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A subgroup analysis of a randomized study demonstrated that patients with advanced or metastatic 
liposarcoma treated with eribulin had longer overall survival and progression-free survival compared to 
those treated with dacarbazine, suggesting eribulin as a therapeutic option for advanced liposarcoma. 
Therefore, this study aims to evaluate the cost-effectiveness of eribulin versus dacarbazine in the 
treatment of advanced liposarcoma. We established a 10-year Markov model to compare the cost-
effectiveness of eribulin and dacarbazine regimens. Clinical data were sourced from a subgroup 
analysis of a multicenter, randomized, open-label phase 3 trials. Quality-adjusted life years (QALYs), 
and incremental cost-effectiveness ratios (ICERs) were computed. The total cost of the dacarbazine 
scheme was $10,895.558, with a QALY of 0.533. In contrast, the total cost of the eribulin scheme was 
$16,961.891, with a QALY of 0.698. The ICER between the eribulin and dacarbazine schemes was 
$36,736.467, which is below the willingness-to-pay (WTP) threshold in China ($37,877.469). From the 
perspective of the Chinese healthcare system, eribulin is cost-effective compared to dacarbazine at the 
WTP threshold.
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Sarcomas represent rare solid tumors, accounting for approximately 1% of all adult malignancies. Around 80% 
of sarcomas originate from soft tissues, while the remaining 20% arise from bone1. Soft tissue sarcomas (STS) 
encompass over 50 histological subtypes but constitute less than 1% of all newly diagnosed malignancies in 
adults, contributing to approximately 2% of cancer-related mortality2,3. Following gastrointestinal stromal 
tumors, leiomyosarcoma and liposarcoma are the most common subtypes of STS4,5. Patients with advanced 
or metastatic STS have a poor prognosis, with an estimated median survival period of 12 to 15 months6,7. The 
Chinese Society of Clinical Oncology (CSCO) guidelines for the diagnosis and treatment of bone and soft tissue 
tumors state that trabectedin, eribulin, and dacarbazine are used to treat liposarcoma. However, the economics 
between the cost and efficacy of these drugs are not yet known.

Eribulin has demonstrated the ability to induce vascular remodeling, inhibit cancer cell migration and 
invasion, and reverse the epithelial-to-mesenchymal transition in numerous cancer cell lines8,9. It has been 
employed in the treatment of locally advanced or metastatic breast cancer patients who have previously received 
at least two chemotherapy regimens, including anthracyclines and taxanes10. In a non-randomized, phase 3 study 
involving patients with advanced STS, eribulin exhibited both activity and manageable tolerability1. Subgroup 
analysis of the study further showed that it exhibited more pronounced efficacy in the treatment of liposarcoma11. 
In the subgroup analysis of this study, there were 143 patients with liposarcoma (LPS), with 71 in the eribulin 
group and 72 in the dacarbazine group. In the LPS subgroup, treatment with eribulin significantly improved 
overall survival (OS) compared to dacarbazine, with a median OS of 15.6 months (95% CI, 10.2 to 18.6 months) 
in the eribulin group, versus 8.4 months (95% CI, 5.2 to 10.1 months) in the dacarbazine group. Progression-
free survival (PFS) was also significantly improved in the subgroup, with median PFS of 2.9 months in the 
eribulin group and 1.7 months in the dacarbazine group (HR, 0.521; 95% CI, 0.35 to 0.78; nominal P = 0.0015). 
These findings suggest that eribulin is an important treatment option for patients with liposarcoma. Based on 
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the findings of this study, the Food and Drug Administration (FDA) approved eribulin for the treatment of 
advanced liposarcoma patients who have failed anthracycline-based therapy.

However, the pricing of this new therapy is an important factor that must be considered in cancer treatment. 
The escalating costs of cancer treatment highlight the necessity of conducting cost-effectiveness analyses to 
enable policymakers to more effectively utilize limited resources12. In this study, our aim was to investigate 
the costs and effects of the eribulin regimen compared to the dacarbazine regimen in treating patients with 
advanced liposarcoma from the perspective of the Chinese healthcare system, using a ten-year Markov model. 
To our knowledge, this study represents the first cost-effectiveness comparison of eribulin and dacarbazine in 
the treatment of advanced liposarcoma.

Methods
Clinical data
The clinical data were sourced from a subgroup analysis of liposarcoma in a multicenter, randomized, open-label 
phase 3 trial targeting patients with histologically confirmed locally recurrent, locally advanced, or metastatic 
soft tissue sarcoma11. Eribulin mesylate was administered intravenously at a dose of 1.4 mg/m2 on days 1 and 8 
of a 21-day cycle. Dacarbazine was administered at doses of 850 mg/m2, 1000 mg/m2, or 1200 mg/m2, infused 
intravenously over 15–60 min on day 1 of a 21-day cycle. Clinical outcomes including PFS, OS, and Grade 3 
adverse events (AEs) are summarized in Table 1.

Model construction
We established a Markov model based on clinical trials to assess the clinical and economic outcomes of eribulin 
and dacarbazine in patients with advanced liposarcoma (Fig. 1a). The cycle length was three weeks, consistent 
with the treatment cycles in the clinical trial, with a horizon of ten years. We assumed an age of 55 years for all 
enrolled patients, which corresponds to the median age of the trial. Our model comprised three health states: 
PFS, progressive disease (PD) and death, as illustrated in Fig. 1b. We assumed all patients started in a stable 
state and received treatment with either eribulin or dacarbazine until disease progression or the occurrence of 
unacceptable AEs. Patients in a progressed state could receive subsequent treatments until death. Patients in 
both progressed and stable states faced a risk of death, transitioning from one state to another or remaining in 
the same state within a cycle.

The model outcomes included costs, QALYs and ICERs. According to the Guidelines for Pharmacoeconomic 
Evaluations in China, health utilities and costs were discounted annually at a rate of 5%13. The Markov model 
was programmed using TreeAge Pro 2011 (TreeAge Software, Williamstown, MA) and statistical analysis was 
conducted using R software (version 4.3.3, https://www.r-project.org).

Variables

Values

Eribulin Dacarbazine

Clinical efficacy (months)

 Median OS 15.6 8.4

 Median PFS 2.9 1.7

Adverse event

 Fatigue 1.4 0.0

 Nausea 1.4 0.0

 Pyrexia 0.0 1.4

 Anaemia 5.7 11.1

 Asthenia 2.9 4.2

 Peripheral sensory neuropathy 2.9 0.0

 Decreased appetite 1.4 2.8

 Abdominal pain 0.0 2.8

 Vomiting 0.0 1.4

 Diarrhoea 1.4 2.8

 Dyspnoea 1.4 0.0

 Back pain 2.9 0.0

 Peripheral oedema 0.0 1.4

 Urinary tract infection 4.3 1.4

Laboratory abnormality

 Neutropenia 27.1 15.3

 Hypokalaemia 2.9 2.8

 Leukopenia 10.0 2.8

 Thrombocytopenia 0.0 11.1

Table 1.  Clinical outcomes and most common AEs (≥ 3 grade).
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Model survival and transition probabilities
In each Markov cycle, the model reassigned patients to the three different health states based on transition 
probabilities. The transition probabilities between health states were derived from trial data. Kaplan-Meier 
survival curves for PFS and OS were digitized using Engauge Digitizer software to reconstruct individual patient 
data (IPD). The IPD was then reconstructed using R statistical software. Goodness-of-fit tests were conducted 
among survival distributions including Exponential, Gamma, Gompertz, Weibull, Log-logistic, and Log-normal 
curves. Ultimately, based on the Akaike information criterion and Schwarz Bayesian criterion, the Log-normal 
distribution was chosen to fit the PFS and OS survival models. Time-dependent probabilities of transitioning 
from PFS to PFS were computed based on the parameter model of the PFS curve, as described by the following 
formula.

Fig. 1.  Markov model of advanced liposarcoma. (a) Markov model for comparing two treatment strategies for 
advanced liposarcoma. (b) Three transitional health states.
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where ‘t’ represents the current cycle number in the Markov model. Table  2 presents the estimated model 
parameters. Figure 2 presents the curves for PFS and OS fitting for eribulin and dacarbazine regimens and the 
results of the survival curve simulation. Assuming a mortality rate of 7.37‰ from PFS to death, reflecting the 
natural mortality rate in China in 202214, a constant transition probability from PFS to death was computed 
using the method of diminishing life expectancy indices15. The parameter model of the OS curve was utilized to 
measure the overall mortality rate for each cycle. Subsequently, transition probabilities from PD state to PD state 
were calculated based on the natural mortality rate and overall mortality rate.

Costs
We calculated costs from the perspective of the Chinese healthcare system. All direct medical expenses considered 
include medication costs, AE management costs, examination fees, outpatient fees, and costs related to disease 
progression, as detailed in Table 3. Drug prices and laboratory testing data were sourced from the Zhejiang 
Provincial People’s Hospital. Medication costs were calculated by multiplying drug dosages. Hence, medication 
selection and dosage regimen were based on the opinions of Chinese clinical experts and followed prescription 
guidelines. For dosage calculations, we utilized the typical Chinese body surface area (BSA) of 1.72m216,17. Costs 
were converted to US dollars using the exchange rate from the Chinese National Bureau of Statistics for the year 
2023 (US$ 1.00 = ¥ 7.0774), based on the historical midpoint rate14. We set the World Health Organization’s 2023 
per capita gross domestic product (GDP) ($12,625.823) as the extremely cost-effective threshold and three times 
the per capita GDP ($37,877.469) as a cost-effective threshold, following WHO recommendations18,19.

Furthermore, the costs of managing AE (≥ 3 grades) were calculated by multiplying the reported incidence 
rates in clinical trials by the unit costs derived from published literature. Table 1 summarizes the incidence rates 
of each AE (≥ 3 grades), sourced from clinical trials. Management strategies for grade 3 AEs were based on 
expert opinions and clinical practice. The costs of treating AEs were calculated based on patient records from 
local hospitals.

Utilities
The mean health utility values obtained from published literature for stable and progressed states are 0.68 
and 0.42, respectively, assuming similar utility values for both groups post-progression20,21. Our analysis also 
accounts for the negative utility associated with treatment-related serious adverse events (SAEs), sourced from 
published literature22.

Sensitivity analysis
To assess the robustness of the model and address the uncertainty in estimated parameters, we conducted 
univariate sensitivity analysis and probabilistic sensitivity analysis (PSA). For the univariate sensitivity analysis, 
with the exception of the discount rate ranging from 0 to 8%, one variable was varied by ± 20% while holding 
other variables constant. This was done to ascertain the impact of each independent variable on the outcomes 
within a specified range. Tornado diagrams were used to display the results of the univariate sensitivity analysis.

For PSA, we performed 1,000 Monte Carlo simulations, sampling different values from statistical distributions 
(Beta distribution for utilities; Gamma distribution for costs)23. The results were utilized to generate cost-
effectiveness acceptability curves, indicating the probability of cost-effectiveness within the WTP threshold 
range. Additionally, further exploration was conducted at WTP levels corresponding to one or two times the per 
capita GDP. Table 3 illustrates the range of values and distribution types utilized in sensitivity analysis.

Results
Base case analysis
Table  4 presents the baseline scenario analysis results over a 10-year time horizon. The total cost for the 
dacarbazine regimen amounts to $10,895.558, yielding 0.533 QALYs, while the total cost for the eribulin regimen 
is $16,961.891, generating 0.698 QALYs. Relative to the dacarbazine regimen, eribulin incurs incremental costs 
and effectiveness of $6,066.333 and 0.165 QALYs, respectively. Consequently, the ICER of eribulin versus 
dacarbazine stands at $36,736.467 per QALY, which is below the WTP threshold. Thus, within the WTP 
threshold, eribulin demonstrate cost-effectiveness.

Parameter (standard error)

Log-normal survival model

 PFS of Eribulin regimen meanlog = 1.6202 (0.1166) sdlog = 0.9195 (0.0864)

 PFS of Dacarbazine regimen meanlog = 1.3343 (0.0755) sdlog = 0.8583 (0.0562)

 OS of Eribulin regimen meanlog = 2.929 (0.132) sdlog = 1.023 (0.106)

 OS of Dacarbazine regimen meanlog = 2.6304 (0.0887) sdlog = 1.0054 (0.0688)

Table 2.  Model parameters for PFS and OS.
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Sensitivity analysis
The results of the ICER sensitivity analysis comparing the eribulin group to the dacarbazine group are illustrated 
in Fig. 3. It is evident from this analysis that the cost of eribulin medication has the most significant impact on 
the model outcomes. Variations within the sensitivity analysis range have minimal influence on the ICER results, 
indicating the robustness of the model.

The cost-effectiveness scatterplot of the study group is depicted in Fig. 4a, where each point represents a 
simulated ICER value. The scatterplot is predominantly located in the first quadrant, indicating higher costs 
but favorable efficacy in the eribulin group compared to the dacarbazine group. Moreover, most of the scattered 

Fig. 2.  Kaplan Meier curves and parametric model fitting. (a) PFS for the original trial and model estimated 
data. (b) OS for the original trial and model estimated data.
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points are within the WTP threshold line. Consequently, eribulin treatment for patients with advanced 
liposarcoma has economic viability.

The WTP value directly impacts the determination of whether a treatment regimen is cost-effective. As 
observed from the cost-effectiveness acceptability curve (Fig.  4b), with an increase in the WTP value, the 
likelihood of eribulin being cost-effective also increases. When the threshold exceeds $36,736.5, the probability 
that eribulin is economically justified surpasses 50%. And when we reduced the cost price of eribulin and 
reintroduced the model, we found that the probability of eribulin being cost-effective in the WTP range was 
100% when the cost of eribulin drugs was reduced by about 30%.

Fig. 3.  The tornado plot shows the ICER of eribulin versus dacarbazine for different input parameters.

 

Treatment Total cost($) QALY Incremental cost ($) Incremental QALY ICER ($/QALY)

Dacarbazine 10895.558 0.533

Eribulin 16961.891 0.698 6066.333 0.165 36736.467

Table 4.  Results of base case analysis.

 

Variable Value Range Distribution References

Utilities

 Stable state 0.68 0.54 to 0.82 Beta 20,21

 Progressive state 0.42 0.34 to 0.50 Beta 20,21

 Disutility due to AEs (grade ≥ 3) 0.20 0.16 to 0.24 Beta 22

Costs per cycle, $

 Eribulin 615.48 492.38 to 738.58 Gamma Local charge

 Dacarbazine 164.63 131.70 to 197.56 Gamma Local charge

 Tests 193.96 155.17 to 232.75 Gamma Local charge

 Outpatient fees 6.36 5.09 to 7.63 Gamma Local charge

 Grade ≥ 3AEs in eribulin group 38.98 31.18 to 46.78 Gamma Local charge

 Grade ≥ 3AEs in dacarbazine group 152.71 122.17 to 183.25 Gamma Local charge

 Costs for progressive state 503.93 403.14 to 604.72 Gamma Local charge

Table 3.  Key parameters input in the model.
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Discussion
Soft tissue sarcoma is a heterogeneous malignant tumor, and its treatment is essentially palliative, aiming to delay 
tumor growth, preserve organ function, and reduce morbidity when progression and severe symptoms occur24. 
For patients with unresectable and non-curable STS, treatment typically involves cytotoxic chemotherapy, most 
commonly anthracycline-based (primarily doxorubicin) regimens and other chemotherapy drugs, such as 
dacarbazine, trabectedin, and eribulin25,26. Liposarcomas, which represent 20% of all adult sarcomas, are the 
most common histological type of malignant soft tissue tumors27. Currently, the main treatment options for 
liposarcoma include surgery and radiotherapy (RT). Recently, several chemotherapy agents targeting various LPS 
subtypes have been developed based on molecular genetic alterations, and these are at different stages of clinical 
trials. For chemotherapy agents that are already in use, such as dacarbazine, trabectedin, and eribulin, the cost of 
these medications is also a significant factor to consider. Therefore, it is essential to conduct pharmacoeconomic 
analyses of these chemotherapy treatments to balance economic burdens with health outcomes.

In a subgroup analysis study by George D Demetri et al., eribulin was shown to produce a longer OS 
and PFS than dacarbazine for liposarcoma11. We estimated that eribulin could result in higher QALYs, but 
its cost is higher. Hence, a comprehensive cost-effectiveness comparison between dacarbazine and eribulin is 

Fig. 4.  Probabilistic sensitivity analysis results. (a) Scatter plot of ICER between the eribulin and dacarbazine 
groups. (b) Cost-effectiveness acceptability curves of eribulin versus dacarbazine at different WTP thresholds.
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warranted. Utilizing clinical trial data, previously reported utility data, published cost estimates, and local costs, 
we compared the cost-effectiveness of eribulin and dacarbazine in treating advanced liposarcoma patients. The 
clinical trial reported 95% confidence intervals for both PFS and OS. Quality of life scores from the clinical trial 
showed no difference between the two groups; thus, the utility values for both groups are considered equivalent.

In this study, we conducted a model-based cost-effectiveness analysis of eribulin and dacarbazine as third-
line treatments for advanced liposarcoma in China. Based on our base-case analysis results, patients receiving 
eribulin treatment would gain an additional 0.165 QALYs at an additional cost of $6,066.333, resulting in an 
ICER of $36,736.467 per QALY gained. The Chinese Pharmacoeconomic Evaluation Guidelines suggest that 
if the ICER is below the per capita GDP, the additional cost of the new therapy is considered worthwhile; if 
the ICER falls between the per capita GDP and three times the per capita GDP, the additional cost of the new 
therapy is considered acceptable; if the ICER exceeds three times the per capita GDP, the additional cost of 
the new therapy is not justified13. The three times the per capita GDP threshold is the most commonly used 
cost-effectiveness threshold when evaluating new therapies in China28. In our analysis, the ICER for eribulin 
compared to dacarbazine was $36,736.467 per QALY gained, lower than three times the per capita GDP. 
Therefore, from the perspective of the Chinese Pharmacoeconomic Evaluation Guidelines, eribulin is cost-
effective for the treatment of advanced liposarcoma.

Economic evaluations of eribulin in the treatment of malignant tumors have been limited, with only a few 
studies reporting cost-effectiveness analyses of eribulin in treating metastatic breast cancer (MBC). Gabriel 
Tremblay et al. evaluated the cost-effectiveness of eribulin for MBC from the perspective of Spanish society29. 
The ICER for eribulin compared to capecitabine and vinorelbine was €35,149 per LY and €37,152 per QALY. In 
Spain, an ICER between €30,000 and €45,000 is reportedly reasonable. For eribulin, both ICERs fall within this 
range, suggesting that eribulin is a cost-effective treatment in both settings. This finding is consistent with our 
study results, suggesting that eribulin can improve patients’ health outcomes while allowing for more efficient 
utilization of financial resources. However, at present, the price of eribulin remains relatively high in China. 
If the cost of eribulin were to decrease by approximately 30%, it would become 100% cost-effective for the 
treatment of advanced liposarcoma in China.

However, our study has some limitations. Firstly, clinical data are derived from foreign trials, with the 
majority of enrolled patients being Caucasian, and a small proportion of Asians. This may slightly impact our 
results. This limitation is currently unavoidable, but the latest clinical data of advanced liposarcoma patients 
in the Chinese population may enhance accuracy in the future. Secondly, the clinical outcomes and costs in 
our study are obtained from the Chinese population, which may differ from other countries. Additionally, in 
actual clinical practice, many adjuvant therapies, such as traditional Chinese medicine and immunotherapy, 
can influence the total cost of cancer treatment. In recent years, the monopoly pattern of imported drugs in the 
Chinese pharmaceutical market has changed. Our study results provide valuable information for rational drug 
use, selecting specific drugs for patients, and informing decisions by government health policy makers.

Conclusion
We constructed a Markov model to explore the cost-effectiveness of eribulin and dacarbazine in the treatment 
of advanced liposarcoma patients from the perspective of Chinese society. Since the ICER is within three times 
the per capita GDP in China, eribulin treatment for advanced liposarcoma is considered cost-effective in the 
country. Furthermore, as the cost of eribulin continues to decrease, it would become highly cost-effective for the 
treatment of advanced liposarcoma in China.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.All data supporting the findings of this study are available within the paper. The 
mean health utility values obtained from published literature for stable and progressed states are 0.68 and 0.42, 
respectively, assuming similar utility values for both groups post-progression20-21. Example from: ​h​t​t​p​s​:​/​/​d​o​i​.​o​
r​g​/​1​0​.​3​7​4​7​/​c​o​.​2​1​.​1​8​9​9​​​​​, https://doi.org/10.1155/2018/6703963. Our analysis also accounts for the negative ​u​t​i​l​i​t​y 
associated with treatment-related serious adverse events (SAEs), sourced from published literature22. Example 
from: https://doi.org/10.1093/annonc/mdq339.
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