
Page 1/14

Analysis of Cost-Effectiveness of Trametinib Plus
Dabrafenib as First-Line Therapy for Metastatic
BRAF V600-Mutated Melanoma in China
Guojun Sun 

Zhejiang University of Technology
Jingwen Wang 

Zhejiang University of Technology
Xiaoying Zhou 

Zhejiang University of Technology
Zhichao Hu 

Zhejiang University of Technology
Zuojun Dong  (  jzd1970@zjut.edu.cn )

Zhejiang University of Technology

Research Article

Keywords: cost-effectiveness analysis, metastatic BRAF V600-mutated melanoma, dabrafenib,
trametinib, vemurafenib

Posted Date: October 1st, 2021

DOI: https://doi.org/10.21203/rs.3.rs-941944/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-941944/v1
mailto:jzd1970@zjut.edu.cn
https://doi.org/10.21203/rs.3.rs-941944/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/14

Abstract
Background: Treatment with trametinib plus dabrafenib for patients exhibiting metastatic BRAF V600-
mutated melanoma has been approved in China.

Method: We developed a Markov model to evaluate and compare the cost-effectiveness of trametinib
plus dabrafenib against vemurafenib. Information on clinical situations, the rate of adverse reactions,
follow-up treatments, and estimated transition probabilities were derived from the results of a clinical trial
that compared treatment with trametinib plus dabrafenib against vemurafenib alone. A one-way
sensitivity analysis and a probabilistic sensitivity analysis were conducted to assess the in�uence of
uncertainty on the key model.

Result: Treatment with trametinib plus dabrafenib for one patient in the treatment period was estimated
to cost CNY 332 294, and yield a total gain of 16.6 quality-adjusted life years (QALYs). Compared with
vemurafenib, treatment involving trametinib plus dabrafenib yielded additional 3.96 QALYs, resulting in a
unit cost-effectiveness of CNY 27 460 per QALY. Sensitivity analysis shows that the results are reliable.

Conclusion From the perspective of China's health system, applying China's per-capita GDP in 2020 as
the threshold of willingness-to-pay, it is cost-effective to treat metastatic melanoma patients exhibiting
BRAF V600 mutation with dabrafenib plus trametinib.

Introduction
Melanoma is a malignant tumor of melanocyte origin, characterized by high malignancy, high metastasis
rate, high mortality, and poor prognosis. The incidence of melanoma is not high in China, but it has been
on the rise in recent years. The number of new melanoma cases in 2020 around the world was 324 635,
and the number of deaths was 57 043. About 6700 new melanoma cases and up to 3200 deaths are
reported in China every year.1–3 Cutaneous melanoma is the predominant subtype in the west, but 66 %
of melanomas in Asia are limbal (43 %) and mucosal (23 %), which account for less than 5 % of the
subtypes in the West.4 Early-stage melanoma can be treated by surgical excision, but because of the
differences in growth location and uneven prevalence, the Asian melanoma population is more likely to
be in the middle to late stages at the time of diagnosis, with a �ve-year survival rate of only 5–10 %.5

Most melanoma patients have mutations of the BRAF gene in the MAPK signaling pathway, often
accompanied by the activation of targets such as B-Raf and MEK, so targeted therapy is one of the
important strategies for treating metastatic melanoma with BRAF mutations.6–8 About a quarter of
melanoma patients in China have BRAF mutations, which often indicate worse clinical outcomes.9 B-Raf
is a serine/threonine kinase, and BRAF mutations can regulate cell proliferation and survival through B-
Raf phosphorylation and the activation of MEK proteins (MEK1 and MEK2), thereby causing the
activation of the downstream MAPK kinase pathway. BRAF mutations may therefore be considered a
driver of cancer cell growth.10–11 In the past few years, drugs have been developed to inhibit the
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downstream mitogen-activated protein kinase (MAPK) cascade in melanoma cells. These targeted
therapies have had a substantial clinical impact on melanoma patients with BRAF mutations.

Vemurafenib is the �rst small molecule inhibitor of B-Raf approved by the FDA for the treatment of
unresectable or metastatic melanoma,12–14 and the NMPA approved the marketing of vemurafenib in
2017. Clinical studies have shown that in melanoma patients with BRAF V600 mutation, vemurafenib
improved overall and progression-free survival rates. Although vemurafenib monotherapy has achieved
good results in comparison to chemotherapy,15–16 there are some problems, such as secondary
resistance in 50 % of the patients, which may be related to the reactivation of the MAPK pathway or the
activation of bypass signaling pathways (e.g., PI3K/AKT/mTOR).17 MEK—a downstream protein of B-Raf
—and B-Raf inhibitors in combination with MEK inhibitors may delay resistance and reduce adverse
effects. In a large phase III randomized controlled trial (RCT),18 trametinib plus dabrafenib (TRAM+DAB)
combination therapy was compared with vemurafenib (VEM) monotherapy. In patients with BRAF V600-
mutated melanoma, compared to VEM monotherapy—progression-free survival (PFS) of 7.3 months and
overall survival (OS) of 17.2 months—the TRAM+DAB combination therapy signi�cantly improved the
PFS (11.4 months) and OS (median OS not reached), and overall toxicity was not increased.

The cost-effectiveness of the TRAM+DAB strategy and VEM monotherapy for melanoma in China has not
previously been evaluated in studies. The aim of this research was to assess the cost-effectiveness of
VEM monotherapy versus the TRAM+DAB strategy as �rst-line treatment for patients with metastatic
unresectable melanoma in China, based on direct evidence provided in the clinical trial of Robert et al.18

Methods

Study Population
We used data from a published phase III RCT of patients with V600-mutated melanoma, in which the
patients were randomized to receive as �rst-line treatment either trametinib plus dabrafenib or
vemurafenib alone.18 In this trial, the median follow-up time of the TRAM+DAB combination treatment
group and the VEM monotherapy group were 11 months and 10 months, respectively. The median age of
the patients was 55 years for the TRAM+DAB treatment and 54 years for the VEM monotherapy. 

Markov Model
A Markov model was established using TreeAge Pro 2011 to estimate the clinical and economic
outcomes of vemurafenib and of trametinib plus dabrafenib. The Markov model consists of three states:
PFS, progressive disease (PD), and death (D; Figure 1). Cycle lengths were 4 weeks, and the time horizon
was lifetime. All patients were in the PFS state initially and could experience PD or D. They were
randomized to receive either vemurafenib or trametinib plus dabrafenib orally until disease progression.
Some patients chose to continue taking the study medication after the disease progression.
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The primary model outcomes were the utility and cost of the two treatment modalities, with utility
expressed in quality-adjusted life years (QALYs), while the ICER was used to express the cost per QALY
gained. Effects on the incremental cost-effectiveness ratio (ICER) were assessed, with discounting for
costs and effects at 5 % per year after the �rst year. Combining state values (e.g., life years, health-related
quality of life, and cost) with the average number of cycles a patient stays in each state, it is possible to
estimate life expectancy, life expectancy after quality adjustment, and expected costs.19 According to the
National Bureau of Statistics of China, China's GDP per capita for 2020 was CNY 72 447; the willingness-
to-pay (WTP) threshold for this study was set as CNY 72 447/ QALY.

Model Inputs
Inputs in our Markov model were 1) transition probabilities for PFS, PD, and D in each cycle; 2) probability
of adverse effects under each treatment; 3) the utility of PFS and PD status under the two treatment
regimens; 4) cost. From the two treatment regimens, PFS and OS data, incidence of adverse events, and
transition probabilities were calculated from the clinical trial results of Robert et al.18 All parameter inputs
are shown in Table 1.

Cost & Utility
This analysis was from the perspective of China's health system, so only direct medical costs were
considered in the model, including the costs of drugs, second-line treatment, general physical
examinations, tumor assessment examinations, and the management of adverse reactions. The prices of
vemurafenib, trametinib and dabrafenib were derived from the centralized drug procurement platform of
Yunnan Province. Values for hematological examinations, CT scans, and other expenses came from
public medical institutions. Only adverse reactions above grade 3 were considered; for vemurafenib
treatment these were hypertension, arthralgia, skin rash, and increased levels of alanine aminotransferase
and aspartate aminotransferase. For trametinib and dabrafenib treatment, the adverse reactions were
fever and hypertension; these adverse reactions are generally alleviated after short treatment, and there
are fewer cases of drug withdrawal. Therefore, in our Markov model, only the adverse-reaction
management costs were included in the �rst-cycle cost calculation.

In the clinical trials, the researchers did not investigate the health-utility value of the patients in the PFS
and PD stages; accordingly, the health-state utilities used in the model were obtained from the
literature.20–22

Sensitivity analyses
Due to the uncertainty of parameters and assumptions, we conducted a one-way sensitivity analysis and
probabilistic sensitivity analysis (PSA) to evaluate the robustness of the base-case results. The result of
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one-way sensitivity analysis is shown in Figure 2.

The PSA further explored the uncertainty of input parameters by randomly sampling the parameters
(Table 1). Monte Carlo simulations were repeated over 1000 iterations to generate a distribution of ICER
outcomes shown as a scatterplot (Figure 3). The cost-effectiveness acceptability curves showed the
probabilities of each treatment being cost-effective under a wide range of WTP thresholds (Figure 4).

Results
The Markov model simulation results of this study were well matched to the data reported from the
clinical trials. The median PFS time for TRAM+DAB in the study18 was 11.4 months, and 11.18 months
based on the model. For vemurafenib, the PFS times were 7.3 months in the original study and 7.31
months in the model. In both cases, modelled results agree closely with the original research results. The
model-based median OS of the vemurafenib group also matched well to the original data (17.6 months in
the model and 17.2 months in the original data). For the TRAM+DAB strategy, the median OS had not
been reached at the time of data extraction for publication.

From the result of the base-case model, TRAM+DAB treatment (total cost CNY 332 294; total effect 16.6
QALYs) compared with VEM treatment (total cost CNY 223 456; total effect 12.7 QALYs) leads to a gain
of 3.9 QALYs per patient at an additional cost of CNY 108 838. This resulted in an ICER of CNY
27 460 per QALY gained (Table 2). Discounting by 5 % per year (starting after the �rst year) for costs and
effects marginally increased the ICER.

One-way sensitivity analyses showed that varying the utility in the progression for the TRAM+DAB
strategy had the highest impact on the ICER, followed by varying the utility in the PFS for the TRAM+DAB
strategy. Further parameters that had a substantial impact were the costs of vemurafenib, dabrafenib,
and trametinib, the utility value for patients in the VEM treatment in PD, and the utility value in PFS. When
each parameter in the one-way sensitivity analysis was changed, the �nal results were not affected,
proving that the conclusions obtained through the Markov model were reliable. In the analysis of the PSA
results, the China's GDP per capita in 2020 was chosen as the WTP threshold according to the
recommendations of the Chinese pharmacoeconomic evaluation guidelines; this was also considered
suitable for the actual situations associated with the topic of this paper.

Probabilistic sensitivity analysis con�rmed that the TRAM+DAB treatment is cost-effective. From the
scatterplot in Figure 3, it can be seen that 100 % of the 1000 PSA iterations fall on the lower side of the
WTP threshold. In the cost-effectiveness acceptability curve in Figure 4, the probability that the
TRAM+DAB combination is economical at a WTP threshold of CNY 72 774 is close to 100 %.

Discussion
The incidence of melanoma in China is increasing, and the development of diagnostic tests that detect
speci�c mutations for directing targeted therapies has promoted targeted-therapy development.23–25
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Previously, there have been no studies comparing the Chinese-context economics of dabrafenib
combined with trametinib or vemurafenib in the treatment of patients with metastatic BRAF V600-
mutated melanoma. Based on data from the RCT,18 we developed a Markov model to evaluate
vemurafenib treatment against the dabrafenib plus trametinib strategy, from the perspective of the
Chinese health system. To adapt the model to better match the actual course of treatment for patients,
the medical costs of second-line treatment after patient progression were included in the calculation of
the costs. The results of the research found that TRAM+DAB therapy, compared against VEM
monotherapy, resulted in an additional ICER of CNY 27 460 per QALY gained, considering a discount rate
of 5 %. This was well below the WTP threshold (CNY 72 447 per QALY), indicating that the therapy was
cost-effective. The uncertainty factors of the model were considered at all stages, and the results of the
sensitivity analyses (both one-way sensitivity analysis and probabilistic sensitivity analysis)
demonstrated the reliability of the model analysis results.

The BRAFi+MEKi dual-target regimen is recommended as a �rst-line treatment for patients with
metastatic or unresectable melanoma with BRAF mutations in the latest recommended clinical guidelines
for melanoma from the Chinese Society of Anticancer Clinical Oncology Collaborative Center. Trametinib
plus dabrafenib is currently the only approved BRAFi+MEKi dual-target regimen in China, and the results
of this study demonstrate that TRAM+DAB combination therapy signi�cantly improved overall patient
survival with no increase in toxicity. Even though their costs have decreased substantially after multiple
negotiations by the Nation Healthcare Security Administration of China—especially those of dabrafenib
and trametinib, which were added to the medical insurance negotiation list shortly after their approval in
China in 2019—their prices are still high for patients and the �nancial burden remains signi�cant.

There are several limitations in our study. First, due to the lack of clinical trial data comparing the
combination of trametinib and dabrafenib against vemurafenib alone in Chinese patients with metastatic
BRAF V600-mutated melanoma, this study obtained patient survival data from a large phase III RCT
conducted by Robert et al.18 However, the trial was primarily aimed at the Caucasian population. Second,
at the time point of analysis as reported in the underlying trial by Robert et al., the median OS in the
TRAM+DAB branch of the study had not yet been reached. Some patients may not have shown a long-
term response, and the issue of such a long-term response may affect the ICER. Furthermore, because
patients in the TRAM+DAB treatment group have a longer OS, it may lead to a higher cost, thereby
reducing the cost-effectiveness of the treatment. Third, because of the lack of data on the utility of
combination therapy, we used the utility for patients treated with trametinib monotherapy, and it is
unclear what impact the combination therapy may have. As shown in the one-way sensitivity analyses,
variation of utility parameters had a strong effect on the ICER, so using the utility of trametinib
monotherapy instead of combination therapy might affect the ICER. Moreover, the model did not include
utility for adverse effects from either treatment route, resulting in a higher utility for the DP status,
potentially reducing disease burden.26 Fourth, as ipilimumab used in the systemic anticancer therapy was
not available in China at the time, we instead used its launch price in Japan.
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In conclusion, although the �ndings in this paper show that trametinib in combination with dabrafenib
therapy is cost-effective compared with vemurafenib monotherapy, both combination therapy and
monotherapy are very expensive, with a high disease burden for patients, and further price reductions are
needed to reduce the disease burden for patients.
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Table 1  Model input parameters, distribution, and range
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Patameter Base
case 

Range Source

    Low High  

DAB plus TRAM        

 Treatment cost ( )        

  DAB(150 mg orally twice daily,monthly (cost) 10346.6  9311.9  11381.2  local
charge†

  TRAM(2 mg orally once daily,monthly (cost) 10346.0  9311.4  11380.6  local
charge†

 Cost of managing adverse events ( ) 28.9  26.0  31.8  local
charge†

 Cost of Subsequent Systemic Anticancer Drug
Therapy in FU

2278.5  2050.7  2506.4  local
charge†

 Cost of disease progression ( ) 2519.4  2267.4  2771.3  local
charge†

 Cost of baseline assessment ( ) 30.4  27.4  33.5  local
charge†

 Cost of physical checkment ( ) 145.2  130.7  159.7  local
charge†

 Health utilities        

  Utility progression-free survival 0.78  0.70  0.86  [20 21]

  Utility progression 0.72  0.65  0.79  [20 21]

VEM        

Treatment cost ( )        

VEM(960 mg orally twice daily,monthly (cost) 20090.6  18081.5  22099.6  local
charge†

Cost of managing adverse events ( ) 49.0  44.1  53.9  local
charge†

Cost of Subsequent Systemic Anticancer Drug
Therapy in FU

3638.3  3274.5  4002.2  local
charge†

Cost of disease progression ( ) 2476.7  2229.0  2724.3  local
charge†

Cost of baseline assessment ( ) 30.4  27.4  33.5  local
charge†

Cost of physical checkment ( ) 145.2  130.7  159.7  local
charge†
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Health utilities         

 Utility progression-free survival 0.80  0.72  0.88  [22]

 Utility progression 0.52  0.47  0.57  [22]

DAB dabrafenib; TRAM trametinib; VEM vemurafenib; FU follow-up; †The price of drugs comes from the
information disclosure of Yunnan drug centralized purchasing center

 

Table 2 Cost-effectiveness of trametinib plus dabrafenib and vemurafenib as �rst-line treatment of
metastatic BRAF V600-mutated melanoma

Treatment cost( effectiveness incremental
cost( )

incremental
effectiveness(QALY)

ICER

(QALY) ( /QALY)

VEM 223456.26 12.65 0 0  

TRAM
+DAB

332294.57 16.61 108838.31 3.96 27460.87

DAB, dabrafenib TRAM, trametinib; VEM vemurafenib; QALY quality-adjusted life year; ICER incremental
cost-effectiveness rati

 

Figures

Figure 1



Page 12/14

Markov model for patients with previously untreated metastatic melanoma with BRAF V600E or V600K
mutations

Figure 2

One-way sensitivity analysis based on the parameters as shown in Table 1. Results shown are for 5%
discounting. DAB, Dabrafenib; TRAM, Trametinib; VEM, Vemurafenib; FU, follow-up; QALY, quality-adjusted
life year.
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Figure 3

Probabilistic sensitivity analysis for trametinib plus dabrafenib or vemurafenib as �rst-line therapy for
metastatic BRAF V600-mutated melanoma in china. willingness to pay (WTP) = RMB72,447 per quality-
adjusted life year (QALY). Results shown are for 5% discounting
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Figure 4

Cost-effectiveness acceptability curves; PLUS,trametinib plus dabrafenib; VEM, vemurafenib


