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ABSTRACT

Background. Olanzapine is an inexpensive and durable
agent for the treatment of chemotherapy-induced nausea
and vomiting and is also superior to neurokinin-1 receptor
antagonists in the control of nausea. This study aimed to
investigate the efficacy and safety of a low dose of 5 mg
olanzapine plus granisetron and dexamethasone for treat-
ment of carboplatin (CBDCA)-induced nausea and vomiting
in patients with thoracic malignancies.
Materials and Methods. We conducted a prospective,
open-label, single-arm, multicenter, phase II trial in four
centers in Japan. Registered patients were scheduled to
receive area under the curve (AUC) ≥5 mg/mL per minute
of CBDCA and had never received moderately to highly
emetogenic chemotherapy. Patients received olanzapine
5 mg/day orally after supper for 4 days, in combination
with granisetron and dexamethasone. Primary endpoint

was complete response (CR; no emesis and no use of rescue
medication) rate during the overall phase (0–120 hours).
Results. Between February 2018 and June 2020, 51 patients
were enrolled, and 50 patients were evaluated. The CR
rates in the overall (0–120 hours), acute (0–24 hours), and
delayed phases (24–120 hours) were 94.0%, 100%, and
94.0%, respectively. No grade 3 or higher adverse effects of
olanzapine were observed.
Conclusion. Prophylactic antiemetic therapy with a low dose
of 5 mg olanzapine plus granisetron and dexamethasone
showed durable efficacy with an acceptable safety profile.
This three-drug combination appears to be a reasonable
treatment approach in patients with thoracic malignancies
receiving an AUC ≥5 mg/mL per minute of CBDCA-based reg-
imen. Clinical trial identification number: UMIN000031267.
The Oncologist 2021;26:e1066–e1072

Implications for Practice: The results of this phase II trial indicated that the prophylactic administration of low-dose of 5 mg
olanzapine combined with granisetron and dexamethasone has promising activity with acceptable safety profile in patients
with thoracic malignancy receiving high-dose carboplatin chemotherapy.
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INTRODUCTION

Carboplatin (CBDCA) is a key drug for the treatment of
patients with thoracic malignancies [1–8]. However, CBDCA
is well known to have a higher emetic risk among moder-
ately emetogenic chemotherapy (MEC) and/or highly
emetogenic chemotherapy (HEC). Chemotherapy-induced
nausea and vomiting (CINV) deteriorates patients’ quality
of life (QOL), impairs compliance to medications, decreases
the efficacy of therapy, and reduces the likelihood of thera-
peutic success [9]. Therefore, the maximum prevention of
CINV is vital for maintaining the patients’ QOL and continu-
ing chemotherapy. In the latest international antiemetic
guidelines, for patients with thoracic malignancies receiving
CBDCA-based regimens, standard antiemetic prophylaxis for
CINV is a three-drug combination comprising 5-hydroxytryp-
tamine type-3 receptor antagonist (5-HT3 RA), dexametha-
sone (DEX), and neurokinin-1 receptor antagonist (NK1 RA)
[10–12]. Emetogenicity is not only dependent on the type
of anticancer agents but also has associated patient-related
risk factors [13–16]. In particular, female sex and younger
age have repeatedly been associated with an increased risk
of CINV. In contrast, older age, which is in majority of the
patients with thoracic malignancies, decreases the risk for
CINV. In CBDCA-based chemotherapy, the complete response
(CR), which was defined as the absence of emetic episodes
and no administration of rescue medication for CINV, rate
of treatment with first-generation 5-HT3 RA, and DEX was
approximately 50% and 65% in patients with gynecological
[17, 18] and thoracic [19, 20] malignancies, respectively.
Moreover, the CR rate of a standard three-drug combination
treatment containing aprepitant (APR) is as high as 80%–90%
in patients with lung cancer [19, 21–23].

Olanzapine (OLZ) is an antipsychotic drug classified as a
multiacting, receptor-targeted agent and is a highly effective,
inexpensive, and easily available antiemetic agent. Several
pivotal randomized trials demonstrated that prophylactic
administration of 10 mg of OLZ improved nausea prevention
and the CR rate in patients who received MEC and/or HEC
[24–28].

Navari et al. reported a head-to-head comparison of the
effect of APR versus 10 mg of OLZ when combined with pal-
onosetron (PALO), a second-generation 5-HT3 RA, plus DEX
for HEC regimen in a phase III trial [24]. The study demon-
strated that the CR rate of OLZ is comparable to that of
APR. In contrast, treatment with 10 mg of OLZ showed
excellent control of nausea in the delayed and overall
periods than APR. This finding was also confirmed in a net-
work meta-analysis of HEC regimens [29]. There are studies
using 10 mg of OLZ for CBDCA-induced CINV, although they
included fewer patients receiving CBDCA as a part of vari-
ous MEC regimens [25, 30]. Moreover, patient sedation due
to 10 mg of OLZ therapy may be a concern [24]. Guidelines
suggest that reducing the dose of OLZ to 5 mg should be
considered for patients with a risk of excessive sedation
while receiving 10 mg of OLZ [10–12]. A phase II trial indi-
cated that treatment with 5 mg and 10 mg of OLZ showed a
comparable CR rate, but 5 mg of OLZ was less sedative in
patients who received cisplatin-based regimens [31]. The

cost per treatment cycle of 5 mg of OLZ ($7.03, $1 = ¥
104.34 [October 29, 2020]) is less than that of APR
($111.54) and fosaprepitant ($139.40). We believe that OLZ
can replace NK1 RA, because NK1 RA has high cost and clini-
cally significant pharmacokinetic drug-drug interactions via
inhibition of cytochrome P450 3A4 [32]. However, the effi-
cacy and safety of treatment with OLZ, especially at a low
dose of 5 mg, against CBDCA-induced CINV in patients with
thoracic malignancies, has not been demonstrated.

Therefore, this study aimed to investigate the efficacy
and safety of a three-drug combination of low dose OLZ of
5 mg combined with granisetron (GRN) and DEX in treat-
ment of CBDCA-induced CINV in Japanese patients with
thoracic malignancies.

MATERIALS AND METHODS

Study Design
This prospective study was an open-label, single-arm, multi-
center, phase II trial conducted in four centers (Gifu University
Hospital, Gunma Prefectural Cancer Center, Keio University
Hospital, and Asahi University Hospital) in Japan, and in
accordance with the Declaration of Helsinki and the Ethical
Guidelines for Clinical Studies. The study was approved by
the institutional review board at each participating center.
This study was registered with the University Hospital Medi-
cal Information Network (umin.ac.jp/ctr/index/htm), number
UMIN000031267 (principal investigators: H.I., Y.O; primary
statistician: M.S.).

Patients’ Selection
Patients with thoracic malignancies, who were scheduled to
receive CBDCA (area under the curve [AUC] ≥5)-based che-
motherapy, were registered in this study. Other eligibility
criteria were age ≥ 20 years and < 80 years and an Eastern
Cooperative Oncology Group performance status (ECOG PS)
of 0, 1, or 2; no symptomatic brain metastasis and carcino-
matosis; no history of administration of moderately-to-highly
emetogenic chemotherapy; no current use of any drugs with
antiemetic activity or somnolence, such as 5-HT3 RA, NK1 RA,
corticosteroids, antidopamine agonists, phenothiazine tran-
quilizers, antihistamine drugs (premedication at paclitaxel
administration was allowed), benzodiazepine agents, and so
on; meeting the following standard values in general clinical
tests: aspartate aminotransferase and alanine aminotransfer-
ase ≤100 U/L and total bilirubin ≤2.0 mg/dL; and provided
written informed consent.

Patients were ineligible based on the following criteria:
history of hypersensitivity or allergy for study drugs or simi-
lar compounds; requirement of antiemetics at enrollment;
administration of opioids within 48 hours prior to enroll-
ment; unstable angina, ischemic heart disease, cerebral hem-
orrhage or apoplexy, and active gastric or duodenal ulcer
within 6 months prior to enrollment; having convulsive disor-
ders requiring anticonvulsant therapy; ascites effusion requir-
ing paracentesis; gastrointestinal obstruction; breastfeeding
or expecting women or who do not wish to use contracep-
tion; having psychosis or psychiatric symptoms that interfere
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with daily life; having received abdominal or pelvic irradia-
tion within 6 days prior to enrollment; having had diabetes
mellitus; habitual smoker at enrollment; and other patients
who were judged to be inappropriate for the study by the
investigator.

Treatment Regimen
GRN of 1 mg was intravenously administered to patients
30 minutes before chemotherapy on day 1. DEX (9.9 mg
intravenous infusion or 12 mg oral) was administered
30 minutes before chemotherapy on day 1. DEX (6.6 mg
intravenous infusion or 8 mg oral) was also administered on
days 2 and 3. OLZ (5 mg oral) was administered after supper
for 4 days from the initial administration of CBDCA-based
regimens. When paclitaxel was used as a combination of
chemotherapy, the dose of DEX was increased to 19.8 mg
intravenously or 20 mg orally on day 1 to prevent infusion-
related hypersensitivity reactions.

Assessment Procedures
In the prestudy period, all patients’ demographic characteris-
tics and medical data were recorded. Data were collected
from patient diaries. Patients filled out the diary every
24 hours from the start of CBDCA to 120 hour periods, in
which they daily reported the presence or absence of nausea,
decreased appetite, somnolence, decreased concentration,
and insomnia using a four-point Likert scale (none, mild, mod-
erate, and severe). Vomiting was reported using a five-item
scale (none, 1–2 times, 3–5 times, 6 times or more, and
almost always), and the use of rescue medication was
reported using a four-item scale (none, 1 time, 2 times, and
3 times or more). After the overall assessment period (0–120
hours), patient-reported study diaries were collected. Patients
were also assessed before the initiation of chemotherapy to
record baseline parameters. Overall patient satisfaction with
antiemetic therapy was measured on a seven-point Likert
scale (very satisfied, satisfied, somewhat satisfied, rather sat-
isfied, rather dissatisfied, dissatisfied, and very dissatisfied)
after the overall assessment period (0–120 hours).

Outcomes
The primary endpoint was CR rate, which was defined as no
emetic episodes and no administration of rescue medica-
tion for CINV in the overall assessment period (0–120
hours) after initiation of CBDCA-based regimen.

Secondary endpoints were CR rate in the acute period
(0–24 hours), CR rate in the delayed period (24–120 hours),
and complete control (CC) rate, which was defined as no
emetic episodes, no use of rescue medication, and no sig-
nificant nausea in the overall, acute, and delayed period.
Significant nausea was defined as “moderate” and “severe”
categories; a total control (TC) rate, which was defined as
no emetic episodes, no use of rescue medication, and no
nausea in the overall, acute, and delayed period; a time to
treatment failure, which was defined as time to first emetic
episode or use of rescue medication; and patient satisfac-
tion with antiemetic therapy.

Adverse events were graded according to the Common
Terminology Criteria for Adverse Events (CTCAE) ver-
sion 4.0.

Statistical Analysis
This study hypothesized that the CR rate for 5 mg OLZ com-
bined with GRN and DEX for AUC ≥5 mg/mL per minute of
CBDCA-based regimens would be significantly higher than that

Table 1. Patients’ characteristics

Characteristics All Patients

Total number of patients 50

Age, yr

Median (range) 71 (34–79)

Gender, n (%)

Male 35 (70.0)

Female 15 (30.0)

ECOG PS, n (%)

0 26 (52.0)

1 18 (36.0)

2 6 (12.0)

Thoracic malignancy, n (%)

Small cell lung cancer 11 (22.0)

Non-small cell lung cancer 33 (66.0)

Thymoma/thymic carcinoma 5 (10.0)

Others 1 (2.0)

Carboplatin dose, n (%)

AUC 5 mg/mL/min 40 (80.0)

AUC 6 mg/mL/min 10 (20.0)

Additional anticancer drugs, n (%)

Pemetrexed 10 (20.0)

Pemetrexed+bevacizumab 3 (6.0)

Pemetrexed+pembrolizumab 4 (8.0)

Paclitaxel 3 (6.0)

Paclitaxel+bevacizumab+atezorizumab 2 (4.0)

paclitaxel+pembrolizumab 2 (4.0)

Nab-paclitaxel 2 (4.0)

Nab-paclitaxel+pembrolizumab 4 (8.0)

Etoposide 10 (20.0)

Etoposide+atezorizumab 2 (4.0)

Vinorelbine 5 (10.0)

Tegafur/gimeracil/oteracil 3 (6.0)

Habitual alcohol consumption, n (%)

Yes 25 (50.0)

No 25 (50.0)

Motion sickness, n (%)

Yes 7 (14.0)

No 43 (86.0)

Morning sickness, n (%)

Yes 9 (18.0)

No 6 (12.0)

No experience, n (%) 19 (38.0)

Unknown 16 (32.0)

Abbreviations: AUC, area under the curve; ECOG PS, Eastern Coop-
erative Oncology Group performance status.
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of the CR rate for standard antiemetic doublet therapy. Other
trials have shown CR rates of approximately 65% [19, 20]. An
improvement of the treatment effect has to be >10% to
amend the guidelines of the Multinational Association of Sup-
portive Care in Cancer/European Society for Medical Oncology
2016 [10] based on previous studies in which the CR ratio of
antiemetic treatment with PALO, DEX, and APR was 80.5%–
92% [19, 21–23]. We believe that an improvement of >15% in
the CR rate can be clinically meaningful.

Therefore, assuming the null hypothesis of the CR rate
to be ≤65% and an alternative hypothesis to be 80%, we
calculated that a minimum of 48 patients were required to
achieve a one-sided type I error of 0.1 and 80% of power,
based on the exact binomial distribution. As some study
dropouts were expected, we set the target sample size to
50 patients.

Patients’ characteristics, rate of CINV control, and
treatment-related adverse events were summarized by
descriptive statistics or reported as the frequency and pro-
portion of total patients. The 80% confidence interval [CI]
for the CR rate was calculated by the Clopper–Pearson exact
method.

Univariate and multivariate logistic regression analyses
with the backward elimination method were performed to
determine the risk factors associated with CINV in the overall
period. All potential explanatory variables reported in several
previous studies were included as independent variables.
These were patient-related risk factors, such as age, sex, ECOG
PS, habitual alcohol consumption, and motion sickness [13–
16]. All analyses were performed using SAS version 9.4 (SAS
Institute, Inc., Cary, NC). All p values were two-sided, and
p < .05 was considered statistically significant.

RESULTS

Study Patients
Between February 2018 and June 2020, 51 patients were
enrolled in this study. One patient was excluded from the

analysis as the patient failed to receive chemotherapy
because of an angina attack. Thus, 50 patients were evalu-
ated for efficacy and safety analysis. Demographic data and
patient characteristics are shown in Table 1.

Efficacy
As shown in Table 2, the CR rates in the overall, acute, and
delayed phases were 94.0% (80% CI, 87.1–97.8; p < .0001),
100%, and 94.0%, respectively. The incidences of nausea
and vomiting over time (every 24 hours) for 5 days are
presented in Table 3. The incidence of nausea and vomiting
was higher on days 3–4 than on other days.

Safety
The prevalence of major adverse events upon treatment with
OLZ is shown in Table 4. In the CTCAE version 4.0, there were
no grade 3 or higher adverse events. In the patient diaries, the
highest incidences of somnolence and decreased concentra-
tion were noted on day 4 compared with other days, with inci-
dence rates of 76.0% and 40.0%, respectively (Fig. 1). The
rates of severe symptoms were as low as 4% for somnolence
and 2% for decreased concentration.

Patient Factors Affecting CINV Control
There were no risk factors associated with non-CR, CC, or
vomiting. The results of univariate logistic analyses are
shown in Table 5. The multivariate logistic analyses showed
that only incidence of motion sickness remained the most
strongly associated factor with TC and no nausea in the
overall phase (odds ratio, 0.14; 95% CI, 0.022–0.841; p =
.0318; and odds ratio, 0.14; 95% CI, 0.022–0.841; p = .0318,
respectively), but the values were similar to the results of
the univariate logistic analysis.

Patient Satisfaction
Patient satisfaction with the antiemetic therapy was rated as
follows: very satisfied (38.0%), satisfied (44.0%), somewhat
satisfied (8.0%), rather satisfied (8.0%), and dissatisfied (2.0%).

Table 2. Rate of complete response, complete control, and total control during acute, delayed, and overall treatment period

Endpoint

Overall phase Acute phase Delayed phase
No. (%) 80% CI p value No. (%) No. (%)

Complete response 47 (94.0) (87.1–97.8) <.0001 50 (100.0) 47 (94.0)

Complete control 47 (94.0) 50 (100.0) 47 (94.0)

Total control 43 (86.0) 50 (100.0) 43 (86.0)

Abbreviation: CI, confidence interval.

Table 3. The incidence of nausea and vomiting over time
(every 24 hours) for 5 days

Day Nausea Vomiting

Day 1 0 (0) 0 (0)

Day 2 1 (2.0) 1 (2.0)

Day 3 6 (12.0) 2 (4.0)

Day 4 7 (14.0) 2 (4.0)

Day 5 3 (6.0) 0 (0)

Data are n (%).

Table 4. Treatment-related adverse events

Symptom term Grade 1 Grade 2 Any grade

Dry mouth 31 (62.0) 1 (2.0) 32 (64.0)

Hiccups 20 (40.0) 5 (10.0) 25 (50.0)

Constipation 20 (40.0) 16 (32.0) 36 (72.0)

Insomnia 25 (50.0) 3 (6.0) 28 (56.0)

Somnolence 36 (72.0) 2 (4.0) 38 (76.0)

Dizziness 19 (38.0) 0 (0.0) 19 (38.0)

Data are n (%).
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No patients reported feeling rather dissatisfied and very
dissatisfied.

DISCUSSION

This well-designed phase II study demonstrated for the
first time that a low dose of 5 mg OLZ with the addition of
first-generation 5-HT3 RA and DEX for the treatment of
CBDCA-induced CINV appeared to have a beneficial effect
with an acceptable safety profile in patients with thoracic
malignancies.

Jordan et al. conducted a meta-analysis to evaluate the
efficacy of the addition of NK1 RA to 5-HT3 RA and DEX
combination therapy for MEC [33]. The study demonstrated
that the absolute risk difference for the overall CR rate was
15%, corroborating the addition of NK1 RA in CBDCA-based
chemotherapy. In the present study, we hypothesized that
5 mg of OLZ would improve CR rate by 15% than a two-drug
combination. The CR rate was 94.0%, which was 29% higher
than the null hypothesis and greater than our alternative
hypothesis of 80%. Thus, 5 mg of OLZ might be more effec-
tive than adding NK1 RA because of a high CR rate of 94.0%.
We also found that the highest incidence of nausea and
vomiting was on days 3–4, consistent with a previous report

of two- or three-drug combinations for CBDCA [34]. There-
fore, it is necessary to closely monitor the onset of nausea
and vomiting on days 3–4, despite administration of OLZ.

Tanaka et al. reported the efficacy of a four-drug combi-
nation consisting of OLZ (5 mg), APR, 5-HT3 RA (GRA or
PALO), and DEX for CINV induced in response to CBDCA-
based chemotherapy in 33 patients with lung cancer [35].
They reported that the rates of CR, CC, and TC during the
overall period were 93.9%, 90.9%, and 81.8%, respectively.
The antiemetic efficacy of the present study was consistent
with that of a previous study, although there were a few
differences in patient characteristics (age and sex), APR,
and 5-HT3 RA (GRA or PALO). In that report, patients had
average age of 75 years, and 87.9% were male. Thus, the
present study had younger patients, a higher population of
female sex, a three-drug combination, and administered
first-generation 5-HT3 RA in comparison with the previous
study. The outcomes of the present study were comparable,
although the risk of developing CINV was higher.

We previously reported the efficacy of a four-drug com-
bination using first-generation 5-HT3 RA in 57 patients with
gynecological cancer who were treated with CBDCA-based
chemotherapy [36]. The rates of CR, CC, and TC during the
overall period were 78.9%, 77.2%, and 56.1%, respectively.
However, these results were worse than those of the pre-
sent study and that by Tanaka et al. The difference in anti-
emetic effects may be not due to the differences in the
anticancer agents used in combination with CBDCA; for
instance, paclitaxel, which was used in 96.5% of the patients
with gynecological cancer, is known to have a lower emetic
risk than pemetrexed, which is more commonly used in the
treatment of lung cancer [37]. The risk analysis in this study
failed to reveal any differences based on sex or age, but
female sex and younger age have proven to be well-known
patient-related risk factors [13–16]. In our previous study,
all patients with gynecological cancer had a median age of
58 years. Nevertheless, somnolence and decreased concen-
tration were found to be comparable with that in younger
patients, and OLZ was considered safe for use in the elderly.

Table 5. Risk analysis for total control and no nausea in
overall phase

Prognostic factors

Univariate analysis

OR 95% CI p value

Female 0.26 (0.050–1.337) .1066

Age 0.98 (0.866–1.101) .6951

ECOG PS 1.27 (0.254–6.380) .7694

Habitual alcohol
consumption

1.40 (0.279–7.001) .6845

Motion sickness 0.14 (0.022–0.841) .0318

Abbreviations: CI, confidence interval; ECOG PS, Eastern Coopera-
tive Oncology Group performance status; OR, odds ratio.

Figure 1. Distribution of somnolence severity and decreased concentration for 5 days after initiation of chemotherapy in patients
with thoracic malignancy.
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These results suggest that triplet therapy of first-
generation 5-HT3 RA, DEX, and OLZ could be an effective,
low-cost, standard treatment in elderly and/or male patients
with thoracic malignancies with AUC ≥5 mg/mL per minute of
CBDCA-based combination chemotherapy. Moreover, patients
in limited-resource countries would be benefitted with this
therapy.

There were several limitations in the phase II study,
despite the valuable results obtained. First, this study had
an open-label and single-arm design. Second, the results
were obtained only in the Japanese population and, thus,
cannot be extrapolated to patients globally. Finally, patients
with thoracic malignancies were predominantly elderly,
although enrollment in the study was restricted to those
aged less than 80 years.

CONCLUSION

This study demonstrated that the administration of a low
dose of 5 mg of OLZ combined with GRN and DEX showed
promising activity with manageable safety, suggesting that
this combination appears to be a reasonable treatment
approach for patients with thoracic malignancies with AUC
≥5 mg/mL per minute of CBDCA-based combination ther-
apy. Future investigations are warranted to compare the
efficacy of 5 mg of OLZ regimen to triplet standard therapy,
which includes NK1 RA in a phase III trial.
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