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Summary
Background Evidence supports prophylactic use of olanzapine for the treatment of chemotherapy-induced nausea and
vomiting (CINV). However, most studies to date have focused on patients with single-day highly emetogenic
chemotherapy (HEC). Currently, administration of antiemetic therapies for nausea and vomiting induced by
multiday chemotherapy regimens remains a challenge. In this study, we evaluated the efficacy of olanzapine
combined with triple antiemetic therapy for the prevention of CINV in patients receiving multiday chemotherapy.

Methods We performed a randomized, double-blind, placebo-controlled phase 3 trial in 22 hospitals. Eligible patients
were between 18 and 75 years old, were diagnosed with malignant solid tumors, and they had an Eastern Cooperative
Oncology Group (ECOG) performance status of 0–2. All the study participants were scheduled to be treated with
chemotherapy regimens containing 3-day cisplatin (3-day total dose ≥75 mg/m2). Randomization was computer
generated and stratified by gender and chemotherapy treatment history. Allocation was done via an interactive
web response system. Enrolled patients were randomly assigned 1:1 to receive either 5 mg olanzapine or placebo
orally before bedtime for 5 days combined with intravenous fosaprepitant (150 mg) 1 h before the administration
of cisplatin on day 1, ondansetron hydrochloride intravenously, and dexamethasone orally 30 min before cisplatin
from days 1 to 3. Dexamethasone was also administered at the same time on days 4 and 5. The primary endpoint
was the proportion of subjects with complete response (no vomiting and no rescue therapy) within the overall
phase (days 1–8) after starting chemotherapy. Baseline plasma concentrations of P-substance and 5-HT were
measured for exploratory analysis. This study was registered at ClinicalTrials.gov, number NCT04536558.

Findings Between December 2020 and September 2021, 349 patients with malignant solid tumors were enrolled in
the study, with 175 participants randomly assigned to receive olanzapine and 174 participants assigned to receive
placebo. The proportion of patients who achieved a complete response in the overall phase was significantly higher in
the olanzapine group than in the placebo group (69% vs. 58%, P = 0.031). A complete response benefit was observed
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in the olanzapine group versus the placebo group in almost all the subgroups. Four factors were considered
significantly associated with complete response in multivariable analysis: treatment group, gender, baseline plasma
concentration of 5-HT, and prior radiotherapy. All the reported adverse events associated with olanzapine
administration were grades 1 and 2.

Interpretation Olanzapine (5 mg) combined with fosaprepitant, ondansetron, and dexamethasone was better than
triple antiemetic therapy alone for patients receiving multiday chemotherapy regimens. Based on these results, the
four-drug combination should be recommended as the best antiemetic regimen given to patients receiving multiday
cisplatin-based chemotherapy and baseline plasma concentration of 5-HT may be used to identify individuals who are
prone to CINV. However, all these findings need to be further validated in future studies.

Funding Jiangsu Hansoh Pharmaceutical Group Co., Ltd. provided research grant and study drugs for this
investigator-initiated study.

Copyright © 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We searched PubMed on June 1, 2022, using the terms
“Chemotherapy-induced nausea and vomiting”, “CINV”,
“multiday chemotherapy”, “multiple-day chemotherapy”,
“highly emetogenic chemotherapy”, “HEC” and “olanzapine”,
selecting relevant clinical trials published in English between
January 1, 2010 and June 1, 2022. For antiemetic prophylaxis
of multiday HEC, current guidelines recommend a three-drug
regimen (NK1 receptor antagonist, 5-HT3 receptor
antagonist, and dexamethasone) based on a small phase 3
randomized clinical trial, several single-arm, non-randomized
studies, and data from a meta-analysis. Moreover, it is unclear
whether olanzapine can further improve the antiemetic
effects of the three-drug regimen currently prescribed to
patients receiving multiday HEC.

Added value of this study
To our knowledge, this study is the first randomized, double-
blind, placebo-controlled, phase 3 trial investigating the

efficacy and safety of preventive olanzapine combined with
triple antiemetic therapy for multiday cisplatin-based
chemotherapy in patients with solid tumors. Our results
showed the proportion of patients who achieved a complete
response in the overall phase was significantly higher in the
olanzapine group than in the placebo group. The no nausea
rate was also significantly improved in the olanzapine group
during the overall phase.

Implications of all the available evidence
The study suggested that olanzapine in combination with
fosaprepitant, ondansetron, and dexamethasone was better
than the use of triple antiemetic therapy alone in preventing
CINV in patients receiving multiday cisplatin-based
chemotherapy. Based on the result obtained here, the four-
drug treatment strategy should be recommended as the best
antiemetic regimen for multiday cisplatin-treated patients
with solid tumors.
Introduction
Multiday chemotherapy remains the mainstay treatment
strategy for many cancers.1–3 Compared to single-day
cisplatin treatment, multiday cisplatin treatment can
provide comparable efficacy with less toxicity and can
avoid the need for time-consuming hydration proced-
ures.4 Currently, multiday cisplatin treatment is widely
used in patients with germ cell tumors,5,6 small cell lung
cancer (SCLC),7,8 and other solid tumors.3,4,9,10

Chemotherapy-induced nausea and vomiting (CINV)
is a common and distressing toxicity associated with
cancer chemotherapy that deteriorates patients’ quality
of life (QOL), impairs medication compliance, and
decreases the efficacy of therapy.11 Over the past few
decades, compelling advances have been achieved for
the treatment of CINV. However, antiemetic therapy for
nausea and vomiting caused by multiday chemotherapy
regimens remains a challenge owing to continuous daily
emetic stimuli, especially since the onset of acute and
delayed CINV may overlap after the initial day of
chemotherapy through to the last day of treatment.12,13

Ultimately, it is often difficult to determine an appro-
priate antiemetic regimen for affected patients.

Recently, two randomized phase 3 studies confirmed
the benefits of olanzapine in the prevention of CINV.14,15

The four-drug combination of a neurokinin 1 (NK1)
www.thelancet.com Vol 55 January, 2023
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receptor antagonist, a serotonin (5-HT3) receptor
antagonist, dexamethasone, and olanzapine is currently
recommended for adult patients treated with highly
emetogenic chemotherapy (HEC) per the American
Society of Clinical Oncology (ASCO) antiemetic guide-
lines.16 The National Comprehensive Cancer Network
(NCCN) and the Multinational Association of Support-
ive Care in Cancer (MASCC)/the European Society for
Medical Oncology (ESMO) also recommend the four-
drug regimen as a treatment option for HEC pa-
tients.17,18 However, these guidelines mostly refer to
patients with solid tumors receiving single-day HEC.
Prophylaxis of CINV associated with multiday chemo-
therapy is relatively under-represented in the literature.
Current guidelines recommend a three-drug regimen
(NK1 receptor antagonist, 5-HT3 receptor antagonist,
and dexamethasone) for antiemetic prophylaxis of
multiday HEC, which is based on a small phase 3 ran-
domized clinical trial, several single-arm, non-random-
ized studies, and data from a meta-analysis.18–23

Moreover, it is unclear whether olanzapine can further
improve the antiemetic effects of the three-drug
regimen currently prescribed to patients receiving
multiday HEC.

This randomized, double-blind, placebo-controlled,
phase 3 trial was conducted to determine whether the
addition of olanzapine to current triple antiemetic
therapy regimens (fosaprepitant, ondansetron, and
dexamethasone) could better prevent CINV in patients
receiving multiday cisplatin-based chemotherapy.
Methods
Study design and patients
This multi-center, randomized, double-blind, placebo-
controlled, phase 3 trial was performed in 22 hospitals
in China between December 2020 and September 2021
after approval of each site’s institutional review board.

The study included patients with malignant solid
tumors who were scheduled to be treated with chemo-
therapy regimens containing 3-day cisplatin (3-day total
dose ≥75 mg/m2). Additionally, eligible patients had to
be between 18 and 75 years old, have an Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus of 0–2, a life expectancy ≥3 months, and be able to
read, understand, and complete study questionnaires
and diaries, including a visual analog scale (VAS).

Patients were excluded for any one of the following
criteria: the presence of cognitive impairment (e.g., de-
mentia or severe learning difficulties), were taking illicit
drugs including medicinal marijuana or with a long-
time problematic pattern of alcohol use leading to clin-
ically significant cognitive impairment, were scheduled
to receive stem cell therapy during the cisplatin-based
chemotherapy, planned to be treated with a chemo-
therapy regimen including standard paclitaxel (using
castor oil as the solvent) requiring pretreatment with
www.thelancet.com Vol 55 January, 2023
more than 6 mg of dexamethasone or moderately to
highly emetogenic chemotherapeutic drugs within 6
days before or after cisplatin infusion. Patients were also
excluded due to abnormal laboratory parameter
values including an absolute neutrophil count
(ANC) <1.5 × 109, a white blood cell count <3 × 109/L, a
platelet count <100 × 109/L, AST level (aspartate
aminotransferase) >2.5 × upper limit of normal, ALT
level (alanine aminotransferase) >2.5 × upper limit of
normal, bilirubin >1.5 × upper limit of normal, or
creatinine >1.5 × upper limit of normal. The full inclu-
sion and exclusion criteria can be found in the protocol
(Supplemental Material p10)

The study protocol was approved by the ethics com-
mittee of Sun Yat-sen University Cancer Center
(approved number: B2020-250-01) and each partici-
pating institution. The trial was performed in accor-
dance with the Good Clinical Practice (GCP) guidelines.
All of the patients provided written informed consent
before treatment initiation.
Randomization and masking
Enrolled patients were randomly assigned 1:1 to receive
either 5 mg olanzapine or matching placebo orally in
combination with fosaprepitant, ondansetron, and
dexamethasone based on a computer-generated
randomization sequence using Proc Plan procedure of
SAS software (version 9.4.). Randomization was
balanced by using randomly permuted blocks with size
of four and was stratified according to gender and pre-
vious chemotherapy history. Allocation was done via an
interactive web-response system (IWRS). An investi-
gator at each hospital site registered patients via the
IWRS and assigned them to a treatment group.

All of the patients, investigators and medical
personnel involved in the study were masked to group
allocation. An olanzapine simulation agent was used as
a placebo. Olanzapine and the matching placebo (pro-
vided by Jiangsu Hansoh Pharmaceutical Group Co.,
Ltd.) were identical in packaging and appearance to
preserve the masking.
Procedures
Patients received either olanzapine (5 mg) or placebo
orally before bedtime from days 1 to 5. All of the pa-
tients received fosaprepitant (150 mg) intravenously
approximately 1 h before cisplatin treatment on day 1,
and ondansetron hydrochloride (8 mg) intravenously
and dexamethasone (6 mg) orally 30 min before
cisplatin administration on days 1–3. Dexamethasone
(6 mg) was also administered at the same time on days 4
and 5 (Supplemental Table S1).

Assessments of treatment efficacy, tolerability, and
safety variables were performed after the start of
chemotherapy. Episodes of nausea and vomiting or
3
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rescue therapy were recorded in a patient diary on days
1–8. The degree of nausea was evaluated daily using the
VAS scale for nausea. Safety evaluations including
recording and assessing all vital signs (temperature,
respiration, heart rate, and blood pressure), performing
physical examinations, tracking adverse events, serious
adverse events, electrocardiogram (ECG) results, and
laboratory tests (hematology, blood chemistry, and uri-
nalysis) were done on day 1 and during the follow-up
visits (on day 9 and day 21 ± 5 days) according to the
protocol (Supplemental Material p9)

Blood samples were collected to detect baseline
plasma concentrations of substance P and 5-HT before
treatment with the consent of the patients. Blood sam-
ples were managed with Watson LIMS software
(Thermo Fisher Scientific, Version 7.6, Thermo Fisher,
USA) and stored at ≤−65 ◦C until assayed. Liquid
chromatography-tandem mass spectrometry (LC-MS/
MS) used to detect plasma concentrations of 5-HT, and
Analyst software (Version 1.7.1, SCIEX, USA) used for
data acquisition. Watson LIMS was used to calculate and
summarize standard curves, quality controls (QC), and
sample concentration data. The levels of circulating
substance P were measured with commercially available
enzyme-linked immunosorbent assay (ELISA) kits
(Shanghai Enzyme-linked Biotechnology Co., Ltd.)
following the manufacturers’ protocols. Samples were
assayed in triplicate, and the mean value was used as the
final concentration.
Outcomes
The primary endpoint of the study was the proportion of
subjects with complete response (no vomiting and no
rescue therapy administered) within the overall phase
(days 1–8) after starting chemotherapy. Secondary end-
points included: 1) complete response rate in the acute
phase (days 1–3) and delayed phase (days 4–8); 2) no
significant nausea (maximum of nausea VAS <25 mm),
no nausea (maximum of nausea VAS <5 mm),24,25 and
complete control rate (no vomiting, no rescue therapy
and no slight nausea) in acute phase, delayed phase and
overall phase; 3) time to treatment failure (based on
time to onset of first vomiting experience or time to
rescue therapy, whichever occurred first); 4) proportion
of subjects receiving rescue therapy; 5) change of
Functional Living Index-Emesis (FLIE) scores and
Hospital Anxiety and Depression Scale (HAD) scores
before and after treatment; and 6) subgroup analysis and
risk factors of complete response in patients with
baseline plasma concentrations of substance P and 5-
HT.
Statistical analysis
All of the statistical analyses were performed in the
safety set (SS; all of the patients who received at least
one dose of study treatment), the full analysis set (FAS;
all of the SS patients who had ≥1 efficacy assessment),
and the per protocol set (PPS; all of the FAS patients
who had no protocol violations that directly affected the
primary endpoint). The two-sided test was used for all
statistical tests, the P-value of less than 0.05 was
considered statistically significant for the tested differ-
ence. A superiority test was used to assess efficacy and
sample size was estimated based on the primary
endpoint. Assuming the complete response rate during
the overall observation phase (days 1–8) was 65% and
80% in the placebo group and the olanzapine group
respectively,26 a significance level of 5% in a two-sided
test, and a detection power of 85%, the sample size
was calculated to be 352 patients (176 per group, given
the actual possible dropout calculated as 10%).

We performed chi-square tests to compare the pro-
portion of patients with complete response between
treatment groups in the overall phase, and to determine
the inter-group differences of several secondary end-
points: complete response in acute phase and delayed
phase, no significant nausea, no nausea, complete con-
trol rate in the acute phase, delayed phase, and the
overall phase. The 95% confidence intervals (CIs) were
calculated for the proportion of patients achieving a
complete response and its inter-group differences using
the Wald test. To analyze the variance of other secondary
endpoints, a t-test, non-parametric test, or chi-square
test was used depending on the dataset. Subgroup an-
alyses of the primary endpoint were conducted to assess
the homogeneity of the treatment effect across key de-
mographic and baseline characteristics. Logistic regres-
sion models were used to assess the impact of risk
factors on complete response rates.

All of the analyses were conducted using SAS soft-
ware (version 9.4.).

This trial is registered with ClinicalTrials.gov,
NCT04536558.
Role of the funding source
The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of this paper. The corresponding author has full
access to all of the data in the study and is responsible
for the decision to submit the paper for publication.
Results
Between December 2020 and September 2021, 349 pa-
tients with malignant solid tumors were enrolled in the
study, with 175 randomly assigned to receive olanzapine
and 174 assigned to receive placebo. Three hundred and
forty-nine patients were included in the SS and FAS,
and 331 patients in the PPS (Fig. 1). Demographic and
clinical characteristics are presented in Table 1 for the
FAS. No obvious differences in the baseline
www.thelancet.com Vol 55 January, 2023
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demographic or medical characteristics were observed
between the olanzapine and placebo groups (Table 1).
Efficacy
In olanzapine group, 157 patients had complete diary
(d1–8) and 18 had partial diary information; in placebo
group, 158 patients had complete diary (d1–8) and 16
had partial diary information. Patients with missing data
of primary endpoint were imputed as without complete
response. For primary endpoints, the proportion of pa-
tients who achieved a complete response in the overall
phase was significantly higher in the olanzapine group
than in the placebo group 69% (121/175) vs. 58% (101/
174), the between-group difference was 11% (95% CI,
0.67–21.20), P = 0.031 (Table 2 and Supplemental
Table S2). In the PPS, a higher complete response rate
was also observed in the olanzapine group
(Supplemental Table S2). In sum, data from this study
met the predefined primary endpoint.

For secondary endpoints, the complete response rate
was also significantly increased in patients receiving
olanzapine during the delayed phase (76% vs. 64%,
P = 0.025). More patients in the olanzapine group had
no nausea compared to those in the placebo group in the
overall phase (72% vs. 60%, P = 0.021) and the delayed
phase (73% vs. 61%, P = 0.020). However, in the acute
phase, the proportion of patients with a complete
response (86% vs. 82% P = 0.40) and no nausea (86% vs.
79% P = 0.097) was not significantly different between
Fig. 1: Study flow chart. aFull analysis set (FAS) comprised all the SS patien
all the FAS patients who had no protocol violations that directly affected
received at least one dose of study treatment.

www.thelancet.com Vol 55 January, 2023
the two groups (Table 2). Changes in the proportion of
patients achieving a complete response and no nausea
(every 24 h) are presented in Fig. 2. Backed with a sta-
tistical test, we found that the olanzapine group
demonstrated an improved complete response on day 4
(88% vs. 79%, P = 0.028) and day 5 (88% vs. 79%,
P = 0.028) compared to the placebo group (Fig. 2A).
Further, the no nausea rate was higher from days 4 to 7
in the olanzapine group (Day 4, 82% vs. 70%, P = 0.020;
Day 5, 83% vs. 69%, P = 0.0036; Day 6, 80% vs. 67%,
P = 0.0076; Day 7, 82% vs. 72%, P = 0.033, Fig. 2B).

Regarding other secondary endpoints, we did not
observe any significant differences in the incidence rate
of no significant nausea or complete control between the
olanzapine and placebo groups (Supplemental
Table S3). The proportion of subjects receiving rescue
therapy (5% vs. 8%), median time to treatment failure
(62.8 h vs. 64.2 h), and changes in FLIE and HAD scores
were also similar between both groups.
Subgroup analysis
Baseline blood samples from 274 patients (140 samples
from the olanzapine group and 134 samples from the
placebo group) were collected and used for testing
plasma concentrations of substance P and 5-HT. Base-
line clinical characteristics including age, gender, ECOG
PS, cancer type, and prior treatment were well balanced
between these 274 patients and similar to the FAS
(Supplemental Table S4). Based on these results, we
ts who had ≥1 efficacy assessment; bPer protocol set (PPS) comprised
the primary endpoint; cSafety set (SS) comprised all the patients who

5
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Variable Olanzapine group (n = 175) Placebo group (n = 174)

Age, years

Median (range) 60 (20–73) 58 (20–77)

＜65 117 (67%) 127 (73%)

≥65 58 (33%) 47 (27%)

Gender

Male 137 (78%) 134 (77%)

Female 38 (22%) 40 (23%)

ECOG PS

0 56 (32%) 58 (33%)

1 117 (67%) 109 (63%)

2 2 (1%) 6 (3%)

Unknown 0 1 (1%)

Cancer type

Lung 126 (72%) 126 (72%)

Head and neck 24 (14%) 21 (12%)

Other 25 (14%) 27 (16%)

Prior chemotherapy

Yes 38 (22%) 38 (22%)

No 137 (78%) 136 (78%)

Prior radiotherapy

Yes 14 (8%) 22 (13%)

No 161 (92%) 152 (87%)

Prior antiemetic therapy

Yes 13 (7%) 14 (8%)

No 162 (93%) 160 (92%)

Data are expressed as the median (inter-quartile range) or number (%). Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; FAS, full analysis
set.

Table 1: Baseline characteristics (FAS).

Articles

6

assumed that the exploratory analysis of the 274-patient
cohort could represent the FAS in this study.

Complete response and no nausea benefit were
observed in the olanzapine group versus the placebo
group in almost all of the subgroups (Fig. 2C and
Supplemental Figure S1). We investigated the relation-
ship between plasma 5-HT and substance P and
explored the effect of plasma concentrations of these
proteins on complete response. The mean plasma con-
centrations of substance P and 5-HT were 46 ± 32 pg/
mL and 110 ± 119 ng/mL, respectively. There was no
correlation observed between plasma concentrations of
substance P and 5-HT (R2 = 0.042, P = 0.2861;
Supplemental Figure S2). A receiver operator charac-
teristic (ROC) curve was used to determine the best
cutoff value of substance P and 5-HT according to the
primary endpoint (complete response during the overall
phase). The cutoff value of substance P and 5-HT were
48.7 pg/mL and 98.8 ng/mL respectively and patients
were divided into different subgroup according to base
line concentrations of substance P and 5-HT. Subgroup
analysis demonstrated that patients with high or low
baseline concentrations of substance P and 5-HT could
benefit from the olanzapine-containing treatment
regimen (Fig. 2C and Supplemental Figure S1).
Risk factors associated with our primary endpoint
complete response in the overall phase were also
investigated. In addition to the clinical related factors,
baseline plasma concentrations of 5-HT and substance
P were included in logistic regression analysis. In uni-
variate analyses, five factors were significantly associated
with complete response: treatment group, gender, age,
baseline plasma concentration of 5-HT, and prior
radiotherapy. Based on multivariable analysis, treatment
group, gender, baseline plasma concentration of 5-HT,
and prior radiotherapy were confirmed to be related to
complete response. Higher concentrations of 5-HT were
associated with a higher risk of CINV (Supplemental
Table S5).
Toxicity
Of the 349 patients in the SS, 74% (257/349 patients)
experienced ≥ grade 1 adverse events, with no signifi-
cant difference observed between the olanzapine group
and placebo group (69% vs. 78%, P = 0.056). The pro-
portion of patients who reported insomnia was signifi-
cantly lower in the olanzapine group than in the placebo
group (1% vs. 6%, P = 0.020), while the incidence of dry
mouth was higher in the olanzapine group (6% vs. 1%,
www.thelancet.com Vol 55 January, 2023
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Olanzapine group n (%) Placebo group n (%) P valuea

Complete response (overall phase)

n 175b 174b

Yes 121 (69%) 101 (58%) 0.031

No 54 (31%) 73 (42%)

Complete response (acute phase)

n 166 168

Yes 142 (86%) 138 (82%) 0.40

No 24 (14%) 30 (18%)

Complete response (delayed phase)

n 164 165

Yes 124 (76%) 106 (64%) 0.025

No 40 (24%) 59 (36%)

No nausea (overall phase)

n 165 168

Yes 118 (72%) 100 (60%) 0.021

No 47 (28%) 68 (40%)

No nausea (acute phase)

n 165 168

Yes 142 (86%) 133 (79%) 0.097

No 23 (14%) 35 (21%)

No nausea (delayed phase)

n 163 164

Yes 119 (73%) 100 (61%) 0.020

No 44 (27%) 64 (39%)

Complete response (no vomiting and no rescue therapy), no nausea (maximum of nausea VAS <5 mm); acute phase (Days 1–3 after starting chemotherapy), delayed phase
(Days 4–8 after starting chemotherapy), overall phase (Days 1–8 after starting chemotherapy). Bold values indicate statistical significance (P < 0.05). Abbreviation: n,
number of patients. aP values were calculated with the use of the chi-square test. bPatients with missing data of primary endpoint (complete response in overall phase) were
imputed as without complete response.

Table 2: Proportion of patients achieving complete response and no nausea.

Articles
P = 0.035) (Table 3). All of the treatment-related adverse
events were grades 1 and 2, as shown in Table 3. There
were seven grade 3 and three grade 4 adverse events in
the olanzapine group, while six grade 3 and four grade 4
adverse events were reported in the placebo group.
There were no grade 5 adverse events reported in the
study. The grade 3 or 4 adverse events included mye-
losuppression, transaminase elevation, hyponatremia,
hypokalemia, and diarrhea, with none attributed to
olanzapine treatment (Table 3). Other common adverse
events were also presented in Table 3.
Discussion
To our knowledge, this study is the first randomized,
double-blind, placebo-controlled, phase 3 trial investi-
gating the efficacy and safety of preventive olanzapine
combined with triple antiemetic therapy for multiday
cisplatin-based chemotherapy in patients with solid tu-
mors. We found that the complete response-rate during
the overall phase was significantly increased in patients
who received olanzapine compared with those who
received the placebo (69% vs. 58%, P = 0.031). The no
nausea rate was also significantly improved in the
olanzapine group than the placebo group during the
www.thelancet.com Vol 55 January, 2023
overall phase (72% vs. 60%, P = 0.021). Our study pro-
vides new evidence supporting combined olanzapine
and triple antiemetic therapy for the prevention of
CINV, and it should be considered as the best anti-
emetic regimen for patients receiving multiday chemo-
therapy treatments.

In our study, we found no significant improvement
in the complete response rate and no nausea rate during
the acute phase. These results were consistent with the
results of another study evaluating olanzapine in pa-
tients with multiday non-cisplatin HEC and hemato-
poietic cell transplantation regimens in the
hematological malignancy setting, where complete
response was significantly better in the overall phase
and delayed phase only.27 Previous studies have
demonstrated that during the acute phase, few patients
experienced severe CINV with multiday chemotherapy.
This is different from single-day HEC regimens,28 thus
indicating that triple antiemetic therapy may be enough
to induce beneficial results during the acute phase for
patients with multiday treatments. As shown in Fig. 2 of
our study, the complete response rate in the placebo
group during the days 1 and 2 was 97% and 95%,
suggesting that there is little room for further
improvement. On the contrary, for patients receiving
7
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Fig. 2: (A) Proportion of patients achieving complete response from days 1 to 8 (every 24 h); (B) Proportion of patients experiencing no nausea
from days 1 to 8 (every 24 h); (C) Subgroup analysis of complete response during the overall phase in a subset of patients with baseline blood
samples (n = 274). ECOG PS, Eastern Cooperative Oncology Group performance status; substance P (pg/mL), 5-HT (ng/mL); CI, confidence
interval; n, number of patients. *, P < 0.05, calculated with the chi-square test.
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Olanzapine group (n = 175) Placebo group (n = 174) P valuea

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

All adverse events 111 (63%) 10 (6%) 126 (72%) 10 (6%) 0.15

Common adverse eventsb

Treatment-related

Insomnia 2 (1%) 0 10 (6%) 0 0.020

Constipation 35 (20%) 0 31 (18%) 0 0.68

Hiccups 14 (8%) 0 13 (7%) 0 1.00

Dry mouth 10 (6%) 0 2 (1%) 0 0.035

Somnolence 1 (0⋅6%) 0 2 (1%) 0 0.62

Dizziness 15 (9%) 0 14 (8%) 0 1.00

Appetite loss 25 (14%) 0 32 (18%) 0 0.31

Hematological

Leukopenia 17 (10%) 2 (1%) 18 (10%) 2 (1%) 0.95

Neutropenia 14 (8%) 1 (0.6%) 15 (7%) 2 (1%) 0.83

Anemia 25 (14%) 0 28 (16%) 0 0.66

Thrombocytopenia 11 (6%) 2 (1%) 10 (6%) 0 0.54

Nonhematological

Fatigue 25 (14%) 0 27 (16%) 0 0.77

Nephrotoxicity 6 (3%) 0 4 (2%) 0 0.75

Hepatoxicity 12 (7%) 1 (0.6%) 10 (6%) 1 (0.6%) 0.91

Diarrhea 9 (5%) 1 (0.6%) 10 (6%) 3 (2%) 0.62

Hyponatremia 7 (4%) 2 (1%) 4 (2%) 1 (0.6%) 0.59

Hypokalemia 4 (2%) 1 (0.6%) 5 (3%) 1 (0.6%) 0.88

Hypoalbuminemia 6 (3%) 0 4 (2%) 0 0.75

Alopecia 9 (5%) 0 10 (6%) 0 0.82

Myalgia 5 (3%) 0 4 (2%) 0 1.00

Pruritus 3 (2%) 0 2 (1%) 0 1.00

Abbreviation: n, number of patients. Bold values indicate statistical significance (P < 0.05). aP values were calculated with the Fisher’s exact test or the chi-square test.
bAdverse events with incidence rate ≥1% in at least one treatment arm.

Table 3: Summary of adverse events in the safety set.
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single-day HEC in another phase 3 trial, the complete
response rate in the placebo group was 89% and 84%
during the first two days, which was much lower than
that in our study and olanzapine improved the complete
response rate to 95%.15 These data may explain why in
two phase 3 studies of patients receiving single-day
HEC, an improved complete response rate was
observed in the olanzapine group during the acute
phase, which was inconsistent with the results of our
study.14,15

The most severe CINV typically occurs during the
delayed phase for patients receiving multiday chemo-
therapy, when a complex overlap of acute and delayed
emesis is likely present.28 We also observed a peak
incidence of CINV on days 4–6, with the four-agent
regimen containing olanzapine greatly improving the
complete response on days 4 and 5, and the no-nausea
rate from days 4 to 7, indicating an improved CINV
during the delayed phase (Fig. 2). On day 8, since the
emetogenic effect of the drug (DDP) decreased and
incidence of CINV reduced, the difference in the anti-
emetic efficacy may not be so obvious between the two
www.thelancet.com Vol 55 January, 2023
groups that may be why the curves merged together at
that time in Fig. 2. A meta-analysis also demonstrated
that olanzapine-containing prophylaxis regimens were
superior to other anti-emetic regimens in terms of
complete response in both the delayed and overall
phases, but not in the acute phase for patients with
single-day HEC.29 Recently, two randomized controlled
trials conducted by the same research team focused on
the antiemetic therapy for patients with multiday
chemotherapy. Although from a single center with small
sample size, the two trials also demonstrated olanzapine
played an important role in preventing nausea and
vomiting induced by multiday cisplatin-based
chemotherapy.30,31

CINV is complicated by patient-related risk factors,
such as age, gender, alcohol consumption history, and a
history of motion sickness.32,33 Further, a limited num-
ber of biomarkers associated with CINV have been
investigated previously.34 In the current study, we
explored the correlation between substance P and 5-HT,
and their relationship with the prognosis of CINV in a
subset of patients with baseline blood samples. Baseline
9
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plasma concentration of 5-HT was found to be another
risk factor associated with complete response in addi-
tion to clinical risk factors. Specifically, higher concen-
tration was associated with higher risk of CINV, which
may be used clinically to identify individuals who are
prone to CINV. These data should be further explored
and validated in future studies.

Generally, olanzapine was well tolerated with no in-
crease in adverse effects. Further, not one patient dis-
continued olanzapine due to toxicity. The incidence of
somnolence, the most common adverse event associated
with olanzapine,14,15,35 was very low since olanzapine was
taken before bedtime in our study.

One limitation of this study was that only patients
treated exclusively with a regimen containing multiday
cisplatin were enrolled, thus limiting the scope of the
data obtained. The appropriate antiemetic regimen for
patients with other multiday chemotherapy regimens
should be investigated in future clinical trials. Second,
we used intravenous NK1 receptor antagonist (fosap-
repitant) and 5-HT3 receptor antagonist (ondansetron)
in our study. The efficacy and compliance of the four-
drug regimen with orally given NK1 receptor antago-
nist and 5-HT3 receptor antagonist (like NEPA) still
needed to be validated.25,36 Third, only substance P and
5-HT were included in our biomarker analysis.
Dopamine as a biomarker for the treatment of olan-
zapine would be useful and deserve further
investigation.

In conclusion, our study is the first to demonstrate
that olanzapine in combination with fosaprepitant,
ondansetron, and dexamethasone was better than the
use of triple antiemetic therapy alone in preventing
CINV in patients receiving multiday cisplatin-based
chemotherapy. Based on the result obtained here, the
four-drug treatment strategy should be recommended
as the best antiemetic regimen for multiday cisplatin-
treated patients with solid tumors.
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