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Abstract
Purpose Olanzapine has been shown to have an additive effect on the three-drug antiemetic therapy,
consisting of aprepitant, palonosetron, and dexamethasone, in a highly emetogenic cisplatin-containing
chemotherapy. Although olanzapine may be more economical than aprepitant or palonosetron, an
adequate cost-efficacy analysis has not been conducted. We conducted a cost-utility analysis to evaluate
the cost-effectiveness of olanzapine in four-drug antiemetic therapy among Japanese patients.

Methods We simulated model patients treated with highly emetogenic cisplatin-containing chemotherapy
and developed a decision-analytical model of patients receiving triple antiemetic therapy with or without
olanzapine. The cost, probabilities, and incremental cost-effectiveness ratio (ICER) of each treatment
were calculated from the perspective of the Japanese healthcare payer. The threshold ICER was set at
45,867 United States dollars (USD) (5 million Japanese yen) per quality-adjusted life-year (QALY). The
probabilities, utility value, and other costs were obtained from published sources. The robustness of this
model was validated by one-way sensitivity analysis and probabilistic sensitivity analysis.

Results The calculated ICER was 5,156 USD/QALY, which was below the threshold. Under the set
conditions, the probabilistic sensitivity analysis revealed a 100% probability that olanzapine was cost-
effective. Based on the one-way sensitivity analysis, reducing the cost of olanzapine below 10.78 USD
placed the ICER below the threshold.

Conclusion Olanzapine was cost-effective in the four-drug antiemetic therapy for Japanese patients
treated with highly emetogenic cisplatin-containing chemotherapy

Introduction
Nausea and vomiting decrease the quality of life (QOL) of patients undergoing cancer chemotherapy [1].
The control of nausea and vomiting is significant for the continuation of treatment. The guidelines of
scientific societies, such as the American Society of Clinical Oncology (ASCO), the Multinational
Association of Supportive Care in Cancer/European Society of Medical Oncology (MASCC/ESMO), and
the National Comprehensive Cancer Network (NCCN), classify the emetogenicity of anticancer drugs into
four levels [2–4]. Similarly, the Japan Society of Clinical Oncology (JSCO) guideline classifies
emetogenicity into minimal (< 10%), low (10–30%), moderate (30–90%), and highly emetogenic (> 90%)
risks [5]. Cisplatin is one of the most emetogenic anticancer drugs, and all guidelines have classified
cisplatin as highly emetogenic [2–5]. Adequate prophylactic antiemetic therapy is essential to maintain
the QOL of patients taking highly emetogenic regimens.

Olanzapine inhibits multiple receptors (dopamine D1, D2, D3 receptors, serotonin 5-hydroxytryptamine
type 2a (5-HT2a), 5-HT type 2c (5-HT2c), 5-HT3, and 5-HT6 receptors, alpha1-adrenergic receptors,
muscarinic receptors, and histamine H1 receptors) [6]. Olanzapine has been used to treat schizophrenia,
but it has recently emerged as an antiemetic agent in cancer chemotherapy [7–11]. A randomized,
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double-blind, placebo-controlled phase III study reported that adding olanzapine to neurokinin-1 (NK1)
receptor antagonists, 5-HT3 receptor antagonists, and dexamethasone brought significant benefits in
preventing chemotherapy-induced nausea and vomiting (CINV) from highly emetogenic cisplatin-
containing chemotherapy [7]. The ASCO guidelines recommended a four-drug combination, including a
NK1-receptor antagonist, 5-HT3 receptor antagonist, dexamethasone, and olanzapine, for preventing CINV
after highly emetogenic chemotherapy (HEC) [2]. One of the recommended options for use in the NCCN
and MASCC/ESMO guidelines was a four-drug combination that included olanzapine [3–4].

Japan has a universal health insurance system, and the Ministry of Health, Labor, and Welfare
determines drug prices. The rapid aging of Japan's population and the resulting increase in medical costs
have become a severe problem. Because NK1 receptor antagonists, such as aprepitant and 5-HT3 receptor
antagonists, are more expensive than classical antiemetics, several studies have examined their cost-
effectiveness in Japan and overseas [12–16]. In Japan, aprepitant use was reportedly cost-effective for
outpatient treatment but not cost-effective under inpatient conditions [12]. Palonosetron, a second-
generation 5-HT3 receptor antagonist, was reportedly not cost-effective as a first-generation 5-HT3

receptor antagonist [13].

On the other hand, the drug price of olanzapine per 5 mg of is 167.4 JPY, which is lower than those of
aprepitant (8,949.3 JPY/3 days) and palonosetron (14,937 JPY). Therefore, it is considered an excellent
drug, not only in terms of efficacy but also in cost-effectiveness. However, the cost-effectiveness of
olanzapine in antiemetic therapy has not been sufficiently investigated. Given this, this study aimed to
evaluate the cost-effectiveness of olanzapine in four-drug antiemetic therapy among Japanese patients
receiving highly emetogenic cisplatin-containing chemotherapy.

Methods
1. Model

According to previous reports, we simulated model patients treated with highly emetogenic cisplatin-
containing chemotherapy and developed a decision-analytic model (Fig. 1) [12–16]. Based on a phase III
clinical trial conducted in Japan (J-FORCE study) [7], the model patients received either a four-drug or a
three-drug regimen. The four-drug regimen included dexamethasone (12 mg on Day 1 and 8 mg on Days
2–4); palonosetron (0.75 mg on Day1); aprepitant (125 mg aprepitant on Day 1, and 80 mg on Days 2
and 3); olanzapine (5 mg on Days 1–4). The three-drug regimen consisted of the same drug regimen
minus olanzapine. The costs and health state outcomes of each treatment were calculated. The model
was divided into two phases: the acute phase (Day 1) and the delayed phase (Days 2–5). The clinical
outcomes were defined as follows: complete response (CR) with no emesis and no rescue medication
use, and incomplete response (IR) with some emesis or rescue medication use. CR was subdivided into
two mutually exclusive health outcomes: complete protection (CP), which was defined as no emesis,
rescue antiemetic therapy, and significant nausea, and complete response at best (CRB), which included
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those who achieved CR but not CP. The analysis period lasted for five days, as in previous reports [12–
16].
2. Health state outcomes and probabilities

Health state outcomes were evaluated using quality-adjusted life years (QALYs). The QALY in each
treatment group was integrated according to the probability of the health state in the acute and delayed
phases. A utility value for each health state was assigned to previous reports. Utility values of 0.9 for CP,
0.7 for CRB, and 0.2 for IR were used (Table 1) [12, 13, 15, 17]. If drowsiness occurred, the utility value
was assumed to decrease by 0.1 [18]. The health state probabilities and the probability of drowsiness
were based on the J-FORCE study results (Table 1) [7].

Table 1
Utility values for model patient's outcomes and health state probabilities in the model

Parameters Base case Range for sensitivity analysis

Lower bound Upper bound

Utility weight      

Complete protection 0.90 0.63 1.00

Complete response at best 0.70 0.49 0.91

Incomplete response 0.20 0.14 0.26

Drowsiness -0.10 -0.07 -0.13

Probabilities      

CP in acute phase in olanzapine group 0.86 0.82 0.90

CP in acute phase in non-olanzapine group 0.81 0.77 0.85

CR in acute phase in olanzapine group 0.95 0.93 0.97

CR in acute phase in non-olanzapine group 0.89 0.85 0.92

CP in delayed phase in olanzapine group 0.66 0.61 0.71

CP in delayed phase in non-olanzapine group 0.50 0.45 0.55

CR in delayed phase in olanzapine group 0.79 0.75 0.83

CR in delayed phase in non-olanzapine group 0.60 0.55 0.65

Drowsiness in olanzapine group 0.39 0.27 0.51

Drowsiness in non-olanzapine group 0.29 0.20 0.38

The probabilities are based on the J-FORCE study [7]

CP complete protection, CR complete response
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3. Cost

The costs of prophylactic antiemetic therapy and rescue treatments for CINV were included in the model.
All costs for drugs in this study were based on the National Health Insurance Drug Price Standard listed in
2020 (Table 2). The costs calculated in JPY were converted to United States dollars (USD) using the
exchange rate reported by the Organization for Economic Cooperation and Development (OECD) in 2019
(1 USD = 109.01 JPY) [19]. The rescue treatment cost was set to 7.80 USD per treatment based on the
Japanese report by Tsukiyama et al. [12].

Table 2
Costs of drugs and rescue treatment

Study drug costs Cost (USD) Range for sensitivity analysis

Base case Lower bound Upper bound

Olanzapine 5.0 mg (oral) 1.54 1.08 2.00

Aprepitant 125 mg (oral) 34.75    

Aprepitant 80 mg (oral) 23.68    

Palonosetron 0.75 mg (intravenous) 137.04    

Dexamethasone 4.0 mg (oral) 0.29    

Three-drug regimen

(Apepitant + Palonosetron + Dexamethasone)

221.77    

Rescue medication 7.80 5.46 10.14

Three-drug regimen comprised 12 mg Dexamethasone on Day 1 and 8 mg on Days 2–4, 0.75 mg
palonosetron on Day 1, 125 mg aprepitant on Day 1 and 80 mg on Days 2 and 3

 

4. Cost-utility analysis

The incremental cost-effectiveness ratio (ICER) was calculated to evaluate the cost-effectiveness of the
olanzapine-containing four-drug regimen. The ICER was calculated as follows:

ICER (JPY/QALY) = (cost with olanzapine – cost without olanzapine) / (QALYs with olanzapine – QALYs
without olanzapine)

The willingness-to-pay (WTP) threshold was set at 45,867 USD (5,000,000 Japanese yen)/QALY defined
by Shiroiwa et al. [20]. No discount was applied since the study lasted for less than a year. The cost-utility
analysis was performed from the perspective of the Japanese healthcare payer. Cost-utility analyses were
conducted using TreeAge® Pro 2019 (TreeAge Software Inc. Williamstown, MA, USA).
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5. Sensitivity analysis
The study parameters, such as drug costs, utility values, and health state probabilities, were subject to
uncertainty. Therefore, by varying the parameters within a specific range, the model's uncertainty and
robustness were evaluated by one-way and probabilistic sensitivity analyses. Probabilistic sensitivity
analysis was conducted by performing 1,000 iterations of an automatic multiple random numbering
method using Monte Carlo simulation. The drug costs, rescue treatment cost, probability of drowsiness,
and utility values were varied by ± 30% from the base values. The health state probabilities varied within
the 95% confidence interval of the J-FORCE study [7]. In the one-way sensitivity analysis, we calculated
the cost of olanzapine, whose ICER was equal to WTP.

Results
1. Base-Case analysis

The cost was 229.92 USD in the olanzapine group and 225.26 USD in the non-olanzapine group. The
QALYs gained were 0.00962 QALYs in the olanzapine group and 0.00872 QALYs in the non-olanzapine
group. The incremental cost of the olanzapine group relative to the non-olanzapine group was 4.66 USD,
and the incremental QALYs were 0.00090 QALYs, resulting in an ICER of 5,156 USD/QALY. This value was
below the WTP, and according to the base case analysis, the olanzapine group was more cost-effective
than the non-olanzapine group.
2. Sensitivity analysis

A tornado diagram based on the one-way sensitivity analysis is shown in Fig. 2. It is arranged in order of
the degree of influence on ICER. The most influential parameter on ICER was the probability of delayed
CR in the non-olanzapine group, followed by the cost of olanzapine (Fig. 2). In the one-way sensitivity
analysis, the drug price of olanzapine with ICER equal to WTP was 10.78 USD.

The results of the probabilistic sensitivity analysis are shown in Fig. 3. Based on the scatter plot, the
olanzapine group was more cost-effective than the non-olanzapine group, given that the incremental
QALYs were positive below the WTP line (45,867 USD/QALY) for the points obtained by random sampling.
The probabilistic sensitivity analysis revealed a 100% probability that the olanzapine group was more
cost-effective than the non-olanzapine group.

Discussion
To our knowledge, this was the first report to evaluate the cost-effectiveness of olanzapine in a four-drug
antiemetic regimen. In the base-case analysis, the ICER of olanzapine added to the three-drug regimen
was 5,156 USD/QALY, which was lower than the set WTP. Furthermore, the probabilistic sensitivity
analysis revealed a 100% probability for the cost-effectiveness of olanzapine. These results indicated
that olanzapine was cost-effective in the four-drug antiemetic regimen, with a cisplatin-containing HEC
regimen. Although, it is necessary to pay attention to adverse effects such as hyperglycemia and QT
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prolongation. Olanzapine was recommended, not only for its antiemetic effects, but also for its cost-
effectiveness.

Chanthawong et al. reported that compared to the doublet antiemetic regimen (dexamethasone plus first-
generation 5-HT3 receptor antagonist), the addition of olanzapine resulted in incremental QALY of
0.0022–0.0026, with cost savings of 2.98 USD, 27.71 USD, and 52.20 USD in Thailand, Malaysia, and
Indonesia, respectively [15]. At the same time, they reported that in Singapore, switching from aprepitant
to olanzapine in a triplet antiemetic regimen (dexamethasone, first-generation 5-HT3 receptor antagonist,
and aprepitant) resulted in cost savings of 60.91 USD and incremental QALYs of 0.0005 [15]. In Japan,
there have been several reports examining the cost-effectiveness of aprepitant and palonosetron [12–14].
Kashiwa et al. reported the cost-effectiveness of palonosetron in cisplatin-containing HEC regimens
based on the TRIPLE study results conducted in Japan [13, 21]. The calculated ICER for palonosetron
compared to granisetron was 16,204,591 JPY/QALY (144,465 USD/QALY). Tsukiyama et al. reported that
the cost-effectiveness of aprepitant for HEC regimens was 3,906,698 JPY/QALY (35,951 USD/QALY) in
the outpatient care setting and 6,195,781 JPY/QALY (56,952 USD/QALY) in the inpatient care setting [12].
The calculated ICER for olanzapine in our study was substantially lower than those obtained in the
aforementioned studies because olanzapine cost less than antiemetics such as aprepitant and
palonosetron. The one-way sensitivity analysis showed that the second most influential parameter on
ICER was the drug price of olanzapine, and the cost of antiemetics was a factor that directly influenced
ICER. In Japan, the cost of olanzapine (5 mg for four days) was 6.16 USD. Aprepitant for three days cost
82.11 USD, and single-dose palonosetron cost 137.04 USD. These indicated that the difference in drug
cost per regimen had a significant impact on ICER.

This study had some limitations. First, this study only included cisplatin-based regimens. Navari et al.
reported that the addition of 10 mg of olanzapine to a three-drug regimen significantly improved acute
and delayed CINV in patients who were receiving anthracycline-cyclophosphamide (AC) or cisplatin (≥ 70
mg per square meter of body-surface area) [8]. However, we did not use the results of Navari et al.
because severe sedation occurred in 5% of patients in their study, and there was minimal opportunity to
use 10 mg in Japan because of concerns about drowsiness. To the best of our knowledge, no placebo-
controlled, randomized, or randomized trial has demonstrated the efficacy of olanzapine 5 mg for the AC
regimen. The MASCC/ESMO stated that the clinically meaningful difference was at least 10% [3]. In the J-
FORCE study cited in our model, the CP rate in the delayed phase was 60% in the olanzapine group and
50% in the non-olanzapine group [7]. If the same efficacy level is demonstrated in the AC regimen,
olanzapine will be highly cost-effective in the AC regimen. Second, the approved palonosetron dose in
Japan is 0.75 mg, which was different from other countries. ASCO, NCCN, and MASCC/ESMO guidelines
recommended 0.25 mg intravenous and 0.5 mg oral palonosetron [2–4]. The dosage of palonosetron in
Japan was set to 0.75 mg because a domestic phase II study on moderately emetogenic chemotherapy
showed that this dosage had a higher delayed phase CR rate than 0.25 mg [22]. Although, no statistically
significant difference was observed. However, since the Navari et al. report included 75% of patients using
0.25 mg of palonosetron as a 5-HT3 receptor antagonist, the difference in palonosetron dose may have
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had a small effect on the results of this study. Third, this study did not take into account additional
hospitalization, laboratory, and consultation costs. However, when these costs were included in the
analysis, they added additional costs to the non-olanzapine group, further favoring the olanzapine group.
Therefore, the omission of these costs did not affect the results and robustness of this study.

In conclusion, olanzapine was highly cost-effective in highly emetogenic cisplatin-containing risk
regimens. Therefore, the use of a four-drug regimen, including olanzapine, was recommended in terms of
cost-effectiveness.
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Figures

Figure 1
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Decision-analytic model for cost-utility analysis. The decision tree shows the nine possible health states
that a model patient can experience after receiving an antiemetic regimen. Olanzapine-containing
regimen comprised dexamethasone, palonosetron, aprepitant, and olanzapine. CP, complete protection;
CRB, complete protection at best; IR, incomplete response.

Figure 2

The result of one-way sensitivity analysis. CR, complete response; CP, complete protection; IR, incomplete
response; CRB, complete response at best

Figure 3
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The result of probabilistic analysis by scatter plot. USD, United States dollar


