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Abstract
Background
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.

Methods
We conducted a cost-utility analysis to evaluate the cost-effectiveness of olanzapine use in four-drug antiemetic therapy among Japanese patients. 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 in an inpatient setting. The cost and probabilities of each treatment were calculated from the perspective of the Japanese healthcare payer. The probabilities, utility value, and other costs were obtained from published sources. One-way and probabilistic sensitivity analyses were conducted to examine the influence of each parameter on the model and the robustness of a base-case analysis. Threshold analysis was conducted to determine the cost of olanzapine that would make the incremental cost-effectiveness ratio (ICER) equivalent to the threshold ICER). The threshold incremental cost-effectiveness ratio was set at 5 million Japanese Yen (JPY) per quality-adjusted life-year (QALY) gained.

Results
The cost was 10,238 JPY in the olanzapine regimen and 9719 JPY in the non-olanzapine regimen. The QALY gained were 0.01065 QALYs and 0.01029 QALYs in the olanzapine and non-olanzapine regimen, respectively. The incremental cost of the olanzapine regimen relative to the non-olanzapine regimen was 519 JPY, and the incremental QALYs were 0.00036 QALY, resulting in an ICER of 1,428,675 JPY per QALY gained. In the one-way sensitivity analysis, the results were most sensitive to the utility value of incomplete control. The probabilistic sensitivity analysis revealed the probability that the ICER was below the willingness-to-pay, and the incremental QALYs was positive was 96.2%. The calculated cost of olanzapine per 5 mg that would make the incremental cost-effectiveness ratio equivalent to the threshold incremental cost-effectiveness ratio was calculated to be 475 JPY.

Conclusions
Olanzapine was cost-effective in the four-drug antiemetic therapy for Japanese patients treated with highly emetogenic cisplatin-containing chemotherapy.
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Background
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) [2], the Multinational Association of Supportive Care in Cancer/European Society of Medical Oncology (MASCC/ESMO) [3], and the National Comprehensive Cancer Network (NCCN) [4], classify the emetogenicity of anticancer drugs into four levels. Similarly, the Japan Society of Clinical Oncology 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. 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, 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 [8]. 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 [16]. Palonosetron, a second-generation 5-HT3 receptor antagonist, was reportedly not cost-effective as a first-generation 5-HT3 receptor antagonist [14].
On the other hand, the drug price of olanzapine (branded) per 5 mg of is 150.4 Japanese yen (JPY) (1.41 United States dollars (USD)) (generic, 28.9 JPY (0.27 USD), which is lower than those of aprepitant (branded, 8949.3 JPY (83.81 USD)/3 days); generic, 3904.4 JPY (36.61 USD)/3 days) and palonosetron (branded, 14,937 JPY (138.27USD); generic, 5349 JPY (50.10 USD)). Since the price of olanzapine is low and has shown sufficient antiemetic effect in the J-FORCE study, it may be recommended from the perspective of cost-effectiveness. However, no quantitative cost-effectiveness analysis of olanzapine has been conducted for the four-drug combination. Although there have been overseas reports examining the cost-effectiveness of olanzapine in HEC [17, 18], none of them have examined the cost-effectiveness of adding olanzapine to the three-drug combination. In addition, it is difficult to extrapolate the results of overseas studies directly to Japan because of the differences in medical costs and insurance systems between Japan and other countries. Given this, this study aimed to evaluate the cost-effectiveness of olanzapine quantitatively in four-drug antiemetic therapy among Japanese patients receiving highly emetogenic cisplatin-containing chemotherapy.
Methods
Model
We simulated model patients treated with highly emetogenic cisplatin-containing chemotherapy and developed a decision-analytic model (Fig. 1). Based on a phase III clinical trial conducted in Japan (J-FORCE study) [8], the model patients received either a four-drug (olanzapine regimen) or three-drug regimen (non-olanzapine regimen) in an inpatient setting. In the J-FORCE study, key inclusion criteria were treatment with cisplatin (≥50 mg/m2) for the first time, age between 20 and 75 years, and with an Eastern Cooperative Oncology Group performance status (ECOG-PS) of 0–2. A total of 710 patients were assigned to either the olanzapine regimen (356 patients) or non-olanzapine regimen (354 patients). The olanzapine regimen included dexamethasone (12 mg on Day 1 and 8 mg on Days 2–4), palonosetron (0.75 mg on Day 1), aprepitant (125 mg aprepitant on Day 1, and 80 mg on Days 2 and 3), and olanzapine (5 mg on Days 1–4). The non-olanzapine 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 control was defined as no vomiting or retching, no rescue medication use, and no more than mild nausea (0 or 1 on a 4-grade categorical scale). Incomplete control was defined as not achieving complete control.[image: ]
Fig. 1Decision-analytic model for cost-utility analysis. The decision tree shows the four possible health states that a model patient can experience after receiving an antiemetic regimen. Olanzapine-containing regimen comprised dexamethasone, palonosetron, aprepitant, and olanzapine


Health state outcomes and probabilities
Health state outcomes were evaluated using quality-adjusted life year (QALY). The QALY in each treatment group was integrated according to the probability of the health state in the acute and delayed phases. In Japan, when conducting cost-effectiveness analysis, the use of preference-based measure (PBM) with a value set developed in Japan using time-trade off (TTO) (or mapped onto a TTO score) is recommended as the first choice [19]. The National Institute for Health and Care Excellence (NICE) in the United Kingdom (UK) recommends using the EuroQol 5 Dimension (EQ-5D) [20, 21]. For these reasons, we set the utility value measured by EQ-5D in Japan for our analysis. Utility values of 0.827 for complete control and 0.605 for incomplete control were set. The utility values for complete control and incomplete control were based on Hirose et al., who evaluated the QOL of patients receiving chemotherapy in an outpatient setting using the EQ-5D 5-level (EQ-5D-5L) [22]. Hirose et al. reported a utility value of 0.827 for patients receiving outpatient chemotherapy and a utility value of 0.605 for patients with grade 2 or higher nausea. If drowsiness occurred, the utility value was assumed to decrease by 0.090 based on Hashimoto et al. [23]. Hashimoto et al. investigated the association between sleep disorder and QOL in Japanese patients with type 2 diabetes using EQ-5D-5L. Since no studies assessed the QOL of drowsiness with EQ-5D in cancer patients, we set the disutility due to drowsiness based on Hashimoto et al. They reported that the utility value for patients with daytime sleepiness was 0.73 and that for patients without daytime sleepiness was 0.82. In the J-FORCE study, the probability of drowsiness was reported to be higher for olanzapine, but the probability of daytime sleepiness was significantly higher only on day 1 [8]. Therefore, it was assumed that the utility values were reduced due to drowsiness only on Day 1. The health state probabilities and the probability of drowsiness were based on the J-FORCE study results (Table 1) [8]. The sum of the 5-day QALY was calculated using the following formula:[image: $$\mathrm{QALY}=\left(\left[\mathrm{PCA}\ast \mathrm{UCC}+\left(1-\mathrm{PCA}\right)\ast \mathrm{UIC}\right)\right]\ast 1\mathrm{d}+\left[\mathrm{PCD}\ast \mathrm{UCC}+\left(1-\mathrm{PCD}\right)\ast \mathrm{UIC}\right]\ast 4\mathrm{d}-\mathrm{PD}\ast \mathrm{DUD}\ast 1\mathrm{d}\Big)/365\mathrm{d}$$]




DUD: disutility due to drowsiness; PCA: the probability of complete control in the acute phase; PCD: the probability of complete control in delayed phase; PD: the probability of drowsiness; UCC: utility value of complete control; UIC: utility value of incomplete control; d: Day.
Table 1Utility values for model patient’s outcomes and health state probabilities in the model


	Parameters
	Base case
(Range for one-way sensitivity analysis)
	Distribution type for PSA
	Reference

	Utility weight

	Complete control
	0.827 (0.816 ~ 0.837)
	Beta (Mean = 0.827, SE = 0.006)
	[22]

	Incomplete control
	0.605 (0.454 ~ 0.756)
	Beta (Mean = 0.222, SE = 0.077)
	[22]

	Disutility due to drowsiness
	0.090 (0.050 ~ 0.120)
	Beta (Mean = 0.090, SE = 20% of base case)
	[23]

	Probabilities

	Complete control in acute phase in olanzapine regimen
	0.941 (0.911 ~ 0.963)
	Beta (α = 333, ß = 21)
	[8]

	Complete control in acute phase in non-olanzapine regimen
	0.880 (0.842 ~ 0.912)
	Beta (α = 309, ß = 42)
	[8]

	Complete control in delayed phase in olanzapine regimen
	0.780 (0.733 ~ 0.822)
	Beta (α = 276, ß = 78)
	[8]

	Complete control in delayed phase in non-olanzapine regimen
	0.635 (0.583 ~ 0.686)
	Beta (α = 223, ß = 128)
	[8]

	Drowsiness in olanzapine regimen
	0.430 (0.380 ~ 0.480)
	Beta (α = 153, ß = 202)
	[8]

	Drowsiness in non-olanzapine regimen
	0.330 (0.280 ~ 0.380)
	Beta (α = 116, ß = 235)
	[8]


PSA Probabilistic sensitivity analysis



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 (NHI) Drug Price Standard listed in 2021 (Table 2). Since generics have been approved for aprepitant and palonosetron, the NHI prices for generics were set. Although generic olanzapine has also been approved, in order to clarify whether the branded type is cost-effective, the base-case analysis was conducted using the branded price, and the analysis was also conducted using the generic price. The rescue treatment cost was set at 833.8 JPY for incomplete control in the acute phase, regardless of the health state of the delayed phase. If there was complete control in the acute phase but incomplete control in the delayed phase, it was set at 286.5 JPY. In the TRIPLE study comparing the efficacy of palonosetron and granisetron [25], Shimizu et al. reported a rescue treatment cost of 833.8 JPY for patients in the palonosetron group who did not achieve complete response (non-CR) in the acute phase and 286.5 JPY for patients with CR in the acute phase but non-CR in the delayed phase [24]. Since the J-FORCE study was conducted in an inpatient setting and the period of analysis in this study was five days, we did not include additional hospitalization costs because we assumed that hospitalization costs would be the same for both groups. Indirect costs were not included because the analysis was performed from the perspective of the Japanese healthcare payer, as described later. The sum of the 5-day cost was calculated using the following formula:[image: $$\mathrm{Cost}=\mathrm{CAR}+\left(1-\mathrm{PCA}\right)\ast \mathrm{CRA}+\mathrm{PCA}\ast \left(1-\mathrm{PCD}\right)\ast \mathrm{CRD}$$]




CAR: Cost of prophylactic antiemetic regimen; CRA: Cost of rescue treatments incomplete control in the acute phase; CRD: Cost of rescue treatments complete control in the acute phase but incomplete control in the delayed phase.  
Table 2Costs of drugs and rescue treatment


	Study drug costs
	Cost (JPY)
(Range for one-way sensitivity analysis)
	Distribution type for PSA
	Reference

	Olanzapine 5.0 mg (oral)
	150.4 (28.9 ~ 150.4)
	Did not vary
	NHI price list

	Aprepitant 125 mg (oral)
	1659.4
	Did not vary
	NHI price list

	Aprepitant 80 mg (oral)
	1125.0
	Did not vary
	NHI price list

	Palonosetron 0.75 mg (intravenous)
	5349.0
	Did not vary
	NHI price list

	Dexamethasone 4.0 mg (oral)
	29.9
	Did not vary
	NHI price list

	Non-olanzapine regimen
(APR + PALO + DEX)
	9527.5
	Did not vary
	NHI price list

	Olanzapine regimen
(OLA + APR + PALO + DEX)
	10,129.1 (9643.1 ~ 10,129.1)
	Did not vary
	NHI price list

	Rescue treatments
(IC for acute phase)
	833.8 (167.1 ~ 1500.5)
	Normal
(Mean = 833.8, SE = 340.1)
	[24]

	Rescue treatments
(CC for acute phase, IC for delayed phase)
	286.5 (97.3 ~ 475.7)
	Normal
(Mean = 286.5, SE = 96.5)
	[24]


Non-olanzapine 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
APR aprepitant, CC complete control, CI confidence interval, DEX dexamethasone, IC incomplete control, JPY Japanese Yen, NHI National Health Insurance, OLA olanzapine, PALO palonosetron, PSA probabilistic sensitivity analysis



Base-case analysis
The primary outcomes were the expected costs and expected gained QALY. The analysis period was set at five days. 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). The incremental cost-effectiveness ratio (ICER) was calculated. The willingness-to-pay (WTP) threshold was set at 5 million JPY per QALY gained defined by Shiroiwa et al. [26]. The ICER was calculated using the following formula:

[image: $$ICER\;(JPY/QALY)\;=\;(cost\;of\;olanzapine\;regimen-cost\;of\;non-olanzapine\;regimen)/(QALY\;of\;olanzapine\;regimen-QALY\;of\;non-olanzapine\;regimen)$$]




In the base-case analysis, ICER was calculated using the branded price of olanzapine. In addition, ICER was also calculated using the generic price of olanzapine.
One-way sensitivity analysis
A one-way sensitivity analysis was conducted to examine the influence of each parameter on the model. The drug price of olanzapine per 5 mg was varied from 28.9 JPY, the drug price of the generic, to 150.4 JPY, the drug price of the branded. The rescue treatment cost was varied within the 95% confidence interval (CI), calculated based on the cost reported by Shimizu et al. using the following formula assuming a normal distribution:[image: $$95\%\mathrm{CI}=\mathrm{Mean}\pm 1.96\times \frac{\mathrm{SD}}{\sqrt{\mathrm{n}}}\ \left(\mathrm{SD}:\mathrm{standard}\ \mathrm{deviation};\mathrm{n}:\mathrm{sample}\ \mathrm{size}\right)$$]




The health state, drowsiness probabilities, and disutility due to drowsiness varied within the 95%CI [8, 23]. The utility values for complete control and incomplete control were varied within the 95%CI assuming a beta distribution. The 95% CI of the beta distribution was calculated by EZR after the following formula calculated the standard error [27].[image: $$\mathrm{SE}=\kern0.5em \sqrt{Mean\kern0.5em \left(1- Mean\right)/n}\ \left(\mathrm{SE}:\mathrm{standard}\ \mathrm{error};\mathrm{n}:\mathrm{sample}\ \mathrm{size}\right)$$]




EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan) is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). More precisely, it is a modified version of R commander designed to add statistical functions frequently used in biostatistics [28].
The beta distribution was applied because utility values can take values between 0 and 1 (values below zero are possible, but seldom observed) and because it has been widely used in economic evaluation of the distribution of utility values [27]. Threshold analysis was conducted to determine the cost of olanzapine that would make the ICER equivalent to the WTP. In addition, values equal to WTP were calculated for parameters for which ICER exceeded WTP in the one-way sensitivity analysis.
Probabilistic sensitivity analysis
A probabilistic sensitivity analysis (PSA) was conducted to evaluate the robustness of the base-case analysis. A Monte Carlo simulation was conducted for 10,000 iterations of each comparison. The type of distribution of each parameter for the PSA is shown in Table 2. A beta distribution was applied to the utility values and health state probabilities. A beta distribution is a type of distribution that takes values between 0 and 1, and its mean and SD are expressed by the following formula:[image: $$\mathrm{Mean}=\kern0.5em \frac{\alpha }{\alpha +\beta },\mathrm{SD}=\kern0.5em \sqrt{\frac{\alpha \beta}{{\left(\alpha +\beta \right)}^2\left(\alpha +\beta +1\right)}}\left(\alpha :\mathrm{number}\ \mathrm{of}\ \mathrm{events};\beta :\mathrm{number}\ \mathrm{of}\ \mathrm{non}-\mathrm{events}\right)$$]




For utility values, SE values were set to the SD of the beta distribution to vary the population means. The SE of disutility due to drowsiness was assumed to be 20% of the base case because the SD and SE were not reported.
Results
Base-case analysis
The cost was 10,238 JPY in the olanzapine regimen and 9719 JPY in the non-olanzapine regimen. The QALY gained were 0.01065 QALYs in the olanzapine regimen and 0.01029 QALYs in the non-olanzapine regimen. The incremental cost of the olanzapine regimen relative to the non-olanzapine regimen was 519 JPY, and the incremental QALYs were 0.00036 QALY, resulting in an ICER of 1,428,675 JPY per QALY gained. This value was below the WTP, and according to the base case analysis, the olanzapine regimen was more cost-effective than the non-olanzapine regimen. When using the generic olanzapine, the cost in the olanzapine regimen and an ICER were decreased to 9752 JPY, and 90,059 JPY per QALY gained, respectively.
One-way 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 utility value of incomplete control, followed by the utility value of complete control, the probability of delayed complete control in non-olanzapine, and the probability of delayed complete control in olanzapine (Fig. 2). The drug price of olanzapine per 5 mg with ICER equal to WTP was 475 JPY. The parameter that exceeded WTP over the varied range was the utility value of incomplete control, with ICER and WTP equal at 0.754.[image: ]
Fig. 2The result of one-way sensitivity analysis. One-way sensitivity analysis represents the influence of each parameter on the model. ICER, incremental cost-effectiveness ratio; JPY: Japanese Yen; QALY, quality-adjusted life-year


Probabilistic sensitivity analysis
The PSA results are shown in a scatter plot (Fig. 3). The PSA revealed the probability that the ICER was below the WTP, and the incremental QALYs was positive was 96.2%. Based on the cost-acceptability curve, this probability was almost equal for the olanzapine and the non-olanzapine regimen when the WTP threshold was set at 1.5 million JPY (Fig. 4).[image: ]
Fig. 3Scatter plot showing results of probabilistic sensitivity analysis. In the Scatter plot, a point that exists to the lower right of the WTP threshold and has positive incremental effectiveness is cost-effective. ICER, incremental cost-effectiveness ratio; JPY, Japanese Yen, QALY, quality-adjusted life year; WTP, willingness-to-pay

[image: ]
Fig. 4Cost-effectiveness acceptability curve. JPY, Japanese Yen, QALY, quality-adjusted life year; WTP, willingness-to-pay


Discussion
To the best of our knowledge, this was the first report to evaluate the cost-effectiveness of olanzapine in a four-drug antiemetic regimen in Japan. Since cost-effectiveness was shown for both branded and generic, olanzapine in a four-drug antiemetic regimen is considered cost-effective. The most significant difference from the previous cost-effectiveness analysis of antiemetic drugs is that the utility value is based on the EQ-5D of the Japanese population. For this reason, the utility value for incomplete control in the base-case analysis was set at 0.605, which is very different from the utility values set by many studies in the past (0.20 or 0.27) [12–17]. The utility value differs significantly depending on the country, disease, and scale used for measurement. The value of 0.20 and 0.27 values are based on the results of the visual analog scale (VAS) evaluation of nausea alone and differ significantly from EQ-5D, Health Utilities Index-8 (HUI-8), and Short form 6 dimension (SF-6D), which evaluate QOL comprehensively using multiple dimensions. Therefore, the utility value of incomplete response may be underestimated, and the incremental QALYs may be overestimated when analyzed using the utility value evaluated by VAS. 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 [17]. 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 incremental QALY of 0.0005. In Japan, there have been several reports examining the cost-effectiveness of aprepitant and palonosetron [13, 15, 16]. Kashiwa et al. reported the cost-effectiveness of palonosetron in cisplatin-containing HEC regimens based on the TRIPLE study results conducted in Japan [14, 25]; the incremental effect of palonosetron was 0.000645 QALYs. Tsukiyama et al. reported that the incremental effect of aprepitant was 0.016 QALYs [16]. Compared to these previous studies, the incremental effect of our study was much smaller at 0.00036 QALYs. This may be the difference in the utility value of incomplete control. NICE in the UK recommends using EQ-5D to measure utility values during cost-effectiveness analysis because it is a standardized measure validated in many patients. The Central Social Insurance Medical Council of Japan guidelines state that cost-effectiveness analysis can only be used with patient PBM such as EQ-5D, HUI, and SF-6D. In addition, EQ-5D is one currently available measure for which a scoring algorithm has been developed in Japan. For these reasons, it is reasonable that we used the utility value calculated by EQ-5D for Japanese subjects in this study.
Chow et al. reported that the olanzapine regimen was dominant to the non-olanzapine regimen based on US drug prices [18]. Chow et al. set the cost of uncontrolled CINV at 1883 USD (147,670 JPY) based on the report of Shih et al. conducted in the US from 1997 to 2002 [29], which differs significantly from the cost of rescue treatment of our study. The report by Shih et al. calculates the additional cost per month based on the 1997–2002 Medstat MarketScan Health and Productivity Management database, a large, nationwide, employment-based database collected from approximately 45 large employers in the US and over 100 health insurance payers. Although the details of the additional costs are not described, the reasons for the difference may be that medical costs differ significantly between Japan and the US, and the data were obtained before aprepitant and palonosetron were launched in the US. In Japan, Hamada et al. reported that patients who experienced CINV had an additional 170 USD per course compared to those who did not [30]. However, we did not cite the additional costs reported by Hamada et al. in this study because of the following reasons: first, their data were from 2005 to 2007 before aprepitant and palonosetron were launched in Japan; second, most of the additional costs are additional drug medication costs, and the antiemetic drugs used have changed significantly since that time; third, the cost was per course of cisplatin, which differs from the 5 days of our observation period. Although we set the rescue treatment cost based on the report by Shimizu et al. [24], since the TRIPLE study was conducted in 2011–2012 [25], we expect that the rescue treatment cost of Shimizu et al.’s report will be lower now that generics of granisetron, palonosetron, olanzapine, and aprepitant are available. However, the effect of the rescue treatment cost was small in the one-way sensitivity analysis, and even if the rescue treatment cost was smaller, the ICER was below the WTP threshold, suggesting that the rescue treatment cost had little effect on the results.
Chow et al. and Chanthawong et al. did not include adverse events of olanzapine in their model, whereas we accounted for disutility due to drowsiness [17, 18]; nevertheless, the result was similar. The disutility due to drowsiness in this study was based on QOL values for Japanese patients with type 2 diabetes [23], not cancer patients. However, since the effects of drowsiness and disutility due to drowsiness were small in the one-way sensitivity analysis, the effects of drowsiness and disutility on the results of this study were also small. Since the disutility value of drowsiness, which appeared most frequently, had little effect on the results, the impact of adverse effects other than drowsiness on the results were considered to be small. The use of antiemetics can lead to hospitalization for drug-induced adverse events such as paralytic ileus. In the J-FORCE study, one case of Grade 3 constipation was reported [8]. However, since the probability is minimal (1/355) and our study was conducted in an inpatient setting, the effect of not including additional hospitalization costs is likely to be small.
This study had some limitations. First, the utility values could not be used directly measured in the J-FORCE study. In addition, the J-FORCE study was conducted in an inpatient setting, whereas the Hirose et al. report we cited was in an outpatient setting [8, 22]. However, we believe that we could obtain reliable results because the utility values were set based on EQ-5D measured in Japan as recommended by domestic and international guidelines, not based on overseas VAS as in previous reports [12–17]. In addition, more than 95% of the J-FORCE study patients had an ECOG-PS of 0 or 1 and were in good performance status. The reason the J-FORCE study was conducted in an inpatient setting may have been to evaluate efficacy and safety. For these reasons, it is believed that there is a certain validity in using utility values for patients in the outpatient setting in this study’s analysis. However, based on the findings of this study that utility values have a significant impact on ICER, it is clearly desirable to set utility values that are directly evaluated in clinical trials. Second, the range of values for complete response in the sensitivity analysis may be narrow. The reason for the narrow range is that the Hirose et al. study was a large investigation of 1008 patients with 4695 QOL surveys (40 surveys for patients with grade 2 or higher nausea), and the 95% CIs were calculated with high precision [22]. However, utility values have been reported to vary among cancer types and patient ethnicities (e.g., 0.62 for Chinese colorectal cancer patients and 0.90 for UK prostate cancer patients [31, 32]), and if only a single study is included, the uncertainty may be underestimated. However, it is the difference between the utility value of complete and incomplete response that affects the ICER, and we had set the utility value for incomplete response over a sufficiently wide range. The PSA showed that despite the wide range of utility value of incomplete response, the probability of ICER being below WTP was high at 96.2%. Therefore, we believe that the range of variation in the baseline utility values has a small impact on the study’s conclusions. Third, the study was conducted in an inpatient setting. However, if the study is conducted under outpatient setting, additional hospital visits and hospitalization costs may be incurred when CINV appears. In fact, taking these effects into account, Tsukiyama et al. reported that aprepitant was more cost-effective in the outpatient setting than in the inpatient setting [16]. Furthermore, if the opportunity for additional hospital visits can be reduced by control of CINV, there will be advantages in terms of indirect costs, such as loss of productivity due to missed work and reduced hospital visit costs. From these perspectives, olanzapine, which showed excellent cost-effectiveness in the inpatient condition, is also considered cost-effective in the outpatient setting. Fourth, the analysis period was short, at only five days; an even longer period could be considered, such as one year. The rationale for setting the observation period to five days is as follows: first, prophylactic antiemetic therapy has not been proven to improve long-term QOL or prolong survival. Second, the efficacy of olanzapine in clinical trials, including the J-FORCE study, was evaluated for only five days in the first course. If CIVN prophylaxis improves long-term outcomes, the gained QALY will be even greater than this study; however, the conclusion that olanzapine is highly cost-effective remains unchanged. In the future, we hope that the impact of CINV on long-term outcomes will be clarified.
Conclusions
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.
Acknowledgements
Not applicable.

Authors’ contributions
All authors were involved in the design of the study. YK and HT coordinated the study. YK, TT, and HT drafted the manuscript. YK, TS, JK, TM, and YM performed the data analyses. All authors critically revised the manuscript and read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Bloechl-Daum B, Deuson RR, Mavros P, Hansen M, Herrstedt J. Delayed nausea and vomiting continue to reduce patients' quality of life after highly and moderately emetogenic chemotherapy despite antiemetic treatment. J Clin Oncol. 2006;24:4472–8.Crossref

	2.
Hesketh PJ, Kris MG, Basch E, Bohlke K, Barbour SY, Clark-Snow RA, et al. Antiemetics: ASCO Guideline Update. J Clin Oncol. 2020;38:2782–97.Crossref

	3.
Roila F, Molassiotis A, Herrstedt J, Aapro M, Gralla RJ, Bruera E, et al. 2016 MASCC and ESMO guideline update for the prevention of chemotherapy- and radiotherapy-induced nausea and vomiting and of nausea and vomiting in advanced cancer patients. Ann Oncol. 2016;27:v119–v33.Crossref

	4.
NCCN. NCCN practice guidelines in oncology. Antiemesis 2021 ver. 1. 2021. https://​www.​nccn.​org/​professionals/​physician_​gls/​pdf/​antiemesis.​pdf. Accessed 22 Oct 2021.

	5.
Aogi K, Takeuchi H, Saeki T, Aiba K, Tamura K, Iino K, et al. Optimizing antiemetic treatment for chemotherapy-induced nausea and vomiting in Japan: Update summary of the 2015 Japan Society of Clinical Oncology Clinical Practice Guidelines for Antiemesis. Int J Clin Oncol. 2021;26:1–17.Crossref

	6.
Bymaster FP, Calligaro DO, Falcone JF, Marsh RD, Moore NA, Tye NC, et al. Radioreceptor binding profile of the atypical antipsychotic olanzapine. Neuropsychopharmacology. 1996;14:87–96.Crossref

	7.
Clemmons AB, Orr J, Andrick B, Gandhi A, Sportes C, DeRemer D. Randomized, placebo-controlled, phase III trial of fosaprepitant, ondansetron, dexamethasone (FOND) versus FOND plus olanzapine (FOND-O) for the prevention of chemotherapy-induced nausea and vomiting in patients with hematologic malignancies receiving highly emetogenic chemotherapy and hematopoietic cell transplantation regimens: the FOND-O trial. Biol Blood Marrow Transplant. 2018;24:2065–71.Crossref

	8.
Hashimoto H, Abe M, Tokuyama O, Mizutani H, Uchitomi Y, Yamaguchi T, et al. Olanzapine 5 mg plus standard antiemetic therapy for the prevention of chemotherapy-induced nausea and vomiting (J-FORCE): a multicentre, randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol. 2020;21:242–9.Crossref

	9.
Navari RM, Gray SE, Kerr AC. Olanzapine versus aprepitant for the prevention of chemotherapy-induced nausea and vomiting: a randomized phase III trial. J Support Oncol. 2011;9:188–95.Crossref

	10.
Navari RM, Qin R, Ruddy KJ, Liu H, Powell SF, Bajaj M, et al. Olanzapine for the prevention of chemotherapy-induced nausea and vomiting. N Engl J Med. 2016;375:134–42.Crossref

	11.
Tienchaiananda P, Nipondhkit W, Maneenil K, Sa-Nguansai S, Payapwattanawong S, Laohavinij S, et al. A randomized, double-blind, placebo-controlled study evaluating the efficacy of combination olanzapine, ondansetron and dexamethasone for prevention of chemotherapy-induced nausea and vomiting in patients receiving doxorubicin plus cyclophosphamide. Ann Palliat Med. 2019;8:372–80.Crossref

	12.
Humphreys S, Pellissier J, Jones A. Cost-effectiveness of an aprepitant regimen for prevention of chemotherapy-induced nausea and vomiting in patients with breast cancer in the UK. Cancer Manag Res. 2013;5:215–24.Crossref

	13.
Kashiwa M, Matsushita R. Comparative cost-utility analysis between aprepitant- and fosaprepitant-containing regimens to prevent chemotherapy-induced nausea and vomiting in patients receiving highly emetogenic chemotherapy in Japan. Clin Ther. 2019;41:929–42.Crossref

	14.
Kashiwa M, Matsushita R. Cost-utility analysis of palonosetron in the antiemetic regimen for cisplatin-containing highly emetogenic chemotherapy in Japan. BMC Health Serv Res. 2019;19:438.Crossref

	15.
Tsukiyama I, Ando M, Tsukiyama S, Takeuchi M, Ejiri M, Kurose Y, et al. Cost-utility analysis of aprepitant for patients who truly need it in Japan. Support Care Cancer. 2019;27:3749–58.Crossref

	16.
Tsukiyama I, Hasegawa S, Ikeda Y, Takeuchi M, Tsukiyama S, Kurose Y, et al. Cost-effectiveness of aprepitant in Japanese patients treated with cisplatin-containing highly emetogenic chemotherapy. Cancer Sci. 2018;109:2881–8.Crossref

	17.
Chanthawong S, Lim YH, Subongkot S, Chan A, Andalusia R, Ahmad Bustamam RS, et al. Cost-effectiveness analysis of olanzapine-containing antiemetic therapy for managing highly emetogenic chemotherapy in Southeast Asia: a multinational study. Support Care Cancer. 2019;27:1109–19.Crossref

	18.
Chow R, Chiu L, Herrstedt J, Aapro M, Lock M, DeAngelis C, et al. Cost-effectiveness analysis of olanzapine-containing antiemetic therapy for the prophylaxis of chemotherapy-induced nausea and vomiting (CINV) in highly emetogenic chemotherapy (HEC) patients. Support Care Cancer. 2021;29:4269–75.Crossref

	19.
C2H. Guideline for Preparing Cost-Effectiveness Evaluation to the Central Social Insurance Medical Council. 2019. https://​c2h.​niph.​go.​jp/​tools/​guideline/​guideline_​en.​pdf. Accessed 22 Feb 2022.

	20.
NICE. Guide to the methods of technological appraisal. Ref: N0514. 2004. https://​assets.​publishing.​service.​gov.​uk/​government/​uploads/​system/​uploads/​attachment_​data/​file/​191504/​NICE_​guide_​to_​the_​methods_​of_​technology_​appraisal.​pdf. Accessed 16 Jan 2022.

	21.
NICE. Guide to the methods of technological appraisal. Ref: N1618 2008. https://​heatinformatics.​com/​sites/​default/​files/​images-videosFileConten​t/​UK%20​NHS_​NICE%20​HTA%20​2008.​pdf. Accessed Jan 16 2022.

	22.
Hirose C, Fujii H, Iihara H, Ishihara M, Nawa-Nishigaki M, Kato-Hayashi H, et al. Real-world data of the association between quality of life using the EuroQol 5 Dimension 5 Level utility value and adverse events for outpatient cancer chemotherapy. Support Care Cancer. 2020;28:5943–52.Crossref

	23.
Hashimoto Y, Sakai R, Ikeda K, Fukui M. Association between sleep disorder and quality of life in patients with type 2 diabetes: a cross-sectional study. BMC Endocr Disord. 2020;20:98.Crossref

	24.
Shimizu H, Suzuki K, Uchikura T, Tsuji D, Yamanaka T, Hashimoto H, et al. Economic analysis of palonosetron versus granisetron in the standard triplet regimen for preventing chemotherapy-induced nausea and vomiting in patients receiving highly emetogenic chemotherapy in Japan (TRIPLE phase III trial). J Pharm Health Care Sci. 2018;4:31.Crossref

	25.
Suzuki K, Yamanaka T, Hashimoto H, Shimada Y, Arata K, Matsui R, et al. Randomized, double-blind, phase III trial of palonosetron versus granisetron in the triplet regimen for preventing chemotherapy-induced nausea and vomiting after highly emetogenic chemotherapy: TRIPLE study. Ann Oncol. 2016;27:1601–6.Crossref

	26.
Shiroiwa T, Sung YK, Fukuda T, Lang HC, Bae SC, Tsutani K. International survey on willingness-to-pay (WTP) for one additional QALY gained: what is the threshold of cost effectiveness? Health Econ. 2010;19:422–37.Crossref

	27.
Briggs A, Sculpher M, Claxton K. Decision modelling for health economic evaluation. New Delhi: Oxford University Press; 2018.

	28.
Kanda Y. Investigation of the freely available easy-to-use software 'EZR' for medical statistics. Bone Marrow Transplant. 2013;48:452–8.Crossref

	29.
Tina Shih YC, Xu Y, Elting LS. Costs of uncontrolled chemotherapy-induced nausea and vomiting among working-age cancer patients receiving highly or moderately emetogenic chemotherapy. Cancer. 2007;110:678–85.Crossref

	30.
Hamada S, Hinotsu S, Hori K, Furuse H, Oikawa T, Kawakami J, et al. The cost of antiemetic therapy for chemotherapy-induced nausea and vomiting in patients receiving platinum-containing regimens in daily practice in Japan: a retrospective study. Support Care Cancer. 2012;20:813–20.Crossref

	31.
Gavin AT, Donnelly D, Donnelly C, Drummond FJ, Morgan E, Gormley GJ, et al. Effect of investigation intensity and treatment differences on prostate cancer survivor's physical symptoms, psychological well-being and health-related quality of life: a two country cross-sectional study. BMJ Open. 2016;6:e012952.Crossref

	32.
Huang W, Yang J, Liu Y, Liu C, Zhang X, Fu W, et al. Assessing health-related quality of life of patients with colorectal cancer using EQ-5D-5L: a cross-sectional study in Heilongjiang of China. BMJ Open. 2018;8:e022711.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/40780_2022_246_Article_TeX_Equf.png
(a+p)° (a+pB+1)

(a : number of events; 5 : number of non — events)





OEBPS/navigation.xhtml

    
      Contents


      
        		Cost-effectiveness analysis of olanzapine in four-drug antiemetic therapy in Japanese patients treated with highly emetogenic cisplatin-containing chemotherapy


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40780_2022_246_Fig3_HTML.png
Incremental cost (JPY)

-0.0002

The WTP threshold
5 million JPY per QALY gained

700

400

300
]
I
1
200 |,
1
I
100 |!
1
I
I
I
0

0.0004 0.0006 0.0008 0.001
Incremental effectiveness (QALY)

0.0002

0.0012





OEBPS/images/40780_2022_246_Article_TeX_Equa.png
QALY = ([PCA % UCC + (1 — PCA) % UIC)] % 1d 4 [PCD % UCC + (1 — PCD) % UIC] % 4d — PD % DUD 1d> /365d





OEBPS/images/40780_2022_246_Article_TeX_Equb.png
Cost = CAR 4 (1 — PCA) x CRA 4+ PCA % (1 — PCD) « CRD





OEBPS/images/40780_2022_246_Article_TeX_Equc.png
ICER (JPY/QALY) = (cost of olanzapine regimen — cost of non — olanzapine regimen)/(QALY of olanzapine regimen — QALY of non — olanzapine regimen)





OEBPS/images/40780_2022_246_Article_TeX_Equd.png
SD
95%CI = Mean + 1.96 x — (SD : standard deviation; n : sample size)

V1





OEBPS/images/40780_2022_246_Article_TeX_Eque.png
SE = /Mean (1 — Mean) /n (SE : standard error;n : sample size)





OEBPS/css/envelope.png





OEBPS/images/40780_2022_246_Fig2_HTML.png
Utility value of incomplete control 0.454 | | ] 0.756

Cost of olanzapine (JPY) 289 11504

Probability of delayed complete control in non-olanzapine 0583 [ 0.686

Probability of delayed complete control in olanzapine 0.822 [ 0.733

Probability of acute complete control in non-olanzapine 0.842 [ 0.912

Probability of acute complete control in olanzapine 0.963 [ 0.911

Cost of acute incomplete control rescute treatment (JPY) 1500.5 [ 167.1

Utility value of complete control 0.837 [ 0.816

Cost of delayed incomplete control rescute treatment (JPY) 475.7[M 97.3

Probability of drowsiness in non-olanzapine 0.380 [ 0.280

Probability of drowsiness in olanzapine 0.380 [ 0.480

Disutility due to drowsiness 0.050 [l 0.120
r T T T T T )
0 1,000,000 2,000,000 3,000,000 4,000,000 5,000,000 6,000,000

ICER (JPY/QALY)





OEBPS/images/40780_2022_246_Fig1_HTML.png
|«— Acute phase —» |«—Delayed phase —»|

Complete control
Complete control
With =
4':[;)'&]“&() Incomplete control
Complete control
Incomplete control
O
Without Incomplete control
olanzapine

-===-Clone





OEBPS/css/sidebar.gif





OEBPS/images/40780_2022_246_Fig4_HTML.png
% lterations cost-effective

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

4
T —
0

ey 2 Seiun ainininl
P
ﬂ—‘—-

1,000,000 2,000,000 3,000,000 4,000,000 5,000,000
The willingness-to-pay threshold (JPY per QALY gained)

o —-——----0

,’ —i— Non-olanzapine regimen

--@--0Olanzapine regimen

6,000,000





