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Purpose: This study assesses the cost-effectiveness of rimegepant for the on-demand acute treatment of migraine in the Chinese population, focusing on headache relief within a 2 h timeframe. Utilizing data from Phase III clinical trials on rimegepant involving Asian populations, this analysis aims to provide essential insights for healthcare decision-making in the context of migraine management in China.

Patients and methods: Employing a decision tree model, this research evaluates the cost-effectiveness of rimegepant over a concise 2 h period, exclusively considering its direct market price of 219.00 CNY per dose for on-demand, single-use treatment upon approval in China. This model is based on pain relief outcomes from a clinical trial, categorizing health outcomes by the achievement of pain freedom and alleviation from the most bothersome symptom within two hours post-administration.

Results: The study unveils that rimegepant adds 0.0018 quality-adjusted life days (QALD) with an incremental cost-effectiveness ratio (ICER) of 122,166.07 CNY/QALD. Against a daily cost-effectiveness threshold derived from the 2023 per capita GDP of China (734.45 CNY/day), rimegepant falls short of proving its cost-effectiveness. A significant price reduction to approximately 1.32 CNY per dose is required for rimegepant to be considered cost-effective within this framework. Furthermore, a series of sensitivity analyses were conducted to validate the robustness of these results.

Conclusion: While rimegepant shows clinical efficacy in providing rapid relief from migraine symptoms, its current pricing exceeds the threshold for cost-effectiveness in the Chinese healthcare setting. This study underscores the need for price adjustments to enhance the accessibility and economic viability of new migraine treatments.
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Introduction

Migraine is a prevalent neurological condition characterized by recurrent, severe headaches that significantly impair the quality of life and productivity of those affected (1, 2). In China, the prevalence of migraine is estimated at 9.3%, affecting approximately 130 million people and placing substantial economic and societal burdens on the community (3, 4). The annual direct and indirect costs associated with migraine management exceed 299.4 billion Chinese Yuan (CNY), underscoring the significant economic impact of this condition (5, 6). In China, the current treatment landscape for the acute treatment of migraine primarily involves nonsteroidal anti-inflammatory drugs (NSAIDs, 69%), with ibuprofen being the most commonly used (37%), followed by aspirin (8%), opioids (7%), ergot alkaloids (6%), and triptans (3%) (7). Additionally, many individuals in China opt for herbal medicine to manage migraine symptoms.

Rimegepant, a calcitonin gene-related peptide (CGRP) receptor antagonist, is indicated for the acute treatment of migraine (8). Notably, it also reduces the frequency of migraine recurrences with repeated as-needed use. In the USA, EU, and UK, rimegepant is approved for both the acute treatment of migraine and the preventive treatment of episodic migraine (9, 10). In January 2024, the National Medical Products Administration approved rimegepant in China, but only for the acute treatment of migraine. This approval was based on clinical studies conducted in Asian populations, demonstrating its efficacy in the acute treatment of migraine (11). While studies in USA have shown rimegepant to be effective for the preventive treatment of episodic migraine (12, 13), ongoing research in Chinese populations is still needed to determine its preventive efficacy (11). Mid-term results from the study have been promising, indicating potential benefits in the preventive treatment of migraine for Chinese populations.

Despite its demonstrated efficacy, the accessibility of rimegepant is significantly hindered by its high cost, a critical barrier for the majority of Chinese patients seeking relief from migraine attacks. While Western countries have conducted several cost-effectiveness analyses focusing on the prophylactic use of rimegepant (14), which predominantly yielded negative outcomes due to the price of the drug, there remains a conspicuous void in research pertaining to its cost-effectiveness for the acute treatment of migraine, particularly within the Chinese healthcare landscape.

This study aims to conduct a comprehensive cost-effectiveness analysis of rimegepant for single-use, on-demand acute treatment of migraine among the Chinese demographic (15). By integrating data from clinical trials with the economic realities of the Chinese healthcare environment, this investigation seeks to provide essential insights for healthcare policy-making and decision-making. Beyond offering a novel perspective on patient care, this study aims to influence healthcare policy and the economic evaluation of new treatments, optimizing migraine management strategies in China and improving the lives of those afflicted by this debilitating condition.



Materials and methods


Overview

For this economic evaluation, Tree Age Pro software (version 2022, https://www.treeage.com/) was employed to develop the mathematical model that underpins our analysis. The primary aim of the study was to explore the economic and healthcare impacts of introducing rimegepant as an innovative therapeutic option for the on-demand acute treatment of migraine, in comparison to a placebo, specifically within the Chinese healthcare milieu.

Efficacy metrics, including the proportion of individuals achieving headache relief within 2 h, were derived from a targeted Phase III clinical trial within the Asian demographic (11) (ClinicalTrials.gov identifier: NCT04574362, henceforth referred to as the RMG-306 study), alongside a single-dose safety clinical trial (16) (Trial registration: China Center for Drug Evaluation, CTR20210569, henceforth referred to as the RMG-301 study). The reliance on publicly accessible data from these trials meant that our study was exempt from ethical review by the Clinical Ethics Committee of Jining First People’s Hospital, in accordance with the Measures for Ethical Review of Life Science and Medical Research Involving Humans (2023).

This economic analysis was structured to comply with the Chinese guidelines for pharmacoeconomic evaluations (2020) (17), closely adhering to the prescribed methodological framework and analytical standards established for pharmacoeconomic research in China.



Model construction

In our analysis, a decision tree model was deployed to specifically address the on-demand application of rimegepant for the acute treatment of migraine. This choice of model was predicated on its aptitude for accurately depicting the immediate treatment objectives inherent in migraine management, principally the rapid alleviation of symptoms.

In Figure 1, the constructed model identifies three principal health states: pain freedom, freedom from the most bothersome symptoms, and treatment ineffectiveness. For the initial two states, subdivisions were established to mirror the timing of symptom resolution, divided into 15-, 30-, 45-, 60-, 90-, and 120 min intervals post-administration. This segmentation reflects outcomes observed in the RMG-306 study. Based on findings from both the RMG-301 and RMG-306 studies, the incidence of adverse events associated with rimegepant was found to be comparable to that of the placebo group. As a result, our model does not delineate a separate health state for adverse events.

[image: Figure 1]

FIGURE 1
 Diagram of decision tree model. PF, pain freedom; FMBS, freedom from most bothersome symptom; TI, treatment ineffectiveness.


The scenario begins with patients experiencing a migraine, extending over a 2 h period to capture potential developments following the onset of the migraine. This duration reflects the choice between a single dose of rimegepant or a placebo, acknowledging the common tendency among Chinese patients to manage short-lived headache episodes without drug intervention. Owing to the brevity of the analysis period, the study foregoes the application of a discount rate.

Economic evaluation metrics were formulated in accordance with the Chinese pharmacoeconomic evaluation guidelines (2020). Focused on the evaluation of a 2 h acute episode, the willingness-to-pay (WTP) threshold was set at three times the daily-adjusted per capita GDP of China for 2023. Treatment efficacy was determined through the computation of cumulative costs, quality-adjusted life days (QALD), and the incremental cost-effectiveness ratio (ICER). A treatment is considered cost-effective if its ICER does not exceed the pre-defined WTP threshold.



Data and sources


Probabilities

The transition probabilities between health states in our model were directly extracted from the RMG-306 study data. The alignment of the health states within the model with the primary and secondary endpoints from the RMG-306 study eliminated the need for data conversion across different follow-up periods.

For the principal health states, occurrence rates were derived from the primary endpoints of the study. Specifically, probabilities for achieving pain freedom or freedom from the most bothersome symptoms 2 h post-administration of rimegepant or placebo were calculated by dividing the number of patients reporting these outcomes by the total number of participants in each respective group. Patients not reaching these states within the defined timeframe were classified under treatment ineffectiveness.

Further subdivisions within these principal states, aimed at capturing more specific timeframes, were based on the secondary outcomes of the study. For example, the probability of achieving pain freedom within 15 min was calculated by the ratio of patients achieving this outcome within 15 min to the total number of patients achieving pain freedom at the 2 hour mark within the same group. Similar calculations were applied for subsequent probability, ensuring the derivation of each minor probability of the state from its proportionate share of patients reaching the primary endpoint at two hours.

Table 1 presents an exhaustive overview of the numerical values of the probabilities and their corresponding mathematical distributions as inputted into our model.



TABLE 1 Probabilities between health states used in the model.
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Utilities

Due to the lack of direct quality of life research associated with the RMG-306 study for the acute treatment of migraine, the utility values for our study were sourced from existing cost-effectiveness analyses and the reports by the Institute for Clinical and Economic Review on migraine1 (18).

Originally, these utility values (19) were calculated based on the number of monthly headache days (MHD) to estimate quality-adjusted life years (QALYs). For the purpose of our study, which assesses the impact of a 2 h migraine episode, these values were proportionally adjusted to quality-adjusted life days (QALD). This adjustment involves translating the data from a 30 day basis to a 2 h period to reflect the impact on quality of life during migraine episodes. In addition, for the health state associated with achieving freedom from the most bothersome symptoms, the utility estimation was specifically adjusted by applying a factor of 0.87 to the utility value for the pain freedom state (18). Table 2 provides a detailed presentation of the utility values employed in our model, including their mathematical distributions.



TABLE 2 Utility values for health states.
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Cost

In our analysis, the drug costs are exclusively associated with the price of a single, on-demand dose of rimegepant, as the study does not consider the financial implications of adverse events. The standard dosage for rimegepant is set at 75 mg per administration, with a recommended limit of no more than one dose per day. Accordingly, our model includes the cost for one dose of rimegepant, reflecting its pricing strategy following its recent introduction to the Chinese market. Table 3 presents a detailed presentation of the cost data, including the average price, minimum price, maximum price, and standard deviation, along with the mathematical distribution for the price of rimegepant.



TABLE 3 Drug dose and costs.
[image: Table3]




Sensitivity analysis

To assess the stability and reliability of our model in the face of parameter uncertainties, we conducted both one-way deterministic sensitivity analysis (DSA) and probabilistic sensitivity analysis (PSA). The DSA explored how variations in each individual parameter influenced the overall cost-effectiveness outcomes of the model. Parameter ranges for the DSA were derived from existing literature where possible, or otherwise set to ±10% of the base-case values to account for potential fluctuations. The PSA, on the other hand, was implemented to examine the collective impact of multiple parameter changes on the cost-effectiveness findings. This comprehensive analysis was facilitated by conducting a Monte Carlo simulation with 100 iterations, producing a range of 100 ICER estimates for rimegepant compared to the control group. Detailed descriptions of the ranges and mathematical distributions applied to each parameter in both the DSA and PSA can be found in Tables 1–3.




Results


Base-case analysis

In our study, a 2 h assessment was carried out to compare the on-demand acute treatment efficacy of rimegepant for migraine against a placebo. The incremental effectiveness attributed to rimegepant was determined to be 0.0018 QALD, with rimegepant demonstrating an effectiveness of 0.0438 compared to 0.0420 for the placebo. The administration of rimegepant was associated with an incremental cost of 219.00 CNY, resulting in an ICER of 122,166.07 CNY/QALD. Compared to the WTP threshold, established at three times the daily-adjusted 2023 per capita GDP of China (734.45 CNY), the ICER for rimegepant substantially surpasses this threshold. Our analysis further indicated that for rimegepant to align with the defined WTP threshold, a price reduction to 1.32 CNY or less would be necessary. The detailed outcomes of our base-case analysis are meticulously cataloged in Table 4.



TABLE 4 Base case results.
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Sensitivity analyses

The results of the DSA are depicted in Figure 2, utilizing a tornado diagram. This diagram elucidates the impact of individual model parameter variations on the ICER. Notably, the transition probabilities to achieving freedom from the most bothersome symptoms within the rimegepant exerted the greatest influence on the ICER, followed by the utility value representing no improvement in migraine symptoms after a 2 h period. Additionally, the transition probabilities to achieving freedom from the most bothersome symptoms within the placebo emerged as the third most influential factor. Subsequently, the cost of rimegepant also significantly affected the ICER. It is worth noting that the stability of DSA results in our study may be attributed to the decrease in numerical values after utility value transformation to QALD in our research methodology. The expected value (EV) line, representing the base-case analysis outcome of 122,166.07 CNY/QALD, serves as a reference for the baseline result. Increases in model inputs are depicted by red bars, while decreases are indicated by blue bars, with each bar reflecting the ICER range derived from varying each parameter within set boundaries.

[image: Figure 2]

FIGURE 2
 Tornado diagram (deterministic sensitivity analysis results). ICER, incremental cost-effectiveness ratio; EV, expected value; CNY, Chinese Yuan; Prob, probabilities; MBS, most bothersome symptom; min, minutes; h, hours.


Figure 3 displays the cost-effectiveness acceptability curve, indicating the probability of rimegepant being cost-effective across various WTP thresholds. Notably, at a WTP threshold below 30,000 CNY, the likelihood of rimegepant being cost-effective is substantially low, with only a 18% probability at a WTP of 30,000 CNY, as opposed to 82% for the placebo. However, even as the WTP threshold rises, the probability of rimegepant being cost-effective witnesses only slight increases, reaching a mere 45% at a WTP of 100,000 CNY, while the probability for the placebo diminishes to 55%.

[image: Figure 3]

FIGURE 3
 Acceptability curve.


Moreover, Monte Carlo simulations depicted in Figure 4 offer further insights. Out of 100 simulations conducted at the current price of rimegepant, none achieved cost-effectiveness, with 44% indicating a complete absence of cost-effectiveness (i.e., increased costs with diminished effectiveness relative to the placebo). The remaining 56% of simulations resulted in ICER surpassing the established WTP threshold of 734.45 CNY.

[image: Figure 4]

FIGURE 4
 Scatter plot for rimegepant.





Discussion

Rimegepant has secured approval for migraine treatment and is recommended in migraine management guidelines in the United States (9), Europe (20), and China (15) albeit with its application in Chinese guidelines specifically confined to migraine management. It has been evaluated in several Phase III clinical trials internationally, addressing both treatment and prevention, and showing positive efficacy in populations across the United States (12, 13) and Asia (11), including China and Korea. Nonetheless, cost-effectiveness analyses from the U.S. perspective suggest the potential limitations of rimegepant in being cost-effective for migraine prevention, with its value for acute treatment also appearing comparatively lower (14).

Conducting a cost-effectiveness analysis of rimegepant for the treatment of migraine in China marks a novel and critical exploration, essential for appraising its financial feasibility within the Chinese healthcare landscape. Leveraging existing cost-effectiveness studies (14, 18) and quality of life research (21–23) on rimegepant, our study endeavors to bridge this gap, aiming to provide evidence-based treatment insights for migraine patients in China. Additionally, our investigation accounts for the correlation between Chinese per capita GDP and the costs associated with treatment, aiming to ensure that our findings are pragmatically relevant and regionally tailored.

Our study presents several key strengths. Firstly, the data on headache resolution rates within 2 h post-rimegepant administration, derived directly from the RMG-306 study—which specifically investigates migraine episodes among the Asian population—ensures an accurate depiction of real-world outcomes. Secondly, we employ an innovative approach to utility value estimation in the face of limited data availability. By adapting utility values, originally based on the number of MHD, to assess acute episodes within a concise 2 h timeframe, our study adeptly addresses the complexities involved in translating chronic condition utilities to the acute setting. Thirdly, although rimegepant has only recently been introduced to the Chinese market, leading to relatively stable pricing, our model anticipates potential future pricing variations by incorporating a 20% margin of variability in the cost rimegepant. Lastly, while our results concur with studies from the United States indicating that rimegepant lacks cost-effectiveness, our analysis goes further by determining a reference price point at which rimegepant could achieve cost-effectiveness within the Chinese context. Despite the stark contrast between our proposed price reference and the current pricing of rimegepant, it is important to note that in real-world scenarios, the majority of migraine patients often opt for transient endurance or choose to take a single dose of nonsteroidal anti-inflammatory drugs such as ibuprofen. Moreover, within the context of Chinese government-led centralized drug procurement policies, our suggested price reference remains practical and relevant.

Our study encounters several limitations that merit consideration. Firstly, our analysis is confined to the single, on-demand use scenario of rimegepant, not accounting for the recurrent nature of migraine attacks that many patients experience. Unlike its approval in Western countries for both acute and preventive treatment, rimegepant in China is only approved for the acute treatment of migraine. This limitation overlooks the long-term economic and clinical implications of repeated migraine episodes and the potential cumulative benefit of treatment. Given the high cost of rimegepant and its impact on patient compliance, our analysis, although based on a single intake, still holds significant reference value. Secondly, the innovative methodology of deriving utility values from the number of MHD to assess a 2 h episode migraine might not fully capture the nonlinear impact short-term events could have on quality of life. This adaptation, while practical in the absence of specific utility data, introduces a degree of speculation regarding the true quality of life impact during such episodes. Sensitivity analyses indicate that our method of handling utility data may contribute to model instability. However, this instability does not affect the ultimate negative findings. In both DSA and PSA, within the predefined parameter ranges and distributions, the current pricing of rimegepant does not demonstrate cost-effectiveness. Thirdly, the cost considerations in our model are narrowly focused on the price of rimegepant alone. Given the 2 h time frame of our study, we did not incorporate the broader economic losses attributed to ongoing migraine episodes, such as reduced productivity or additional healthcare utilization. Including these broader economic impacts could potentially shift the cost-effectiveness balance more favorably. Lastly, while rimegepant has been demonstrated to be safe with a low incidence of adverse events across multiple clinical trials (11–13), our model does not account for the occurrence of such events. The exclusion of adverse event considerations may skew our cost-effectiveness analysis, underestimating the true cost and overestimating the value associated with using rimegepant for the acute treatment of migraine.



Conclusion

Within the context of Chinese economic landscape and the current market pricing of rimegepant, our study conclusively finds that the on-demand, single-use of rimegepant for the acute treatment of migraine does not demonstrate cost-effectiveness. By highlighting the economic limitations of rimegepant application under its current pricing, our analysis underscores the need for price adjustments or alternative strategies to enhance its cost-effectiveness. Our findings could inform future revisions of treatment guidelines and healthcare policies, providing critical insights for healthcare decision-making concerning the acute treatment of migraine management in China.
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Pain freedom 30 min after dosing 00152 2 130 00417 3 6
Pain freedom 45 min after dosing 01136 15 n7 0.0694 5 67
Pain freedom 60 min after dosing 01742 2 109 02083 15 57
Pain freedom 90 min after dosing 02803 37 95 02500 18 54
Freedom from the MBS 15 min after dosing 02024 68 268 03112 75 166
Freedom from the MBS 30 min after dosing 01310 4 292 0.1037 2 216
Freedom from the MBS 45 min after dosing 0.1458 9 287 01411 3 207
Freedom from the MBS 60 min after dosing 01369 6 290 0.1369 £ 208
Freedom from the MBS 90 min after dosing 02054 6 267 0.1950 47 194

MBS, most bothersome symptom; min, minutes; h, hours. 1) Baseline values have been rounded to four decimal places. (2) In the deterministic sensitivity analysis (DSA), the upper and lower
imits were set t0 £10% of the base value. (3) In the probabilisti sensitivty analysis (PSA), the probabiltis were determined using the beta distribution values obtained from the specified «
and ff parameters.
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Health state Base value ow valu SD

Pain freedom 15 min after dosing 07573 07194 0.1662
Pain freedom 30 min after dosing* 0.6449 06127 0.2817
Pain freedom 45 min after dosing* 0.6764 0.6426 0.7102 0.2458
Pain freedom 60 min after dosing. 0.6420 0.6010 0.6741 0.2543
Pain freedom 90 min after dosing. 05916 05620 0.6212 0.2549
Pain freedom 120 min after dosing 05040 04789 05292 02835
Sustained pain in 2h 0.4400 03740 0.5020 0.2477

SD, standard deviation; min, minutes; b, hours. (1) I the PSA, the probabilties were determined using the beta distribution values obtained from the specified base value and SD parameters.
(2) *The higher health utiity value associated with pain freedom 45min after dosing compared to 30min is based on data from a referenced study. Despite its deviation from common
expectations, these values are reflective of the original dataset provided in the cited literature. (3) The data presented in this table represent unprocessed raw health utilty values (in QALY) for
headache occurrences. These values undergo transformation to QALD before being inputted into the research model
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CNY, Chinese Yuan; SD, standard deviation. (1) In the PSA, the probabilities were
determined using the Gamma distribution values obtained from the specified base value and
SD parameters. (2)* The SD of drug prices is derived from a comprehensive market survey
conducted within the local price market,
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ICER, incremental cost-cffectiveness ratio; CNY, Chinese Yuan; QALD, quality-adjusted life
days.
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ICER

Prob of freedom from the MBS in 2h for Rimegepant (0.5550-0.4541)
Utiity of sustained pain in 2h (0.3740-0.5020)

Prob of freedom from the MBS in 2h for Placebo (0.3218-0.3933)

Cost of Rimegepant (175.20-262.80 CNY)

Prob of pain freedom in 2h for Rimegepant (0.2180-0.1784)

Prob of freedom from the MBS 15 min for Placebo (0.2801-0.3423)
Prob of freedom from the MBS 15 min for Rimegepant (0.2226-0.1821)
Utiity of pain freedom 120 min after dosing (0.5292-0.4788)

Utiity of pain freedom 90 min after dosing (0.6212-0.5620)

Prob of pain freedom in 2h for Placebo (0.0961-0.1175)

Utiity of pain freedom 45 min after dosing (0.7102-0.6426)

Prob of freedom from the MBS 45 min for Rimegepant (0.1604-0.1313)
Utiity of pain freedom 60 min after dosing (0.6741-0.6010)

Prob of freedom from the MBS 60 min for Rimegepant (0.1506-0.1232)
Prob of freedom from the MBS 30 min for Rimegepant (0.1440-0.1179)
Prob of freedom from the MBS 90 min for Rimegepant (0.2259-0.1848)
Utiity of pain freedom 30 min after dosing (0.6771-0.6127)

Prob of freedom from the MBS 45 min for Placebo (0.1270-0.1552)
Prob of freedom from the MBS 60 min for Placebo (0.1232-0.1506)
Prob of freedom from the MBS 90 min for Placebo (0.1755-0.2145)
Prob of pain freedom 90 min for Rimegepant (0.3083-0.2523)

Prob of pain freedom 60 min for Rimegepant (0.1917-0.1568)

Prob of freedom from the MBS 30 min for Placebo (0.0934-0.1141)
Utiity of pain freedom 15 min after dosing (0.7194-0.7952)






