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ABSTRACT

PURPOSE We evaluated the efficacy and safety of antiemetic therapy with olanzapine, a
neurokinin-1 receptor antagonist (RA), a 5-hydroxytryptamine-3 (5-HT3) RA,
and dexamethasone for preventing chemotherapy-induced nausea and vom-
iting in patients receiving carboplatin-containing chemotherapy.

PATIENTS AND
METHODS

Chemotherapy-näıve patients scheduled to receive carboplatin (AUC ≥5) were
randomly assigned to receive either olanzapine 5 mg once daily (olanzapine
group) or placebo (placebo group) in combination with aprepitant, a 5-HT3 RA,
and dexamethasone. The primary end point was the complete response (CR; no
vomiting and no rescue therapy) rate in the overall phase (0-120 hours). Sec-
ondary end points included the proportion of patients free of nausea and safety.

RESULTS In total, 355 patients (78.6% male, median age 72 years, 100% thoracic cancer),
including 175 and 180 patients in the olanzapine and placebo groups, respectively,
were evaluated. The overall CR rate was 86.9% in the olanzapine group versus
80.6% in the placebo group. The intergroup difference in the overall CR rate was
6.3% (95% CI, –1.3 to 13.9). The proportions of patients free of chemotherapy-
induced nausea in the overall (88.6% in the olanzapine group v 75.0% in the
placebo group) and delayed (89.7% v 75.6%, respectively) phases were signifi-
cantly higher in the olanzapine group than in the placebo group (both P < .001).
Somnolence was observed in 43 (24.6%) and 41 (22.9%) patients in the olan-
zapine and placebo groups, respectively, and no events were grade ≥3 in severity.

CONCLUSION The addition of olanzapine was not associated with a significant increase in the
overall CR rate. Regarding the prevention of nausea, adding olanzapine provided
better control in patients receiving carboplatin-containing chemotherapy,
which needs further exploration.

INTRODUCTION

Chemotherapy-induced nausea and vomiting (CINV) is
among the most frequent and distressing adverse events.1-4

The prevention of CINV using optimal antiemetic treatment
is important to achieve treatment success.5 Although sup-
portive care with prophylactic antiemetic drugs has im-
proved the control of emesis, CINV remains a significant
challenge in cancer supportive care.2-4,6-8

Carboplatin can induce acute and delayed emesis.2,3,6 Pre-
viously, carboplatin had been classified as a moderately

emetogenic chemotherapy (MEC) agent that necessitated
double antiemetic therapy with a 5-hydroxytryptamine-3
(5-HT3) receptor antagonist (RA) and dexamethasone.2,9,10

Currently, carboplatin is managed independently fromMEC,
and antiemetic guidelines recommend the prophylactic
administration of a neurokinin-1 (NK1) RA, a 5-HT3 RA, and
dexamethasone.4,6,11 This triple antiemetic therapy for
carboplatin-containing chemotherapy provided a 60%-
80% complete response (CR; no vomiting and no use of
rescue medication) rate in the overall phase.12-16 However,
the control of CINV, especially nausea, remains suboptimal
despite prophylactic treatmentwith these antiemetic agents.

ACCOMPANYING CONTENT

Appendix

Protocol

Accepted April 4, 2024

Published June 4, 2024

J Clin Oncol 42:2780-2789

© 2024 by American Society of

Clinical Oncology

View Online
Article

Creative Commons Attribution
Non-Commercial No Derivatives
4.0 License

2780 | Volume 42, Issue 23 | ascopubs.org/journal/jco

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 H
A

M
A

M
A

T
SU

 U
N

IV
E

R
SI

T
Y

 S
C

H
O

O
L

 O
F 

M
E

D
IC

IN
E

 o
n 

M
ar

ch
 1

6,
 2

02
5 

fr
om

 2
02

.2
53

.0
58

.1
05

C
op

yr
ig

ht
 ©

 2
02

5 
A

m
er

ic
an

 S
oc

ie
ty

 o
f 

C
lin

ic
al

 O
nc

ol
og

y.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 

https://orcid.org/0000-0002-4624-7119
https://orcid.org/0000-0002-1991-3657
https://orcid.org/0009-0000-4683-5968
https://orcid.org/0000-0003-0455-4070
https://orcid.org/0000-0001-8075-0597
https://orcid.org/0000-0003-4438-8409
https://orcid.org/0000-0002-7134-3364
https://orcid.org/0000-0001-5439-1543
https://orcid.org/0000-0001-6154-9791
https://orcid.org/0000-0002-8809-1781
https://orcid.org/0000-0002-6515-4276
https://orcid.org/0000-0003-0283-2727
https://orcid.org/0000-0002-5706-1117
https://orcid.org/0000-0003-3187-4264
https://doi.org/10.1200/JCO.24.00278
https://ascopubs.org/doi/suppl/10.1200/JCO.24.00278
http://ascopubs.org/journal/jco
http://crossmark.crossref.org/dialog/?doi=10.1200%2FJCO.24.00278&domain=pdf&date_stamp=2024-06-04


Olanzapine is an antipsychotic drug that inhibits signaling
via multiple neurotransmitter receptors.17-20 Because these
multiple receptors, particularly the dopaminergic D2,
5-HT2c, and 5-HT3 receptors, are considered to be involved
in vomiting and nausea, the effect of olanzapine on these
receptors provides a pharmacologic rationale for its use in
CINV prevention.17,18

Several studies demonstrated that adding olanzapine to
triple therapy consisting of an NK1 RA, a 5-HT3 RA, and
dexamethasone in highly emetogenic chemotherapy (HEC)
regimens improved CINV control.21 Navari et al22 conducted a
randomized phase III study of patients receiving cisplatin-
based or cyclophosphamide and anthracycline regimens, and
reported that olanzapine (10 mg) in combination with
aprepitant or fosaprepitant, a 5-HT3 RA, and dexamethasone
improved the CR rate in the acute, delayed, and overall
phases. A randomized, Japanese trial revealed that olanza-
pine 5mg improved the delayed CR rate in patients receiving
cisplatin-based chemotherapy.23 Zhao et al24 reported that
adding olanzapine improved antiemetic efficacy even in
patients receiving multiday chemotherapy. At present,
guidelines recommend a four-drug combination therapy
with olanzapine for cisplatin-based or cyclophosphamide
and anthracycline regimens.4,6,11

As observed in antiemetic therapy for HEC regimens, we
hypothesized that adding olanzapine would be useful for
patients receiving carboplatin-containing chemotherapy.
We previously conducted a pilot phase II study to evaluate
antiemetic therapy with olanzapine 5 mg, aprepitant, 5-
HT3 RA, and dexamethasone in patients who received
carboplatin.25 The overall CR rate was 93.3% (95% CI, 80.4
to 98.3). At present, triple therapy is standardized for
carboplatin-containing chemotherapy, and a placebo-
controlled comparative study between triple therapy and
olanzapine-added therapy is warranted. In this phase III

study, we examined the efficacy and safety of adding
olanzapine 5 mg once daily to triple antiemetic therapy for
CINV prevention in patients receiving carboplatin-
containing chemotherapy.

PATIENTS AND METHODS

Study Design

This multicenter, prospective, randomized, double-blind,
placebo-controlled phase III trial was conducted at 16
hospitals in Japan.

This study was conducted in accordance with the ethical
principles of the Declaration of Helsinki and Good Clinical
Practice guidelines. The study protocol was approved by the
institutional review board (approval No.: 19-120). Written
informed consent was obtained from all participants in-
cluded in this study. The trial was registered with the Uni-
versity Hospital Medical Information Network Clinical Trial
Registry (UMIN ID 000037749).

Patients

Patients with pathologically confirmed malignant solid tu-
mors who had not received previous chemotherapy and who
were scheduled to receive the first course of carboplatin-
containing chemotherapy (AUC ≥5) were eligible for inclu-
sion. Additional eligibility criteria included age 20 years and
older; adequate hematopoietic, renal, and liver functions;
and an Eastern Cooperative Oncology Group (ECOG) per-
formance status of 0-2. The exclusion criteria included
nausea and vomiting within 24 hours before chemotherapy
administration for any reason, the use of any antiemetic
agents within 48 hours before carboplatin administration,
and the use of pimozide or anticonvulsants (because of
contraindication or caution against combined use). Patients

CONTEXT

Key Objective
Can adding olanzapine to triple antiemetic therapy improve chemotherapy-induced nausea and vomiting in patients re-
ceiving carboplatin?

Knowledge Generated
The overall complete response rate was excellent, 86.9%, albeit without significance. Olanzapine significantly prevented
carboplatin-induced nausea in the delayed and overall phases.

Relevance (C. Zimmermann)
Further trials are warranted that evaluate adding a 10 mg dose of olanzapine to triple antiemetic therapy, and that assess
olanzapine in samples including non-thoracic cancers and a greater proportion of younger, female patients.*

*Relevance section written by JCO Associate Editor Camilla Zimmermann, MD, PhD, FRCPC.
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with diabetesmellitus or symptomatic brainmetastasis were
excluded. Patients who received concurrent chest and ab-
dominal radiotherapy were excluded from this study.

Randomization and Masking

Eligible patients were randomly assigned 1:1 to receive
olanzapine 5 mg once daily or matching placebo orally in
addition to triple antiemetic therapy. Registration was
performed by the investigators via an interactive entry
system. Randomization was undertaken centrally using a
computer program. Unblinded pharmacists were manda-
torily required to maintain the blinding procedures to
ensure the double blinding of the study. Regarding the
study drugs, olanzapine or maltose (placebo) was added to
the capsules to achieve effectivemasking. Patients, medical
professionals, and investigators who handled the data were
blinded to treatment assignment.

Treatment Schedule

Olanzapine or a matching placebo was administered orally
on days 1-4 after the evening meal once daily. All patients
received the guideline-directed prophylactic antiemetic
therapy and dosage, including a 5-HT3 RA on day 1, dexa-
methasone (4.95 mg intravenously) on day 1, and aprepitant
(125 mg on day 1 and 80mg on days 2-3) once daily. A 5-HT3

RA (palonosetron intravenously at a dose of 0.75 mg or
granisetron intravenously at a dose of 4mg/kg bodyweight or
orally at a dose of 2 mg) was selected according to the
discretion of the attending physician and the package insert
in Japan. When patients received paclitaxel, they received
prophylactic dexamethasone and H1 and H2 blockers
according to the package insert in Japan. Additional anti-
emetic agents and other supportive treatments were ad-
ministered at the discretion of the treating physicians. The
carboplatin dose was calculated according to the Calvert
formula. The glomerular filtration rate was estimated using
the Cockcroft-Gault formula. Bevacizumab or immune
checkpoint inhibitors were added for some eligible patients.

Assessments

Efficacy assessments during 0-120 hours in the first course
of the first chemotherapy cycle were performed during
hospitalization. Patients were asked to complete a daily
questionnaire regarding the frequency of vomiting, the
presence and severity of nausea, and appetite loss according
to a four-point Likert scale (0, none; 1, mild; 2, moderate; 3,
severe) every 24 hours. In assessing the number of emetic
events that occurred, one episode was counted as one oc-
currence. Medical staff recorded the use of additional rescue
antiemetic therapies during the study period.

Outcomes

The primary end point was the CR rate in the overall phase
(the first 120 hours after the start of chemotherapy).

Secondary end points included the CR rates in the acute (0-
24 hours) and delayed phases (24-120 hours); the proportion
of patients free of nausea (where nausea is considered a
subjective sick or queasy sensation17 and defined as a score of
0 on the basis of a four-point scale); the complete control
(CC) rate (no vomiting, no rescue therapy, and no or mild
nausea); the total control (TC) rate (no vomiting, no rescue
therapy, and no nausea); the proportions of patients without
appetite loss in the overall, acute, and delayed phases; and
safety. Adverse events were graded according to the ter-
minology and grading categories defined in the Common
Toxicity Criteria for Adverse Events, version 5.0.

Statistical Analysis

For the CR rate, no nausea rate, CC rate, TC rate, and
prevalence of appetite loss, intergroup differences were
calculated, and their 95% CIs were estimated. The primary
and secondary end points between the groups were com-
pared using Fisher’s exact test. The proportion of patients
achieving a CR, CC, or TC, and thosewith nausea and appetite
loss were analyzed every 24 hours. Subgroup analyses of the
overall CR rate were conducted to assess the efficacy of
adding olanzapine across demographic characteristics. The
overall CR rate for triple antiemetic therapy in patients re-
ceiving carboplatin-containing chemotherapy was assumed
to be 80% on the basis of the results of a phase II study.12

Because a >10% improvement upon the addition of a new
agent to standard treatment is considered clinically signif-
icant in the design of a superiority trial,26 the sample sizewas
calculated to be 354 patients to achieve 80%statistical power
with a two-sided a error of .05. The planned number of
patients for enrollment was set at 380 after considering
dropouts or withdrawals. Efficacy analyses were based on
the full analysis set, which comprised randomly assigned
patients who satisfied the eligibility criteria, received
carboplatin-containing chemotherapy, and used at least one
study drug. All data were analyzed using JMP (version 13.2)
and EZR statistical software (version 1.41). The significance
level in the two-sided test was set at 5%.

RESULTS

Patients

Between August 15, 2019, and June 30, 2023, 378 patients
with cancer were enrolled and randomly assigned to receive
olanzapine (188 patients) or placebo (190 patients; Fig 1).
After random assignment, 13 patients in the olanzapine
group and nine patients in the placebo group did not receive
chemotherapy because of protocol deviation, worsening
general condition, or consent withdrawal. Moreover, one
patient in the placebo group discontinued treatment on day 1
because of an anaphylactic reaction to an anticancer agent;
therefore, this patient was excluded from the analysis. Pa-
tient characteristics are listed in Table 1. Themedian age was
72 years (range, 38-85 years), and 279 patients (78.6%)were
male. Most patients had a good performance status, and 11
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Patients randomly assigned
(N = 378)

Excluded
  Deviated from protocol            (n = 5)
  Withdrew consent for study    (n = 5)
  Worsened general conditions (n = 3)

Received the intervention
(n = 175)

Received the intervention
(n = 180)

Randomly assigned to the olanzapine group
(n = 188)

Randomly assigned to the placebo group
(n = 190)

Excluded
  Deviated from protocol            (n = 5)
  Worsened general conditions (n = 3)
  Withdrew consent for study    (n = 1)
  Discontinued treatment           (n = 1)

Included in the final analysis
(n = 175)

Included in the final analysis
(n = 180)

FIG 1. CONSORT diagram.

TABLE 1. Patient Characteristics

Characteristic Olanzapine (n 5 175) Placebo (n 5 180)

Age, years

Median (range) 72 (38-85) 72 (49-85)

Sex, No. (%)

Male 139 (79.4) 140 (77.8)

Female 36 (20.6) 40 (22.2)

Performance status,a No. (%)

0 134 (76.6) 133 (73.9)

1 35 (20.0) 42 (23.3)

2 6 (3.4) 5 (2.8)

Cancer type, No. (%)

Lung adenocarcinoma 82 (46.9) 95 (52.8)

Squamous cell lung carcinoma 33 (18.9) 33 (18.3)

Small cell lung cancer 38 (21.7) 33 (18.3)

Othersb 22 (12.5) 19 (10.6)

Carboplatin-containing
chemotherapy regimen, No. (%)

Pemetrexed 6 bevacizumab 6 ICI 49 (28.0) 63 (35.0)

Nab-paclitaxel 6 ICI 52 (29.7) 52 (28.9)

Paclitaxel 6 ICI 33 (18.9) 26 (14.4)

S-1 0 (0.0) 1 (1.0)

Etoposide 6 ICI 41 (23.4) 38 (21.1)

5-hydroxytryptamine-3 receptor
antagonist, No. (%)

Granisetron 34 (19.4) 41 (22.8)

Palonosetron 141 (80.6) 139 (77.2)

Drinking habits, No. (%) 73 (41.7) 59 (32.8)

Abbreviation: ICI, immune checkpoint inhibitor.
aPerformance status was determined according to the Eastern Cooperative Oncology Group scale.
bOthers include large cell lung carcinoma, non–small cell lung carcinoma not otherwise specified, pleomorphic lung carcinoma, thymic carcinoma,
and pleural mesothelioma.
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patients with small cell lung carcinoma had a performance
status of 2. Baseline characteristics were generally balanced
between groups, and there were no significant differences in
terms of age, sex, stage, ECOG performance status, cancer
type, histology, and the chemotherapy regimen and 5-HT3

RA administered.

Efficacy

The overall CR rate was 86.9% (95% CI, 80.9 to 91.5) in the
olanzapine group versus 80.6% (95%CI, 74.0 to 86.1) in the
placebo group (Table 2). The intergroup difference in the
overall CR rate was 6.3% (95% CI, –1.3 to 13.9; P 5 .116;
Appendix Fig A1, online only). The delayed CR tended to be
better in the olanzapine group than in the placebo group,
albeit without significance (153 patients [87.4%] v 145
patients [80.6%], respectively; P5 .084). The proportion of
patients achieving CC in the delayed phase was significantly
higher in the olanzapine group (86.9% v 77.8%; P 5 .034;
Table 2). The TC rate was significantly higher in the
olanzapine group in the overall and delayed phases. When
analyzed at 24-hour intervals, the CC and TC rates were
higher at 48 hours after chemotherapy initiation (Table 3).

The benefit of olanzapine regarding the CR rate was observed
in almost all subgroups, albeit without significance (Appendix
Fig A2). The occurrence of nausea was evaluated using patient
questionnaires. The proportions of patients free of nausea in
the overall (88.6% v 75.0%) and delayed (89.7% v 75.6%)
phases were significantly higher in the olanzapine group
(both P < .001; Table 2). In the assessment of 24-hour in-
tervals, the proportions of patients free of nausea were higher
in the olanzapine group at all time points after the first
24hours of chemotherapy (Fig 2 andTable 3). Theproportions
of patients who reported no nausea and no appetite loss were
significantly higher in the olanzapine group on days 2-5 and
1-5, respectively (Appendix Table A1).

Safety

The prevalence of major adverse events is presented in
Table 4. Constipation, hiccups, and insomnia were observed
in ≥5% of patients in both groups. Somnolence was observed
in 43 and 41 patients in the olanzapine and placebo groups,
respectively, and no events were of grade ≥3 severity. There
were no serious and irreversible toxicities or adverse events
leading to olanzapine discontinuation.

TABLE 2. Proportion of Patients Achieving CINV Control

End Point
Olanzapine (n 5 175),

% (95% CI)
Placebo (n 5 180),

% (95% CI)
Difference,
% (95% CI) P

CR rate

Overall (0-120 hours) 86.9 (80.9 to 91.5) 80.6 (74.0 to 86.1) 6.3 (21.3 to 13.9) .116

Acute (0-24 hours) 98.9 (95.9 to 99.9) 97.8 (94.4 to 99.4) 1.1 (21.6 to 3.7) .685

Delayed (24-120 hours) 87.4 (81.6 to 92.0) 80.6 (74.0 to 86.1) 6.8 (20.7 to 14.5) .084

Complete control rate

Overall (0-120 hours) 85.1 (78.8 to 90.1) 77.8 (71.0 to 83.7) 7.3 (20.9 to 15.4) .097

Acute (0-24 hours) 98.2 (95.0 to 99.6) 97.7 (94.3 to 99.4) 0.5 (22.4 to 3.4) 1.000

Delayed (24-120 hours) 86.9 (80.8 to 91.6) 77.8 (71.0 to 83.7) 9.1 (1.1 to 17.0) .034

TC rate

Overall (0-120 hours) 83.9 (77.5 to 89.1) 74.4 (67.3 to 80.7) 9.5 (1.0 to 18.0) .034

Acute (0-24 hours) 98.2 (95.0 to 99.6) 97.2 (93.5 to 99.1) 1.0 (22.1 to 4.2) .724

Delayed (24-120 hours) 85.7 (79.5 to 90.6) 75.0 (67.9 to 81.2) 10.7 (2.4 to 19.0) .015

No nausea

Overall (0-120 hours) 88.6 (82.9 to 92.9) 75.0 (68.0 to 81.1) 13.6 (5.7 to 21.5) <.001

Acute (0-24 hours) 98.9 (95.9 to 99.9) 97.8 (94.4 to 99.4) 1.1 (21.6 to 3.7) .685

Delayed (24-120 hours) 89.7 (84.2 to 93.8) 75.6 (68.6 to 81.6) 14.2 (6.4 to 21.9) <.001

No appetite loss

Overall (0-120 hours) 42.3 (34.9 to 50.0) 22.2 (16.4 to 29.0) 20.1 (10.6 to 29.6) <.001

Acute (0-24 hours) 80.0 (73.3 to 85.7) 68.3 (61.0 to 75.1) 11.7 (2.6 to 20.7) .015

Delayed (24-120 hours) 45.7 (38.2 to 53.4) 23.3 (17.4 to 30.2) 22.4 (12.8 to 32.0) <.001

NOTE. P values were calculated using the Fisher’s exact test. CR was defined as the absence of vomiting and rescue therapy use. Complete
protection was defined as the absence of vomiting, no use of rescue therapy, and no or mild nausea. TC was defined as no vomiting, no rescue
therapy use, and no nausea. The occurrence of nausea and appetite loss was evaluated using patient questionnaires. No nausea was defined as a
score of 0 on the basis of a four-point scale.
Abbreviations: CINV, chemotherapy-induced nausea and vomiting; CR, complete response; TC, total control.
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DISCUSSION

In this study, we assessed the efficacy and safety of adding
olanzapine to standard triple antiemetic therapy with
aprepitant, a 5-HT3 RA, and dexamethasone in patients who
received carboplatin-containing chemotherapy. The CR rate
in the overall phase was excellent, and it tended to be higher
in the olanzapine group (86.9%), albeit without significance.
However, olanzapine significantly improved nausea pre-
vention in the overall and delayed phases in patients who
received carboplatin. The addition of olanzapine did not
cause any serious adverse events.

Previous studies assessed the efficacy of olanzapine in pa-
tients receiving non-HEC regimens.21 Navari et al27 added

olanzapine to palonosetron and dexamethasone in patients
receiving MEC regimens and recorded an overall CR rate of
72%.However, fewpatients received carboplatin-containing
chemotherapy. Tan et al28 assessed the efficacy of adding
olanzapine to a 5-HT3 RA and dexamethasone, but the ef-
fectiveness of olanzapine for carboplatin regimens was not
determined. In several phase II studies, the efficacy of adding
olanzapine to triple antiemetic therapy was evaluated. We
found that olanzapine provided excellent CINV control in
patients receiving carboplatin.25 The overall CR rate was
93.3%. Strikingly, the TC rate in the overall phase was 81.8%,
and nausea was markedly decreased. Regarding oxaliplatin,
adding olanzapine to triple therapy resulted in a CR rate of
86.1%.29 Iihara et al30 reported a CR rate of 78.9% in the
overall phase when assessing the efficacy of adding

TABLE 3. Proportion of Patients Achieving CINV Control in 24-Hour Intervals

End Point Olanzapine (n 5 175) Placebo (n 5 180) Difference P

CR rate

0-24 hours 98.9 (95.9 to 99.9) 97.8 (94.4 to 99.4) 1.1 (21.6 to 3.7) .685

24-48 hours 97.7 (94.3 to 99.4) 95.0 (90.7 to 97.7) 2.7 (21.2 to 6.6) .258

48-72 hours 94.3 (89.7 to 97.2) 88.9 (83.4 to 93.1) 5.4 (20.3 to 11.1) .086

72-96 hours 94.9 (90.5 to 97.6) 86.1 (80.2 to 90.8) 8.8 (2.7 to 14.8) .006

96-120 hours 92.6 (87.6 to 96.0) 87.2 (81.4 to 91.7) 5.4 (20.9 to 11.6) .114

Complete control rate

0-24 hours 98.2 (95.0 to 99.6) 97.7 (94.3 to 99.4) 0.5 (22.4 to 3.4) 1.000

24-48 hours 97.6 (94.1 to 99.4) 94.3 (89.8 to 97.2) 3.3 (20.8 to 7.4) .172

48-72 hours 93.5 (88.7 to 96.7) 84.3 (78.1 to 89.3) 9.2 (2.8 to 15.8) .007

72-96 hours 92.4 (87.4 to 95.9) 84.8 (78.7 to 89.8) 7.6 (1.0 to 14.2) .029

96-120 hours 91.8 (86.6 to 95.4) 84.8 (78.7 to 89.8) 7.0 (0.2 to 13.6) .048

TC rate

0-24 hours 98.2 (95.0 to 99.6) 97.2 (93.5 to 99.1) 1.0 (22.1 to 4.2) .724

24-48 hours 96.5 (92.6 to 98.7) 91.5 (86.4 to 95.2) 5.0 (20.2 to 10.0) .070

48-72 hours 93.1 (88.2 to 96.4) 80.4 (73.9 to 86.0) 12.7 (5.7 to 19.6) <.001

72-96 hours 91.4 (86.2 to 95.1) 81.6 (75.1 to 87.0) 9.8 (2.8 to 16.9) .005

96-120 hours 90.2 (84.7 to 94.2) 80.6 (74.0 to 86.1) 9.6 (2.3 to 16.9) .016

No nausea

0-24 hours 98.9 (95.9 to 99.9) 97.8 (94.4 to 99.4) 1.1 (21.6 to 3.7) .335

24-48 hours 98.3 (95.0 to 99.6) 91.0 (85.8 to 94.8) 7.3 (2.6 to 11.9) .015

48-72 hours 95.4 (91.1 to 98.0) 80.6 (74.0 to 86.1) 14.8 (8.2 to 21.4) <.001

72-96 hours 93.1 (88.3 to 96.4) 82.7 (76.3 to 87.9) 10.4 (3.7 to 17.1) .009

96-120 hours 91.9 (86.8 to 95.5) 81.7 (75.2 to 87.0) 10.2 (3.3 to 17.2) .008

No appetite loss

0-24 hours 80.0 (73.3 to 85.7) 68.3 (61.0 to 75.1) 11.7 (2.6 to 20.7) .034

24-48 hours 79.9 (73.2 to 85.6) 58.3 (50.8 to 65.6) 21.6 (12.2 to 30.9) <.001

48-72 hours 70.3 (62.9 to 76.9) 39.7 (32.4 to 47.2) 30.6 (20.8 to 40.5) <.001

72-96 hours 56.0 (48.3 to 63.5) 33.5 (26.7 to 40.9) 22.5 (12.4 to 32.6) <.001

96-120 hours 56.3 (48.6 to 63.8) 33.0 (26.1 to 40.4) 23.3 (13.3 to 33.4) <.001

NOTE. P values were calculated using the Fisher’s exact test. CR was defined as the absence of vomiting and rescue therapy use. Complete
protection was defined as the absence of vomiting, no use of rescue therapy, and no or mild nausea. TC was defined as no vomiting, no rescue
therapy use, and no nausea. The occurrence of nausea and appetite loss was evaluated using patient questionnaires. No nausea was defined as a
score of 0 on the basis of a four-point scale.
Abbreviations: CINV, chemotherapy-induced nausea and vomiting; CR, complete response; TC, total control.
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olanzapine in patients receiving carboplatin for gynecologic
cancer. Sakai et al31 reported a CR rate of 94.0% in patients
with thoracicmalignancies, in line with our study of patients
with lung cancer. Olanzapine can provide good CINV control,
but these were single-arm pilot studies. An et al32 performed
a randomized controlled trial of patients receiving
carboplatin-containing chemotherapy. However, they
assessed the efficacy of adding olanzapine to double therapy
with dexamethasone and a 5-HT3 RA, which is not the
standard antiemetic therapy for carboplatin.

In this trial, we assessed the CR rate, which is used as the
primary end point in most clinical trials assessing antiemetic
therapy, as well as nausea prevention. The overall CR rate in

the olanzapine groupwas 86.9%,whichwas excellent, but the
difference between the groups did not reach clinical relevance.
Several reasons might explain this finding. First, antiemetic
control in carboplatin regimens is already reasonable with
triple antiemetic therapy. In our previous trial assessing
adding aprepitant to a 5-HT3 RA and dexamethasone, the
overall CR rate was 80.3%,12 consistent with that in the pla-
cebo group in this trial. Although we expected that adding
olanzapine would increase the CR rate in patients receiving
carboplatin, itmight have beendifficult to increase theCR rate
by >10% because of the already high control rate of the triple
antiemetic therapy. Conversely, the CR rate in the placebo
group was approximately 60% in patients receiving HEC
regimens, indicating room for improvement.22-24 Second,
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FIG 2. Time course of proportions of patients free of nausea.

TABLE 4. Treatment-Related Adverse Events

Adverse Event

Olanzapine (n 5 175), No. (%) Placebo (n 5 180), No. (%)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4

Hematologic toxicity

Leukopenia 17 (9.7) 36 (20.6) 40 (22.9) 16 (9.1) 11 (6.1) 32 (17.9) 49 (27.4) 12 (6.7)

Neutropenia 15 (8.6) 20 (11.4) 31 (17.7) 42 (24.0) 12 (6.7) 23 (12.8) 37 (20.7) 33 (18.4)

Anemia 81 (46.3) 23 (13.1) 8 (4.6) 1 (5.7) 77 (43.0) 31 (17.3) 9 (5.0) 0

Thrombocytopenia 26 (14.9) 9 (5.1) 9 (5.1) 4 (2.3) 36 (20.1) 11 (6.1) 15 (8.4) 3 (1.7)

Nonhematologic toxicity

Hepatotoxicity 71 (40.6) 16 (9.1) 9 (5.1) 0 74 (41.3) 16 (8.9) 8 (4.5) 0

Nephrotoxicity 19 (10.9) 5 (2.9) 1 (0.6) 0 25 (14.0) 6 (3.4) 0 0

Constipation 54 (30.9) 23 (13.1) 0 0 61 (34.1) 18 (10.1) 0 0

Hiccup 8 (4.6) 3 (1.7) 0 0 13 (7.3) 6 (3.4) 0 0

Somnolence 40 (22.9) 3 (1.7) 0 0 36 (20.1) 5 (2.8) 0 0

Insomnia 27 (15.4) 0 0 0 27 (15.1) 10 (5.6) 0 0
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most patients received palonosetron in this study. Compared
with palonosetron which has a longer half-life, greater
binding affinity, and superior antiemetic control in patients
receiving HEC regimens,33 the addition of olanzapine had a
greater effect in patients treated with the first-generation 5-
HT3 RA granisetron (the intergroup difference in the overall
CR ratewas 14.1%; Appendix FigA2). Third,we did not exclude
paclitaxel-containing regimens, whose package insert
highlights the need for prophylactic dexamethasone, because
wewanted to confirmthe implications of addingolanzapine in
a real-world setting. When patients who received paclitaxel-
containing regimens were excluded, the addition of olanza-
pine tended to yield favorable antiemetic control (the inter-
group difference in the overall CR rate was 7.3%). Fourth, we
targeted patients with malignancy without limiting the pri-
mary site of disease, but all study participants had thoracic
tumors. This study included more male and older patients,
who are considered less likely to have CINV, than female and
younger patients,2,3 which might have weakened the effect of
adding olanzapine. Indeed, subgroup analysis demonstrated
that adding olanzapine had a favorable CR in female patients
and patients younger than 70 years.

Importantly, olanzapine decreased nausea in both overall and
delayed phases. In addition, olanzapine increased the TC rate,
which strongly reflects the control of nausea. Chemotherapy-
induced nausea is a subjective symptom with an etiology
independent of chemotherapy-induced vomiting.1-3,34 In a
prospective observational study of 1,910 patients with cancer,
up to 50% of the patients experienced nausea even with
prophylactic antiemetic therapy, which reduced the rate of
vomiting to 16%.35 In a cohort of patients treated with car-
boplatin, the rate of no vomiting was 81.3%, but that of no
nausea was only 55.6%.36 Control of nausea is difficult despite
the use of triple antiemetic therapy, and this represents an
unmet and crucial goal in CINV control.1-3,7,8,35 In a phase III
trial, Navari et al22 found that olanzapine prevented nausea in
patients treated with cisplatin or cyclophosphamide-
doxorubicin. Their study differed from our trial in several
points. In their study, 35% of patients received cisplatin and
65% received cyclophosphamide-doxorubicin. In addition,

themain site of primary diseasewas the breast. The overall CR
rate in the placebo arm was 40.6%, which was much lower
than that in our trial targeting patients who received carbo-
platin. In this trial, adding olanzapine to triple therapy sig-
nificantly reduced the onset of nausea in patients receiving
carboplatin. Although the primary end point was not met in
this study, we found the addition of olanzapine was a valuable
option for nausea prevention, a challenge that remains, even
in patients receiving carboplatin-containing chemotherapy.

Somnolence is a significant problem that requires attention.
Patients who received 10 mg of olanzapine once daily more
commonly experienced drowsiness, particularly on day 2.22

Hashimoto et al23 used olanzapine 5 mg administered after
the evening meal. The incidence of daytime sleepiness and
the degree of associated difficulty experienced in daily life
did not differ between the olanzapine and placebo arms. The
incidence of somnolence was 24.6%, and no patient had
grade≥3 somnolence in this study. The time to themaximum
concentration of olanzapine is 4.8 hours, and administration
after an evening meal might cause olanzapine levels to peak
during sleep.

This study had several limitations. First, we used 5 mg
olanzapine once daily to limit adverse events. There is a
possibility that a higher dose of olanzapine, such as 10 mg
once daily, might improve CINV control further. Second, all
patients in this study had thoracic cancer. Olanzapine might
have greater benefits in patients with other cancers such as
gynecologic cancer.

In conclusion, the addition of olanzapine 5 mg once daily to
standard triple therapy with aprepitant, a 5-HT3 RA, and
dexamethasone did not significantly improve the CR rate in
patients receiving carboplatin-containing chemotherapy.
However, the addition of olanzapine improved the control of
nausea in patients treated with carboplatin, and this might
represent an effective and feasible prophylactic strategy for
nausea. Further comparative studies are warranted to de-
termine the benefits of this strategy.
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APPENDIX

TABLE A1. Severity of Nausea and Appetite Loss in 24-Hour Intervals

End Point

Olanzapine, % Placebo, %

PNone Mild Moderate Severe None Mild Moderate Severe

Nausea

0-24 hours 98.9 0.0 0.0 1.1 97.8 1.7 0.0 0.5 .335

24-48 hours 98.3 1.1 0.0 0.6 91.0 5.1 1.7 2.2 .015

48-72 hours 95.4 1.7 2.3 0.6 80.6 9.4 6.1 3.9 <.001

72-96 hours 93.1 1.7 3.5 1.7 82.7 8.4 6.7 2.2 .009

96-120 hours 91.9 5.2 0.6 2.3 81.7 8.9 6.1 3.3 .008

Appetite loss

0-24 hours 80.0 17.7 2.3 0.0 68.3 28.9 2.2 0.6 .034

24-48 hours 79.9 15.5 4.6 0.0 58.3 35.0 5.0 1.7 <.001

48-72 hours 70.3 20.0 7.4 2.3 39.7 39.7 15.6 5.0 <.001

72-96 hours 56.0 33.7 7.4 2.9 33.5 36.9 25.7 3.9 <.001

96-120 hours 56.4 31.0 8.0 4.6 33.0 41.3 17.9 7.8 <.001

NOTE. The occurrence and severity of nausea and appetite loss were evaluated using patient questionnaires.

CR (overall)

CR (acute)

CR (delayed)

CC (overall)

CC (acute)

CC (delayed)

TC (overall)

TC (acute)

TC (delayed)

No Nausea (overall)

No Nausea (acute)

No Nausea (delayed)

No Appetite (overall)

No Appetite (acute)

No Appetite (delayed)

5 10 15 20 25 30-10 -5 0

Risk Difference, % (95%CI)

FIG A1. Risk difference between the olanzapine and placebo groups. The solid line indicates a risk
difference of 0. The right region of the solid line corresponds to values in favor of olanzapine. Acute,
acute phase (0-24 hours); CC, complete control; CR, complete response; Delayed, delayed phase
(24-120 hours); Overall, overall phase (0-120 hours); TC, total control.
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Subgroup Olanzapine Placebo Risk Difference

% 95%CI

Overall 6.3 (−1.3 to 13.9)

Age, years
<70 10.7 (−3.0 to 24.5)

�70 4.2 (−5.0 to 13.4)
Sex

Male 5.6 (−3.1 to 14.3)

Female 8.9 (−7.2 to 25.0)
Performance status

0 6.1 (−2.3 to 14.5)

1-2 8.5 (−8.5 to 25.4)
Chemotherapy

Pemetrexed 10.2 (−5.4 to 25.8)

Paclitaxel −1.4 (−15.6 to 12.8)
Nanoparticle albumin-bound paclitaxel 3.9 (−9.3 to 16.9)

Etoposide 6.2 (−9.7 to 22.1)
5-hydroxyptamine receptor antagonist

Granisetron 14.1 (−5.1 to 33.2)

Palonosetron 3.7 (−4.3 to 11.9)
Drinking habits

Yes 2.6 (−8.7 to 13.9)

No

CR Total

152 175

51 58

101 117

120 139

32 36

119 134

34 41

40 49

30 33
46 52
36 41

28 34

124 141

65 73

85 102

CR Total

145 180

44 57

101 123

113 140

32 40

110 133

35 47

45 63

24 26
44 52
31 38

28 41

117 139

51 59

94 121 5.7 (−4.7 to 16.0)

Favor
Placebo

Favor
Olanzapine

-20 -10 0 10 20 30

FIG A2. Subgroup analysis of the CR rate in the overall phase. Performance statuswas determined according to the Eastern Cooperative
Oncology Group scale. The different sizes of the boxes represent the number of patients. CR, complete response; Overall, overall phase
(0-120 hours).
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