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Abstract

Purpose There remains an unmet clinical need for the control of chemotherapy-induced nausea and vomiting (CINV),
particularly in the prevention of nausea and the delayed phase control. We evaluated the efficacy and safety of antiemetic
therapy with olanzapine, a neurokinin-1 receptor antagonist, a 5-hydroxytryptamine-3 (5-HTj;) receptor antagonist and
dexamethasone in patients receiving carboplatin-containing chemotherapy. Olanzapine inhibits signalling via multiple neu-
rotransmitter receptors involved in CINV.

Methods Chemotherapy-naive patients with lung cancer who received carboplatin-containing chemotherapy were enrolled
in this phase-II study. Patients received olanzapine, aprepitant, a 5-HT; receptor antagonist and dexamethasone. The pri-
mary endpoint was the complete response rate (no vomiting and no rescue therapy) during 120 h after administration of
chemotherapy agents.

Results Thirty-three patients received olanzapine-containing antiemetic therapy. The overall complete response rate was
93.3% (95% confidence interval, 80.4-98.3%). The frequency of nausea was 15.2% in the delayed phase and 18.2% in the
overall phase. Somnolence was observed in 16 patients.

Conclusion Adding olanzapine to antiemetic therapy with aprepitant, a 5-HT; receptor antagonist and dexamethasone
improved CINV control in patients receiving carboplatin-containing chemotherapy.
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Introduction

Chemotherapy-induced nausea and vomiting (CINV)
is among the most common and troubling event in can-
cer treatments [1-3]. CINV can exacerbate nutritional
states, general condition and overall quality of life, which
undermine the efficacy of chemotherapy [2, 4]. Because
prevention of CINV is important for continuation of
chemotherapy and achieving treatment success, increas-
ing efforts have made towards improved antiemetic phar-
macotherapy in recent years [2, 3]. Chemotherapy agents
are categorized as “highly emetogenic chemotherapy”
(HEC), “moderately emetogenic chemotherapy” (MEC)
and “low or minimal emetogenic chemotherapy”, depend-
ing on their vomit-inducing potency [3, 5-8]. Prophylac-
tic antiemetic pharmacotherapy is recommended based on
these categories.

Olanzapine is an antipsychotic drug that inhibits sign-
aling via multiple neurotransmitter receptors: dopaminer-
gic D, D,, D5 and D, receptors; serotonergic 5-hydroxy-
tryptamine (5-HT) type 2a, 5-HT type 2¢ (5-HT,,), type 3
(5-HT;) and 5-HT type 6 receptors; catecholamine alpha,
adrenergic receptors; acetylcholine muscarinic receptors
and histamine H, receptors [5, 9, 10]. Particularly, the
function of olanzapine on 5-HT,, and 5-HT; provides a
pharmacological rationale for its use in the prevention of
CINV [9, 10]. For HEC regimens, triple antiemetic ther-
apy with a 5-HT; receptor antagonist, dexamethasone and
a neurokinin-1 (NK1) receptor antagonist has been rec-
ommended as an optimal antiemetic therapy [5, 11, 12].
However, the control of CINYV, especially in the delayed
phase, remains insufficient even if prophylactic treatment
with these antiemetic agents is used. Several studies have
demonstrated that adding olanzapine to dual therapy with
a 5-HT; receptor antagonist and dexamethasone or triple
therapy with a NK1 receptor antagonist, a 5-HT; receptor
antagonist and dexamethasone can improve CINV control
[13—15]. Recently, combination antiemetic therapy with
olanzapine, the NK1 receptor antagonists aprepitant or
fosaprepitant, a 5-HT; receptor antagonist and dexametha-
sone was evaluated in patients with cisplatin-based regi-
mens or cyclophosphamide and anthracycline regimens
[16]. Adding olanzapine reduced the proportion of patients
with chemotherapy-induced nausea in the acute, delayed
and overall phases. The complete response rate, as a sec-
ondary endpoint, was significantly increased when olan-
zapine was added. International guidelines recommend
olanzapine-containing antiemetic therapy as the preferred
antiemetic agent in patients with HEC [7, 8].

For MEC regimens, antiemetic therapy with a 5-HT;
receptor antagonist and dexamethasone is recommended
[6, 11, 12]. Although carboplatin was classified as a MEC
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agent [2, 11, 12], it is now recognized that carboplatin-
containing chemotherapy has relatively strong emetic
potency, particularly during the delayed phase [5, 17, 18].
At present, carboplatin is managed independently from
MEC [6-8] and triple therapy with a NK1 receptor antago-
nist, a 5-HT; receptor antagonist and dexamethasone is
recommended for antiemetic therapy [6-8]. Triple therapy
for carboplatin-containing therapy showed a 60-80% com-
plete response rate in the overall and delayed phases [17,
19]. However, control of nausea was not acceptable. As
introduced in the antiemetic therapy for HEC regimens,
olanzapine might be useful in carboplatin-containing
chemotherapy, but there are few studies to demonstrate
the efficacy of olanzapine in patients with carboplatin-
containing regimens [13].

Here we conducted a pilot phase-II study to evaluate the
efficacy and safety of antiemetic therapy with olanzapine,
aprepitant, a 5-HT; receptor antagonist and dexamethasone,
which is at present a recommended antiemetic therapy, in
patients with lung cancer who received carboplatin-based
first-line chemotherapy.

Patients and methods

Study design

This study was a multicenter, prospective, single arm, open-
label, phase-II trial conducted in accordance with the Decla-
ration of Helsinki. The study protocol was approved by the
Institutional Review Board of each participating institution.
Informed consent was obtained from all individual partici-
pants included in the study. The trial was registered with the
University Hospital Medical Information Network (UMIN)
Clinical Trial Registry (UMIN ID 000,026,739).

Patient eligibility

Chemotherapy-naive patients with pathologically confirmed
inoperable stage-II1IB or -IV non-small-cell lung cancer
(NSCLC) and small cell lung cancer, who were receiving
carboplatin-based chemotherapy were eligible for inclusion.
Additional eligibility criteria comprised age > 20 years, ade-
quate hematopoietic, renal and hepatic function and an East-
ern Cooperative Oncology Group (ECOG) performance sta-
tus of 0 or 1. In patients with small cell lung cancer, patients
with a performance status of 2 were included. Exclusion
criteria included nausea and vomiting within 24 h or use of
antiemetic agents within 48 h before administration of chem-
otherapy, use of pimozide, and diabetes mellitus. Patients
were excluded if they had symptomatic brain metastasis,
gastrointestinal obstruction, or an active gastrointestinal
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ulcer because these conditions were likely to induce nausea
and vomiting regardless of chemotherapy.

Treatment schedule

Patients with non-squamous NSCLC were treated with pem-
etrexed (500 Ing/m2) and carboplatin (at an area under the
curve [AUC] of 6 on day 1 of a 21 day cycle) or paclitaxel
(paclitaxel 200 mg/m? or nanoparticle, albumin-bound at
100 mg/m?) and carboplatin. Patients with squamous cell
carcinoma were treated with paclitaxel and carboplatin or
S-1 (orally 40 mg/m? twice per day on days 1 to 14) and
carboplatin (at an AUC of 5 on day 1 of a 21 day cycle).
Patients with small cell carcinoma were treated with etopo-
side (80 mg/m?) and carboplatin. Bevacizumab was added
in some eligible cases. The carboplatin dose was calculated
according to the Calvert formula. The glomerular filtra-
tion rate was estimated from the Cockcroft—-Gault formula.
Patients received antiemetic therapy with a 5-HT; antago-
nist on day 1, dexamethasone (intravenously 4.95 mg) on
day 1 and aprepitant (125 mg on day 1 and 80 mg on days
2-3). Olanzapine (5 mg) was administered on days 1-4 after
the evening meal. The dose of dexamethasone was reduced
according to the findings of previous studies [17, 19]. When
patients took paclitaxel or pemetrexed, they received pro-
phylactic dexamethasone, H; and H, blockers, folic acid,
and vitamin B, according to the package insert in Japan.
In the case of paclitaxel, a dose of 12 mg dexamethasone
was added at day 1 to prevent anaphylactic reactions. Addi-
tional antiemetic agents and other supportive treatments
were administered at the discretion of the treating physi-
cians. Patients completed a daily questionnaire regarding the
frequency of vomiting and scoring of nausea during 5 days
after carboplatin administration. Physicians recorded the use
of additional antiemetic therapies during the study period.

Statistical analyses

The primary endpoint was the complete response rate in
the overall phase (during the 120 h immediately following
administration of chemotherapy agents). Complete response
was defined as the proportion of patients with no vomit-
ing episodes and no rescue therapy. Secondary endpoints
included the following: complete response rate in the acute
(first 24 h after chemotherapy administration) and delayed
phases (24-120 h after chemotherapy); complete control rate
(no vomiting, no rescue therapy and no or mild nausea),
total control rate (no vomiting, no rescue therapy and no
nausea), nausea in the overall, acute, and delayed phases,
and safety. Adverse events were graded using the Common
Toxicity Criteria for Adverse Events, version 4.0. Based on
the SWOG one-arm design, 28 patients were required to
achieve 80% statistical power with a two-sided « error of

0.05, assuming an expected complete response rate of 95%
and a threshold of 80% [17]. The planned sample size was
32 patients for enrolment after taking some dropouts into
consideration. Efficacy analyses were based on patients who
received chemotherapy, took the study drugs, and had at
least one post-treatment assessment. All values were ana-
lyzed using JMP v5.0.1 (SAS Institute Japan; Tokyo, Japan).

Results
Patient characteristics

Between April 2017 and June 2018, 33 patients were
enrolled. Patient characteristics are listed in Table 1.

Table 1 Patient characteristics

All patients (n=33)

Age, years 75 (60-85)
Sex, male 29 (87.9)
Performance status®
0 27 (81.8)
1 4(12.1)
2 2 (6.1)
Stage
IIB 7(21.2)
v 22 (66.7)
Recurrence 4(12.1)
Histology
Adenocarcinoma 15 (45.5)
Squamous cell carcinoma 9(27.3)
Small cell lung cancer 9(27.3)
Chemotherapy regimen
Carboplatin + pemetrexed + bevacizumab 12 (36.4)
Carboplatin + paclitaxel Y4 bevacizumab 10 (30.3)
Carboplatin+ S-1 2 (6.1)
Carboplatin + etoposide 8(24.2)
Carboplatin + irinotecan 1(3.0)
5-hydroxytryptamine receptor antagonist
Granisetron 16 (48.5)
Palonosetron 16 (48.5)
Ramosetron 1(3.0)
Brain metastasis 2(6.1)
Drinking habit 15 (45.5)
History of motion sickness 0(0)
History of vomiting during pregnancy 0(0)
Use of opioids 0(0)

Data are given as numbers (percentage) or median (range)

*Performance status was determined according to the Eastern Coop-
erative Oncology Group Scale

®Paclitaxel or nanoparticle albumin-bound paclitaxel
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The median age was 75 years (range 60-85 years) and 29
patients (87.9%) were male. Twenty-four (72.7%) were
NSCLC and nine (27.3%) had small cell carcinoma histol-
ogy. Twenty-two patients (66.7%) had stage-IV disease.
Twelve (36.4%), ten (30.3%) and eight patients (24.2%)
received pemetrexed-, paclitaxel- and etoposide-contain-
ing chemotherapy, respectively. Four patients (12.1%)
received bevacizumab in combination with carboplatin
dual therapy. Fifteen patients (45.5%) had drinking habits.

Efficacy

The olanzapine-containing therapy showed an overall
complete response rate of 93.3% [95% confidence inter-
val (CI), 80.4%-98.3%, Table 2]. The complete response
rates in the acute and delayed phases were 100% (95% CI,
89.6-100%) and 93.9% (95% CI, 80.4%-98.3%), respec-
tively. Complete control and total control rates are shown
in Table 2. Strikingly, total control rates in the delayed
and overall phases were 84.8% (95% CI, 69.1%-93.3%)
and 81.8% (95% CI, 65.6%-91.4%), respectively. The
occurrence of nausea was evaluated using patient ques-
tionnaires. The frequency of nausea was low (acute phase,
3.0%; delayed phase, 15.2%; overall phase, 18.2%).

Safety

The prevalence of major adverse events is shown in
Table 3. The most common hematologic toxicity was
anemia. Severe toxicities reaching grade 3 or 4 were leu-
kopenia, neutropenia and thrombocytopenia, which were
deemed to be chemotherapy related. Constipation was the
most frequent non-hematologic toxicity. Somnolence was
observed in 16 patients, all of which were grade 1. All
adverse events were tolerated and there was no irreversi-
ble toxicity or death considered to be related to treatment.

Table 3 Adverse events

All cases (n=33)

Grade 14 Grade 34
Hematologic toxicity
Leukopenia 15 (45.5) 9(27.3)
Neutropenia 16 (48.5) 12 (36.4)
Anemia 23 (69.7) 1(3.0)
Thrombocytopenia 15 (45.5) 5(15.2)
Non-hematologic toxicity
Hepatotoxicity 14 (42.4) 1(3.0)
Nephrotoxicity 3.1 0(0)
Constipation 16 (48.5) 0(0)
Anorexia 18 (54.5) 0(0)
Hiccup 5(15.2) 0(0)
Somnolence 16 (48.5) 0(0)

Values are given as numbers (percentage)

Discussion

Antiemetic therapy has improved during many years. How-
ever, based on the view that the ultimate goal of antiemetic
management is to prevent all nausea and vomiting associated
with cancer treatment, CINV remains an unresolved issue in
cancer therapy. In particular, the delayed phase control and
prevention of nausea are an unmet medical need. Here, we
assessed the efficacy and safety of olanzapine-containing
antiemetic therapy with aprepitant, a 5-HT; receptor antago-
nist and dexamethasone in lung cancer patients who received
carboplatin-based chemotherapy. The control of CINV was
excellent, complete response rates in overall and delayed
phases were over 90%. Furthermore, nausea was markedly
decreased, which was not achieved by antiemetic therapy
without olanzapine. To the best of our knowledge, this is
the first study to show the efficacy of adding olanzapine to
triple antiemetic therapy, now a recommended therapy for
carboplatin-based chemotherapy. Olanzapine-containing
antiemetic therapy can be a valuable option even in patients
receiving carboplatin-containing chemotherapy.

Table 2 Response rates in each

Phase
phase

Acute

Delayed Overall

Complete response rate
Complete protection rate

Total control rate

100 (89.6-100)
100 (89.6-100)
97.0 (84.7-99.5)

93.9 (80.4-98.3)
90.9 (76.4-96.9)
84.8 (69.1-93.3)

93.9 (80.4-98.3)
90.9 (76.4-96.9)
81.8 (65.6-91.4)

Data are percentages (95% confidence interval)

Complete response is defined as no vomiting and no rescue therapy. Complete protection rate is defined as
no vomiting, no rescue therapy and no or mild nausea. Total control rate is defined no vomiting, no rescue

therapy and no nausea
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CINV in the acute and delayed phases has different
physiological mechanisms [2, 3]. Acute-phase CINV occurs
within 24 h after administration of chemotherapeutic agent.
CINV in the delayed phase occurs between 24 h and several
days after the initial administration [2, 3]. Delayed-phase
CINV develops more frequently than acute-phase CINV, but
clinicians are likely to underestimate delayed-phase CINV
[4]. Additionally, delayed-phase CINV is less responsive to
antiemetic therapy [20]. In a prospective cohort study of
1910 Japanese patients, delayed phase complete response
rates for HEC and MEC regimens were 50.6 and 58.3%,
respectively [21]. The control of delayed-phase CINV is nec-
essary to improve antiemetic management and prevent all
nausea and vomiting associated with cancer treatment [3].

Olanzapine has already been recommended as a via-
ble additional antiemetic prophylaxis to supplement the
accepted NK1 receptor antagonist, 5-HT; receptor antago-
nist and dexamethasone treatment for HEC regimens [7,
8]. Although the antiemetic effect of olanzapine may be
applicable to MEC or carboplatin-containing regimens, few
studies have assessed the efficacy of olanzapine in these
regimens [13]. Navari et al. conducted a phase II trial to
assess the efficacy of adding olanzapine to palonosetron and
dexamethasone in patients receiving MEC and HEC regi-
mens [14]. There was a limited number of patients receiv-
ing MEC regimens including carboplatin-containing chem-
otherapy. Complete responses in patients receiving MEC
regimens were 100%, 75%, and 72% in the acute, delayed,
and overall phases, respectively. The percentage of patients
reporting no nausea was 78% in both delayed and overall
phases. In another trial, multiday olanzapine was added to
antiemetic therapy with a 5-HT; receptor antagonist and
dexamethasone in patients receiving HEC and MEC regi-
mens [22]. The complete response rate in patients receiv-
ing MEC regimens was 83.1% in the olanzapine group
and 58.1% in the control group. The non-anthracycline-
cyclophosphamide-based MEC regimens contained oxali-
platin and carboplatin,however, no subgroup analysis for
the non-anthracycline-cyclophosphamide-based regimens
was performed, therefore, the effectiveness of olanzapine
for carboplatin regimens remains unknown. These studies
evaluated the efficacy of olanzapine with antiemetic therapy
with a 5-HT; receptor antagonist and dexamethasone that is
no longer standardized for carboplatin.

Although carboplatin exhibits less emetic potency than
cisplatin, it can induce considerable acute and delayed
emesis [3, 5]. We previously evaluated triple therapy with
aprepitant, a 5-HT; receptor antagonist and dexamethasone
in patients with carboplatin-containing therapy and showed
an 80.3% overall complete response rate [17]. In the pre-
sent study, we evaluated the efficacy of olanzapine addi-
tion to triple antiemetic therapy in carboplatin-containing
chemotherapy. The complete response rate in the acute phase

was very high, which was already achievable even without
olanzapine [17]. However, the complete response rate in the
delayed phase was also very high, at 93.9%. To our surprise,
no patients had vomiting or required rescue antiemetics until
3 days after administration of chemotherapeutic agent. Only
a few patients vomited at days 4 and 5. For carboplatin, the
incidence of delayed CINV increased during the latter half
of the delayed phase [23] and olanzapine controlled CINV
during this period. In terms of efficacy, the addition of olan-
zapine could enable satisfactory management of CINV dur-
ing both acute and delayed phases.

Chemotherapy-induced nausea is essentially a subjec-
tive experience and involves distinct etiology from chemo-
therapy-induced vomiting [1]. It has a potentially negative
impact on the quality of life in cancer patients [2—4] and
patients typically emphasize nausea control [1]. Despite
current advances in the management of chemotherapy-
induced vomiting, reduction of vomiting does not always
reflect control of nausea [21]. Management of nausea is dif-
ficult despite the use of triple antiemetic therapy and nausea
remains a significant challenge in clinical practice [2, 3]. In
our study, few patients treated with olanzapine-containing
antiemetic therapy experienced nausea. Although further
studies are needed to determine the optimal management
of chemotherapy-induced nausea, olanzapine-containing
antiemetic therapy has the potential to control nausea.

The present study had limitations. First, it was a single-
arm trial with limited sample size. The number of cases was
not sufficient to evaluate the risk of CINV for parameters
such as age, sex, history of chemotherapy, motion sickness,
emesis in pregnancy, or alcohol consumption. The study
subjects were patients with NSCLC or small cell lung can-
cer, predominantly male and elderly, and half of the patients
consumed alcohol, which are low risk factors for CINV. The
efficacy of olanzapine must be applied to those with high risk
of CINV and a larger population. When we started this trial,
triple antiemetic therapy with aprepitant remained optional
and unstandardized in Japan. At present, triple therapy is
standardized for carboplatin-containing chemotherapy in
Japan and a placebo-controlled comparative study between
triple therapy and olanzapine-containing therapy is war-
ranted. Second, the first-generation 5-HT; receptor antago-
nists or second-generation 5-HT; receptor palonosetron were
used for antiemetic treatment. Palonosetron has a prolonged
half-life and a greater binding affinity. Although combina-
tion of palonosetron and dexamethasone is superior to a first-
generation 5-HTj; receptor antagonist and dexamethasone in
HEC [24], the superiority of palonosetron remains unknown
in carboplatin regimens. Third, olanzapine has some adverse
effects. Among them, somnolence is a significant problem
that requires attention. In the present study, the incidence of
somnolence was 48.5% and these cases were grade 1. The
time to maximum concentration of olanzapine is 4.8 h and
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so olanzapine was administered after the evening meal in
the present study in anticipation that olanzapine levels peak
during sleep, which might lower the incidence of daytime
somnolence. Olanzapine was administered for 4 days. As an
antiemetic agent, the use of olanzapine is limited to a short
period and severe adverse events have not been reported in
patients receiving olanzapine for this indication [25, 26].

In conclusion, adding olanzapine to antiemetic therapy
with aprepitant, a 5-HT; receptor antagonist and dexametha-
sone is an effective and feasible prophylactic treatment in
patients receiving carboplatin-containing chemotherapy.
Further comparative studies are warranted to determine the
benefit from such treatment.
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