy, those
who initially received olanzapine now received the match-
ing placebo while the other group who were on matching
placebo now received olanzapine. The patients received
olanzapine 10 mg tablet or a matching placebo per oral,
ondansetron 8 mg intravenously and dexamethasone 20 mg
intravenously for 30 min before starting chemotherapy. On
days 2—4 of chemotherapy, the patients received olanzap-
ine 10 mg tablet or a matching placebo once daily with
dexamethasone 4 mg tablet twice daily.

Study endpoints

The primary endpoints were the first-cycle complete
response (CR) rates in acute, delayed and overall phases
of treatment. CR was defined as no emesis and no use of
rescue drug.

The secondary endpoints were the crossover CR rate, no
nausea rate, patient’s satisfaction, reported adverse events
and QTc interval changes. CINV severity was graded by
CTCAE version 4.0, and the patient’s satisfaction was
evaluated by visual analog scale (VAS).

Assessment procedure

At 0-120 h of chemotherapy, the patients were asked to
daily record episodes of vomiting and use of rescue ther-
apy in a diary. Nausea was assessed by VAS, scale ranging
from O to 10. No nausea was defined as nausea scale 0. The
anti-emetic-drug-related adverse events were assessed by
investigators. However, fatigue, loss of appetite and sleepi-
ness were assessed by VAS. There was a study nurse that
reminded the patients daily to fill out the records on days
2-5. ECG was performed before and 2 h after taking the
premedications.

Trial oversight

The protocol for this trial was reviewed and approved by
the institutional review board of the Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand. The trial
was conducted in accordance with the provisions of the
Declaration of Helsinki. All patients provided written
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informed consent before enrollment. The first and last
authors drafted the manuscript. All authors contributed
to subsequent drafts and approved the final version of the
manuscript.

Statistical analysis

Based on the improvement of overall CR from 13 to 42%
in patients receiving aprepitant versus placebo in addition
to dexamethasone and ondansetron [18], and the equivalent
efficacy of aprepitant and olanzapine in CINV prevention
[19], the study required 58 patients to obtain a 0.80 power
at one-sided type I error level of 0.05 to demonstrate the
better CR of olanzapine versus placebo in CINV prevention.
The total number of enrolled patients was increased to 64
patients based on a 10% drop out rate.

The percentage of intention-to-treat population with CR
for the acute, delayed and overall phases was calculated.
The Chi square test was performed to compare the CR rates
between the treatment arms for the first cycle. The McNe-
mar’s test was performed to compare the CR rates between
treatment arms for the second cycle.

We used ANOVA for crossover method to determine
changes of mean VAS of nausea, sleepiness, loss of appetite
and the patient’s appreciation across both cycles.

All adverse events were reported as percentage according
to the CTCAE version 4.0. The paired ¢ test and McNemar’s
test were used to compare QTc prolongation before and after
medications in the first and second cycles.

All statistical analyses were run by using IBM SPSS sta-
tistics, version 22.

Results
Patients’ characteristics

From May to August 2017, 64 patients were eligible for the
study. 32 patients were randomly assigned to either the olan-
zapine or placebo group. After first cycle, there were one and
three patients in olanzapine and placebo arms, respectively,
did not receive second-cycle chemotherapy due to intoler-
able nausea and vomiting. The study flow is shown in Fig. 1.

There were no significant differences in baseline char-
acteristics between the two groups. About two third of
the patients received AC. The mean dose of cisplatin was
72.96 mg/m*. Among patients receiving cisplatin, only
one patient received cisplatin at dose less than 70 mg/m?
(69.19 mg/m?) in placebo group. The patients’ baseline char-
acteristics are shown in Table 1.

Efficacy analysis

At the first cycle, there were significantly more patients
with CR in the olanzapine group than in the placebo group
in overall phase (68.7% vs. 25.0%, p<0.001), acute phase
(0-24 h) (75.0% vs. 31.2%, p<0.001) and delayed phase
(24-120 h) (68.7% vs. 43.7%, p=0.038). At the second
cycle, four patients did not receive the second cycle but were
included in the analysis as event occurrence (i.e., no CR) in
the second cycle. After crossover, there were significantly
more patients with CR in the olanzapine group than in the
placebo group in overall phase (67.2% vs. 25.0%, p<0.001),

Fig. 1 Patient disposition

Assessed for eligibility m=70)

Excluded n=6)

4-Ineligible

- > 2-RT to chest wall
1=Delirium on medication
1=No informed consent

2-Lost to follow up

Randomized n=64) |

N

1" cycle olanzapine n=32)

1" cycle placebo n=32)

I-cannot tolerate chemotherapy 3-cannot tolerate chemotherapy

v

| 2" cycle placebo n-31)

| | 2" cycle olanzapine (n-29) |

|

}

| Completed 2 cycles m=31)

| | Completed 2 cycles (n=29) |

@ Springer



International Journal of Clinical Oncology (2020) 25:396-402

399

Table 1 Baseline characteristics

Olanzapine (n=32) Placebo (n=32) Total (n=64) p value
Median age (years) 55 (26-72) 53 (28-73) 54.50 (26-73) 0.453
Age (range)
18-50 12 (37.50%) 14 (43.75%) 36 (56.25%) 0.775
51-70 18 (56.25%) 17 (53.25%) 35 (54.50%)
>70 2 (6.25%) 1 (3.15%) 3 (4.65%)
Sex
Male 10 (31.25%) 10 (31.25%) 20 (31.25%) 1.00
Female 22 (68.75%) 22 (68.75%) 44 (68.75%)
ECOG performance status
0 18 (56.25%) 14 (43.75%) 32 (50.0%) 0.450
1 14 (43.75%) 18 (56.25%) 32 (50.0%)
Median body weight (kg) 53.70 (38.00-90.50) 61.70 (41.00-92.40) 58.00 (38.00-92.40) 0.024
Alcohol use
Current 1(3.12%) 0 (0.00%) 1 (1.56%) 0.446
Former 7 (21.88%) 10 31.25%) 17 (26.56%)
Never 24 (75.0%) 22 (68.75%) 46 (71.88%)
History of motion sickness
Yes 3(9.37%) 5(15.63%) 8 (12.5%) 0.708
No 29 (90.63%) 27 (84.38%) 56 (87.5%)
Cancer type
Breast 18 (56.25%) 17 (53.13%) 35 (54.69%) 0.398
Head and neck 9 (28.13%) 13 (40.63%) 22 (34.37%)
Lung 3(9.37%) 2 (6.25%) 5(7.81%)
Other 2 (6.25%) 0 2 (3.12%)
Radiotherapy
Yes 9 (28.13%) 13 (40.63%) 22 (34.38%) 0.430
No 23 (71.88%) 19 (59.38%) 42 (65.63%)
Chemotherapy
AC 18 (56.25%) 19 (59.38%) 37 (57.81%) 0.472
High-dose cisplatin 14 (43.75%) 13 (40.62%) 27 (42.19%)
Median cisplatin dose (mg/m?) 71.58 (69.19-75.49) 74.02 (71.46-82.37) 72.89 (69.19-82.37) 0.257

ECOG Eastern Cooperative Oncology Group, AC adriamycin and cyclophosphamide

acute phase (71.9% vs. 32.8%, p <0.001) and delayed phase
(67.2% vs. 37.5%, p<0.001). All CR rates are shown in
Table 2. The number of vomiting or retching during the
olanzapine cycle was lower than during the placebo cycle
in all treatment phases. Most of the emetic episodes occurred
on day 1 through day 3 as shown in Fig. 2.

At the first cycle, no nausea rates in the olanzapine
group were significantly lower than the placebo group for
all treatment phases (overall; 40.6% vs. 12.5%, p=0.011,
0-24 h; 53.1% vs. 25%, p=0.021 and 24-120 h; 40.6% vs.
12.5%, p=0.011). At the second cycle, the four patients
who did not receive the second cycle were kept in the
analysis and were counted as event occurrence (i.e., nau-
sea). In the crossover analysis, no nausea rates in olan-
zapine group were significantly higher than in the placebo

group for all treatment phases (overall; 40.6% vs. 10.9%,
p<0.001, 24 h; 48.4% vs. 20.3%, p=0.001, 24-120 h;
42.2% vs. 14.1%, p=0.001). All no nausea rates are shown
in Table 3.

In the crossover analysis using VAS, the patients in the
olanzapine group had significantly lower mean VAS in
nausea (1.28 vs. 3.05, p<0.001) and fatigue (3.5 vs. 4.58,
p <0.001) but higher mean VAS in appetite (2.5 vs. 1.55,
p=0.003) and sleepiness (3.26 vs. 2.2, p<0.001). The
mean VAS of nausea was higher in the placebo group than
in the olanzapine group for all treatment phases and were
much greater on days 1 and 2 (Fig. 3a). On the other hand,
the mean VAS of appetite and sleepiness in the olanzap-
ine group were higher on day 1 through day 5. The VAS
results are shown in Fig. 3.
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Table2 Complete response (CR) rate

First-cycle CR rate

Olanzapine (n=32), % (95% CI) Placebo (n=32), % (95% CI) p value
Overall 68.7 (51.43-82.05) 25.0 (13.2542.11) 0.001
Acute 75.0 (58.89-86.75) 31.2 (17.95-48.57) 0.001
Delayed 68.7 (51.43-82.05) 43.7 (28.17-43.75) 0.038
Crossover CR rate
Olanzapine (n=64), % (95% CI) Placebo (n=64), % (95% CI) p value
(McNe-
mar’s)
Overall 67.2 (55.00-77.43) 25.0 (16.01-36.82) 0.001
Acute 71.9 (59.87-81.41) 32.8 (23.57-45.00) 0.001
Delayed 67.2 (55.00-77.43) 37.5 (26.67-49.75) 0.001

CR complete response, CI confidence interval

100%
90%
80%
70%
60%
50%
40%
30%

20%
- J8 HN 1 O
0% -
Day 1 Day 2 Day 3 Day 4 Day 5

® Olanzapine = placebo

Fig.2 Percentage of patients experiencing at least one episode of
vomiting or retching

Safety

There were no serious anti-emetic-drug-related adverse
event in this study. There were no clinically significant

Table 3 No nausea rate

hyperglycemia (defined as having a score greater than
grade 2) or undesirable sleepiness that disrupted the daily
activity (defined as having a score greater than grade 1) in
the olanzapine group.

There were 12 patients that had QTc prolongation after
chemotherapy including seven and five patients in the
olanzapine and placebo groups, respectively (p =0.28).
Two patients had QTc prolongation in both cycles. Means
QTc interval change were not different between the two
groups: —4.30 ms in the olanzapine group vs. —1.86 ms in
the placebo group (p =0.69). However, there were more
QTc prolongation rates in the patients on cisplatin than in
patients on AC. Among patients receiving cisplatin, QTc
prolongation occurred more frequently in the olanzapine
group compared to those in the placebo group (23% vs.
12%).

First-cycle no nausea rate

Olanzapine (n=32), % (95% CI) Placebo (n=32), % (95% CI) p value
Overall 40.0 (24.2-59.2) 12.5 (4.9-29.9) 0.021
Acute 53.1 (35.9-70.5) 25.0 (12.1-43.8) 0.011
Delayed 40.6 (24.2-59.2) 12.5 (5.0-29.9) 0.010
Crossover no nausea rate
Olanzapine (n=64), % (95% CI) Placebo (n=64), % (95% CI) p value
(McNe-
mar’s)
Overall 40.6 (28.8-53.6) 10.9 (4.9-21.8) 0.001
Acute 48.4 (35.9-61.2) 20.3 (11.7-32.6) 0.001
Delayed 42.2 (30.2-55.2) 14.1 (7.0-25.5) 0.001
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Fig.3 VAS score of the patients A VAS nausea B VAS sleepiness
on olanzapine vs. placebo. 6 5
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Patient satisfaction

Among 60 patients receiving crossover anti-emetic regimen,
52 patients chose to continue olanzapine containing anti-
emetic regimen (p <0.001).

Discussion

This randomized, double-blind, crossover trial demon-
strated the benefit of adding olanzapine to dexamethasone
and ondansetron to prevent CINV compared to the placebo.
We observed clinical improvement in CR and no nausea
rates with no significant undesired adverse event in patients
receiving olanzapine.

Similar to previous studies, we demonstrated that the
addition of olanzapine improved CINV prevention in
patients receiving HEC. In previous phase III trials, the addi-
tion of olanzapine led to better CINV prevention when used
with 5-HT3 antagonist, dexamethasone and NK-1 inhibitor
[12, 13, 19, 20]. The benefit of adding olanzapine is quite
consistent, even though there were some variations in the
study endpoint, olanzapine dosage, and chemotherapy regi-
mens among these trials.

The addition of olanzapine to ondansetron and dexa-
methasone improved CINV prevention in overall, acute
and delayed phases in patients receiving HEC. These
findings were consistent with previous studies regarding
the benefit of adding olanzapine to anti-emetic regimens
for both acute and delayed phases in CINV prevention
[13, 21]. However, some previous studies did not dem-
onstrate any improvement of CINV prevention during
the acute phase [20]. This inconsistent benefit during
the acute phase may be due to several factors such as

placebo

®olanzapine ® placebo

mean
C1D4 C1D5

placebo

mean

chemotherapy regimens, different populations, differ-
ent anti-emetic regimens and different 5-HT3 antago-
nists used. However, in this study, the efficacy of adding
olanzapine to ondansetron and dexamethasone in CINV
prevention in both acute and delayed phases in patients
on HEC was confirmed by the crossover analysis which
controlled the intervariability and intravariability of the
patients between two groups.

The addition of olanzapine was well tolerated. Similar
to previous studies, there were no serious anti-emetic-
related adverse events but more sleepiness in patients on
olanzapine [13, 20]. In the crossover analysis, most par-
ticipants preferred olanzapine over the placebo, reflect-
ing the patients’ perception of benefit over side effects
of olanzapine. As a concerned overlapping toxicity, the
preplanned QTc interval assessment was performed in this
study. The study revealed no significant difference in QTc
prolongation incidences and mean QTc changes between
olanzapine and placebo groups. However, there was more
QTec prolongation in olanzapine group than placebo group
among patients receiving cisplatin. Although this finding
needs to be validated, we caution the use of ondansetron
and olanzapine combination in patients receiving high-
dose cisplatin, especially in concurrent with other drugs
or conditions that could increase risk of QTc prolongation.

Currently, the anti-emetic regimen consisting of dexa-
methasone and palonosetron plus a NK-1 antagonist or
olanzapine is widely recommended in preventing CINV
for HEC [12, 13, 22-25]. We demonstrated the benefit
and safety of adding olanzapine to ondansetron and dexa-
methasone in patients on HEC. Although the sample size
is quite small, these findings support olanzapine, ondanse-
tron and dexamethasone as a standard regimen for patients
who lack access to palonosetron and NK-1 antagonist.
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Conclusion

Without the NK-1 antagonists, the addition of olanzapine
to ondansetron and dexamethasone significantly improved
CINV prevention and was safe in patients who were receiv-
ing HEC.
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