
O R I G I N A L  R E S E A R C H

Economic Evaluation of Trastuzumab Deruxtecan 
in Previously Treated HER2-Low Advanced Breast 
Cancer in the United States
Yitian Lang 1, Bin Wu2, Xiaoyan Liu1

1Department of Pharmacy, Huangpu Branch, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, People’s 
Republic of China; 2Medical Decision and Economic Group, Department of Pharmacy, Ren Ji Hospital, South Campus, School of Medicine, Shanghai 
Jiaotong University, Shanghai, People’s Republic of China

Correspondence: Xiaoyan Liu, Department of Pharmacy, Huangpu Branch, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of 
Medicine, No. 58 Puyu East Roa, Huangpu Districtd, Shanghai, 200011, People’s Republic of China, Email liuxiaoyanrj@sjtu.edu.cn 

Purpose: Recently, the DESTINY-Breast04 trial revealed that significant benefits in both overall survival (OS) and progression-free 
survival (PFS) in patients with HER2-low advanced or metastatic breast cancer treated with trastuzumab deruxtecan (T-DXd) 
compared with chemotherapy. The current study assessed the cost-effectiveness of T-DXd from the perspective of the United States 
payer.
Methods: We developed a partitioned survival model to project the disease course of breast cancer. The OS and PFS data were 
derived from the DESTINY-Breast04 trial. We extrapolate the survival data beyond the follow-up time to assess the long-term survival 
prognosis. Direct medical costs and utility data were collected. The incremental cost-utility ratio (ICUR) was the primary outcome that 
evaluated the cost-effectiveness of a therapy regimen. One-way sensitivity and probabilistic sensitivity analysis were implemented to 
explore the uncertainty of outputs.
Results: In the base-case, the ICUR of T-DXd versus chemotherapy is $346,571.8/QALY and $337,789.4/QALY for all patients group 
and hormone-receptor-positive (HR+) subgroup, respectively. One-way sensitivity analyses revealed that the hazard ratio of OS, the 
unit cost of T-DXd, and body weight had a relatively large impact on the base-case result. Probabilistic sensitivity analyses showed 
that the likelihood that T-DXd was cost-effective is 14.5% and 12.6% for all patients group and HR+ subgroup, respectively.
Conclusion: The cost-effectiveness analysis suggested that, at current price, trastuzumab deruxtecan is unlikely to be a preferred 
option for patients with HER2-low breast cancer at a threshold of $150,000/QALY from a US payer perspective.
Keywords: cost-effectiveness, HER2-low breast cancer, trastuzumab deruxtecan, partitioned survival approach

Introduction
Globally, breast cancer is the most common malignancy among women. Based on the latest GLOBOCAN data, 
2.26 million new breast cancer cases were diagnosed worldwide in 2020, which accounts for 11.7% of new diagnosed 
cancers.1 Nevertheless, treatment decisions are usually based on histopathological factors, and four major breast cancer 
subtypes are recognized in clinical practice with prognostic and predictive relevance, including luminal A, luminal B, 
human epidermal growth factor receptor 2(HER2)-positive, and triple-negative breast cancer.2 HER2-positive tumors 
account for around 10–20% of all breast cancers, and more than 80% are HER2-negative.3 Approximately 60% of 
HER2-negative breast cancers express low levels of HER2. In the past, patients with HER2-low-expressing tumors did 
not appear to benefit from HER2-targeted therapies, like trastuzumab adjuvant therapy.4 However, the HER2-targeted 
antibody-drug conjugates (ADC) seem to break this barrier.5 Recently, the DESTINY-Breast04 trial revealed that 
significant benefits in both overall survival (OS, 23.4 vs 16.8 months, hazard ratio=0.64, P=0.001) and progression- 
free survival (PFS, 9.9 vs.5.1 months, hazard ratio=0.5, P<0.001) in patients with HER2-low advanced or metastatic 
breast cancer treated with trastuzumab deruxtecan (T-DXd) compared with chemotherapy.6 T-DXd structurally composed 
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of a humanized, anti-HER2 IgG1 monoclonal antibody, a cleavable peptide linker, and a topoisomerase I inhibitor 
payload (DXd, a derivative of the camptothecin analogue exatecan).7,8 T-DXd can effectively target tumor cells that 
express low levels of HER2 and release its cytotoxic payload to neighboring tumor cells, which can significantly enhance 
the efficacy of drug. And T-DXd is the first approved targeted therapy drug by the US Food and Drug Administration for 
HER2-low breast cancer.9

Malignant tumors greatly affect the quality of life of patients. The Global Burden of Disease (GBD) reported that the 
disability-adjusted life-years (DALYs) of breast cancer ranked first among female malignancies.10 And novel antineo-
plastic agents led to a high economic burden. It is, therefore, imperative that clinicians and policymakers take cost- 
effectiveness into account when making medical decisions so that limited resources can be allocated as efficiently as 
possible. T-DXd showed better therapeutic advance compared with chemotherapy, the cost-effectiveness of the regimen 
is still not evaluated. The current study investigated the cost-effectiveness of T-DXd for HER2-low advanced or 
metastatic breast cancer.

Materials and Methods
The Consolidated Health Economic Evaluation Reporting Standards (CHEERS) statement, published in 2013 and 
updated in 2022, was designed as guidance to help authors report economic evaluation accurately. The current economic 
evaluation adhered to the CHEERS 2022 checklist (see Supplemental Table 1).11,12

Model Structure
We developed a decision analytic model for T-DXd and chemotherapy to assess their cost-effectiveness from the 
perspective of the United States payers. A partitioned survival approach (PartSA) was used to simulate disease 
development in patients with HER2-low advanced breast cancer. The simulated patients with unresectable, locally 
advanced or metastatic HER2-low breast cancer who had received chemotherapy or at least one line of endocrine 
therapy, which is consistent with the DESTINY-Breast04 trial.6 And the baseline of patients in the DESTINY-Breast04 
trial can see Supplemental Table 2. In this partitioned survival model, the health state was divided into three mutually 
exclusive stages, including progression free (PF) survival, progressed disease (PD), and death. The PF is assumed as 
a default state, which could progress into a PD state or death state. The proportion of the cohort at any model time point 
in each health state can be calculated from the reconstructed PFS and OS curves.13

The analysis included two groups. Group 1 corresponds to the analysis for all patients (all randomized patients 
including HR-positive and HR-negative) and group 2 is for the patients with HR-positive. In each of the groups, the 
patients receive one of the following therapy regimens: (1) chemotherapy; (2) T-DXd. The two regimens and the doses 
strategies are kept with the DESTINY-Breast04 trial. The chemotherapy regimen included eribulin, capecitabine, nab- 
paclitaxel, gemcitabine, or paclitaxel. Therein, eribulin was administrated at a dose of 1.4 mg/m2 body surface area 
(BSA) intravenously on days 1 and 8 of each 21-day cycle, capecitabine was administrated at a dose of 1000 mg/m2 

orally twice daily on days 1 to 14 of each 21-day cycle, nab-paclitaxel was administrated at a dose of 100 mg body 
surface area (BSA) per square meter on days 1, 8, and 15 of each 21-day cycle, gemcitabine was used at a dose of 800 to 
1200 mg/m2 intravenously on days 1, 8 and 15 of each 28-day cycle, or paclitaxel was administrated at a dose of 175 mg/ 
m2 intravenously on day 1 of every 21-day cycle.14 The T-DXd regimen was administrated at a dose of 5.4 mg/kg 
intravenously every 21-day cycle.6 In each group, disease progression, unacceptable toxic effects, or death will end the 
current therapy regimen. The three-week model cycle was adopted to make cost estimates easier, and a 10-year time 
horizon was determined to ensure that more than 90% of the whole cohort enter the absorbing state, and the long-term 
outcomes can be assessed. The decision tree and model structure are shown in Figure 1.

Clinical Data
Our analysis was based on the DESTINY-Breast04 trial, and the trial published the data on PFS, OS, and safety data.6 

Nevertheless, the follow-up time of the trial is not sufficient for the analysis in the setting of a 10-year time horizon. It is 
therefore necessary to extrapolate beyond the follow-up period of the trial. We digitized the PFS and OS Kaplan-Meier 
curves of the DESTINY-Breast04 trial to gather the time-to-survival point data. And then, an algorithm that Guyot 

https://doi.org/10.2147/BCTT.S389696                                                                                                                                                                                                                                

DovePress                                                                                                                                            

Breast Cancer: Targets and Therapy 2022:14 454

Lang et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=389696.docx
https://www.dovepress.com/get_supplementary_file.php?f=389696.docx
https://www.dovepress.com
https://www.dovepress.com


proposed can obtain pseudo individual participant data (IPD) was used to get the time-to-event data.15 We fitted several 
candidate survival functions to the generated time-to-event data, including Weibull, Log-logistic, Log-normal, exponen-
tial, Gompertz and Gamma distribution.16 The hazard ratio value and 95% confidence interval (CI) of the T-DXd arm 
versus the chemotherapy arm can be gathered from the DESTINY-Breast04 trial. The projected PFS and OS curve in the 
T-DXd were estimated by applying the hazard ratios to the chemotherapy arm. The best fit was determined based on the 
Akaike Information Criterion (AIC) and visual inspection. Additionally, we performed internal validation by comparing 
the projected clinical outcomes with the DESTINY-Breast04 trial data in terms of median PFS and OS. Treatment-related 
adverse events (AEs) were also included in the analysis. As the grade 1 to 2 AEs are manageable well, the analysis only 
considered the grade 3 and greater AEs. The clinical survival data and the incidence of AEs can be seen in Table 1.

Figure 1 The decision tree and partitioned survival model structure overview for HER2-low breast cancer patients. Group 1 represents overall patients, which includes HR- 
positive and HR-negative patients. Group 2 represents the HR-positive patients. The intervention and comparator of each group is T-DXd and chemotherapy, respectively. 
The PartSA containes three health states: progression-free, progressed disease and death. 
Abbreviations: PartSA, partitioned survival approach; HR+, hormone receptor–positive; T-DXd, trastuzumab deruxtecan.

Table 1 Key Clinical Data

Parameter Values Range Distribution

All patients: Projected PFS curve based on Weibull distribution in the chemotherapy arm Shape=1.124  

Scale=11.089

– –

All patients: Projected OS curve based on Weibull distribution in the chemotherapy arm Shape=1.458  
Scale=31.481

– –

HR-positive subgroup: Projected PFS curve based on Weibull distribution in the 

chemotherapy arm

Shape=1.144  

Scale=11.776

– –

HR-positive subgroup: Projected OS curve based on Weibull distribution in the 

chemotherapy arm

Shape=1.455  

Scale=33.953

– –

All patients: Hazard ratio of T-DXd vs chemotherapy arm for PFS 0.5 0.4–0.63 Lognormal

All patients: Hazard ratio of T-DXd vs chemotherapy arm for OS 0.64 0.49–0.84 Lognormal

HR-positive subgroup: Hazard ratio of T-DXd vs chemotherapy arm for PFS 0.51 0.4–0.64 Lognormal
HR-positive subgroup: Hazard ratio of T-DXd vs chemotherapy arm for OS 0.64 0.48–0.86 Lognormal

(Continued)
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Costs and Utilities
The United States payer perspective was adopted in this analysis. Therefore, only direct medical expenditures were 
included in the cost estimates, which covered the therapy drugs, administration for intravenous injection, management of 
severe AEs, follow-up, and palliative care. The drug costs in the chemotherapy regimen were collected from the Centers 
for Medicare & Medicaid Services (CMS) and the average sales price (ASP) that the manufacturer reported was 
adopted.17 The price of T-DXd was estimated based on the price guide (Price Guide, www.drugs.com/price-guide).18 

The average weight of 77.5 kg and height of 1.61 m in women, derived from the National Center for Health Statistics 
(NCHS) data, were used to calculate the average BSA and the dosage of drugs.19 A 1.86 m2 of BSA was applied. The 
overall drug costs were calculated according to the predetermined dosing strategy. In the chemotherapy regimen, the 
eribulin, capecitabine, nab-paclitaxel, gemcitabine, and paclitaxel single agent were assigned according to the proportion 
of 51.1%, 20.1%, 10.3%, 10.3% and 8.2%, respectively.6 The cost of the chemotherapy regimen is estimated based on the 
proportions. The cost of administration for intravenous injection was taken from the 2021 Physician’s Fee Schedule.20 

The cost related to palliative care, follow-up and best supportive care was derived from published studies.21,22 The 
expenditure of management of severe (grade 3 and more) AEs was gathered from published studies.22–24 All costs for 
years prior to 2021 have been adjusted to 2021 US dollars (USD) using the Consumer Price Index (CPI).

Each health state was assigned a health utility value that reflects the stage of progression. Due to the fact that the 
DESTINY-Breast04 trial did not report the health utility data, highly relevant and robust data derived from relevant 
studies is obtained.22 The quality of life is assumed to be related to the progressive stage of the tumor. Therefore, the 
utility values of PF and PD state were estimated to be 0.85 and 0.52, respectively.22 All costs and utilities were 
discounted at an annual rate of 3%. More detailed values of inputs are summarized in Table 2.

Analyses
In the base-case analysis, the incremental cost-utility ratio (ICUR) was used to evaluate the incremental cost per quality- 
adjusted life-year (QALY). If the ICUR is below the willingness-to-pay (WTP) threshold, the regimen is deemed as 
“cost-effective”. The threshold of $100,000–150,000/QALY was usually used for economic analysis in the United 
States.25 In this analysis, we adopted the threshold of $150,000/QALY to assess the cost-effectiveness of regimens.

In order to assess the uncertainty of outputs, we conducted both one-way and probabilistic sensitivity analysis (PSA) 
for all model inputs. In the projected curve, the 95% CI of the hazard ratio is used for one-way sensitivity analysis. And 
the range of annual discount rate is from 0 to 8%. Other parameters were assumed to vary by ± 25% of the base-case 
value. And 1000 iterations of Monte Carlo simulations were used to examine the influence of parameter uncertainty. In 

Table 1 (Continued). 

Parameter Values Range Distribution

Grade 3 and more AEs in the chemotherapy arm Incidence Range Distribution

Neutropenia 40.7% 30.53% to 50.88% Beta
Anemia 4.7% 3.53% to 5.88% Beta

Thrombocytopenia 0.6% 0.45% to 0.75% Beta

Leukopenia 19.2% 14.4% to 24% Beta
Nausea 0% NA Beta

Fatigue 4.7% 3.53% to 5.88% Beta

Grade 3 and more AEs in the T-DXd arm
Neutropenia 13.7% 10.28% to 17.13% Beta

Anemia 8.1% 6.08% to 10.13% Beta

Thrombocytopenia 5.1% 3.83% to 6.38% Beta
Leukopenia 6.5% 4.88% to 8.13% Beta

Nausea 4.6% 3.45% to 5.75% Beta

Fatigue 7.5% 5.63% to 9.38% Beta

Abbreviations: PFS, progression-free survival; HR, hormone-receptor; OS, overall survival; AEs, adverse events; T-DXd, trastuzumab deruxtecan.
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each of 1000 simulations, each model input was sampled randomly based on its probability distribution. The Beta 
distribution is for probabilities of AEs and utility values, the Gamma distribution for the cost inputs, and the log-normal 
distribution for the hazard ratio of two therapy arms.26 The cost-effectiveness acceptability curves (CEACs) were 
created to present the likelihood that a therapy regimen was cost-effective at a range of WTP thresholds, and the scatter 
plots can show the output distribution of each simulation. All models, including Partitioned survival model and the cost- 
effectiveness model, were programmed through R software (https://www.r-project.org/) with the package of 
“heemod”.27

Results
Curve Fitting
Survival Curve nodes imply an order of progression from healthier to sicker states, ending in the dead state. The Survival 
Functions generally should not cross. In this analysis, the distributions that led to crossovers between OS and PFS curves 
were not included. Combining AIC and visual inspection, the Weibull distribution appears to be the most rational 
function for extrapolating PFS and OS of chemotherapy regimen in either all patients or the HR-positive group. The 
reconstructed Kaplan-Meier survival curves and the projected PFS and OS curves of the T-DXd and chemotherapy 
regimen were generated and shown in Figure 2. The scale and shape parameters of the projected curve of the 
chemotherapy arm could be seen in Table 1. The projected curves of the T-DXd arm were generated based on the 
hazard ratio of T-DXd versus chemotherapy. The results for the proportion of patients at each time point can see the 

Table 2 Model Costs, Utility Estimates and Other Parameters

Parameter Distribution Values (Range), USD Reference

Treatment costs
T-DXd (per 100 mg) Gamma 2613.56 (1960.17–3266.95) [18]

Eribulin (per 0.1 mg) Gamma 132.803 (99.602–166.004) [17]

Capecitabine (per 500 mg) Gamma 0.805 (0.604–1.006) [17]
Nab-paclitaxel (per 1 mg) Gamma 14.693 (11.020–18.366) [17]

Gemcitabine (per 200 mg) Gamma 3.764 (2.823–4.705) [17]

Paclitaxel (per 1 mg) Gamma 0.124 (0.093–0.155) [17]
Administration (first hour) Gamma 148.3 (111.23–185.38) [20]

Administration (additional hour) Gamma 31.4 (23.55–39.25) [20]
Follow-up (per cycle) Gamma 931.44 (698.58–1164.3) [21]

Best supportive care (per cycle) Gamma 3750.14 (2812.61–4687.68) [21]

Palliative care Gamma 9787.97 (7340.98–12,234.96) [22]
Expenditure of AEs management
Neutropenia Gamma 4804.04 (3603.03–6005.05) [22]

Anemia Gamma 14,092.64 (10,569.48–17,615.8) [23]
Thrombocytopenia Gamma 12,794.98 (9596.24–15,993.73) [24]

Leukopenia Gamma 12,749.06 (9561.80–15,936.33) [24]

Nausea Gamma 8341.60 (6256.2–10,427) [23]
Fatigue Gamma 13,088.35 (9816.26–16,360.44) [23]

Utility estimates
Progression-Free Disease Beta 0.85 (0.64, 1.00) [22]
Progressive Disease Beta 0.52 (0.39, 0.65) [22]

Other parameters
Body surface area, m2 Normal 1.86 (1.40–2.33) [19]

Notes: The costs of AEs in this table were presented on a per-event basis, and the costs of AEs were calculated only once at the 
beginning of running the analysis model. All costs reported for years prior to 2021 are updated to 2021 US dollar using the 
American Consumer Price Index. All costs sourced from China in this study were converted into US dollars ($1 = RMB 6.4512, 
Average exchange rate for 2021). 
Abbreviations: AEs, adverse events; USD, US dollars; CMS, Centers for Medicare and Medicaid Services; T-DXd, trastuzumab 
deruxtecan.
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supplemental Figure 1. The results of internal validation can see the Supplemental Table 3. Additionally, the fitting curve 
figures based on other distributions were also generated and can see supplemental Figures 2 and 3.

Base-Case Analysis
The outputs of base-case analysis varied little across all patients group and the HR-positive group. In all patients group, 
patients who received chemotherapy regimen gained 1.036 QALYs and expended $ 93,554.6. Receiving T-DXd regimen 
resulted in 1.487 QALYs gained and $ 249,858.5 expended. Compared with the chemotherapy regimen, the T-DXd 
regimen increased the overall cost by $ 156,304. For effectiveness, the T-DXd regimen showed an increase of 0.451 
QALYs compared with the chemotherapy regimen. The ICUR of T-DXd versus chemotherapy is $ 346,571.8 /QALY. In 
the HR-positive subgroup, patients who received chemotherapy regimen gained 1.111 QALYs and expended $ 96,778. 
Receiving T-DXd regimen resulted in 1.581 QALYs gained and $ 255,539 expended. Compared with the chemotherapy 
regimen, the T-DXd regimen increased the overall cost by $ 158,761. For effectiveness, the T-DXd regimen showed an 
increase of 0.47 QALYs compared with the chemotherapy regimen. The ICUR of T-DXd versus chemotherapy is $ 
337,789.4 /QALY. All base-case results are summarized in Table 3.

One-Way Sensitivity Analysis
The one-way sensitivity analysis outcomes, represented in the form of tornado diagrams (Figure 3), can illustrate the 
sensitivity of analysis output to model variables. In all patients group, we can find that, from the diagram of tornado 
(Figure 3A), the hazard ratio of OS, body weight, and the unit cost of T-DXd were the key driving factors that had 
a significant impact on ICUR between T-DXd and chemotherapy regimen. The range of the ICUR was from $ 
230,767.1 /QALY to $ 582,719.8 /QALY. The unit cost of the T-DXd and the body weight, as key variables affecting 
the total cost of the T-DXd regimen, can minimize the ICUR. The hazard ratio of OS can affect the effectiveness 
differences of two regimens by affecting the survival time. The impact of other variables on the ICUR was not 
prominent. In the HR-positive subgroup, the tornado diagram of T-DXd versus chemotherapy regimen (Figure 3B) 
showed that the hazard ratio of OS, body weight and the unit cost of T-DXd could yield significant effects on the ICUR. 
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Figure 2 Reconstructed Kaplan-Meier survival curve and the projected survival curve in different groups. (A) Output of PFS curve for all patients group; (B) Output of OS 
curve for all patients group; (C) Output of PFS curve for the HR+ patients group; (D) Output of OS curve for the HR+ patients group. Each cycle of the x-axis is three 
weeks. 
Abbreviations: KM, Kaplan-Meier; PFS, progression-free survival; OS, overall survival; HR+, hormone-receptor positive; T-DXd, trastuzumab deruxtecan.
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The range of ICUR was from $ 222,317.6 /QALY to $ 613,240.1 /QALY. Other variables had little impact on the 
reduction of ICUR.

Probabilistic Sensitivity Analysis
Simultaneously sampling all model parameters from probability distributions, the average results of a total of 1000 
iterations generally align with the base-case results (see Supplemental Table 4). The CEACs (Figure 4) showed that in all 
patients, the T-DXd regimen was 14.5% cost-effective at the $150,000/QALY threshold. And the chemotherapy regimen 
was 85.5% cost-effective at the same threshold. In the HR-positive subgroup, the T-DXd regimen was 12.6% cost- 
effective at the $150,000/QALY threshold. And the chemotherapy regimen was 87.4% cost-effective at the same 
threshold.

As the price of T-DXd is a potential variable that can reduce the ICUR, additional probabilistic sensitivity analyses 
were performed, with prices set at 75% and 50% of the base-value. The additional PSA showed that in all patients, the 
likelihood of the T-DXd regimen in the 25% and 50% price reduction setting was 30.5% and 68.5% of being cost- 
effective, respectively. And in the HR-positive subgroup, the likelihood of T-DXd was 33.1% and 71.5%, respectively. 
More outputs are summarized in Supplemental Table 4 and 5.

Discussion
In women, breast cancer is the most common malignancy and accounts for the majority of cancer deaths. This imposes 
a significant burden not only on the patients but also on the health-care sectors. The constant emergence of novel 
therapeutic drugs provides patients with more treatment options and has gradually formed a new treatment pattern. The 
selection and decision-making of therapeutic drugs are affected by cost-effectiveness, while new antineoplastic drugs are 
often associated with high price tags. As a new ADC drug, the approval of T-DXd aroused widespread concern, which 
led us to increasingly recognize its efficacy and addressed a critical unmet treatment need for patients with HER2-low 
breast cancer. And the new HER2 subtype is understood further by researchers and oncologists. However, the cost- 
effectiveness of T-DXd in the treatment of HER2-low breast cancer has not been evaluated. As far as we know, this study 
is the first economic evaluation of T-DXd in advanced or metastatic HER2-low breast cancer from the United States 
payer perspective.

Table 3 Results of the Base-Case Analysis

Population All Patients HR+Subgroup

Regimen Chemotherapy T-DXd Chemotherapy T-DXd

Health-state cost

PFS state 54,431.27 211,846.28 57,654.67 217,526.78

PD state 39,123.33 38,012.22 39,123.33 38,012.22

Total cost 93,554.6 249,858.5 96,778 255,539

Difference 156,303.9 158,761

Health-state QALY

PFS state 0.519 0.948 0.548 0.974
PD state 0.517 0.539 0.563 0.607

Total QALY 1.036 1.487 1.111 1.581

Difference 0.451 0.47

ICUR($/QALY) 346,571.8 337,789.4

Abbreviations: LY, life-year; QALY, quality-adjusted life-year; ICUR, incremental cost-utility ratio; 
T-DXd, trastuzumab deruxtecan; HR+, hormone-receptor positive.
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In this study, we analyzed the cost-effectiveness of different groups in the DESTINY-Breast04 trial. Due to the small 
sample size of the HR-negative subgroup, the results were not included in this study. Our analysis of all patients group 
and HR+ subgroup revealed that compared with the chemotherapy regimen, T-DXd was not cost-effective at a threshold 
of $150,000/QALY. The sensitivity analysis showed that the key variables that driving the results included the hazard 
ratio value of OS, body weight, and unit price of T-DXd. Among them, weight and unit price of T-DXd will affect the 
total cost of the T-DXd group. If the values of the two parameters decrease, the total cost of the T-DXd group will be 
significantly reduced, and then the ICUR across two regimens will be reduced. The hazard ratio value of OS affected the 
total survival time, and the decrease of the hazard ratio value will increase the total QALYs of the T-DXd regimen. The 
PSA analysis shows that the results are robust and reliable. In the aforementioned sensitivity variables, the hazard ratio of 
OS is a non-intervenable variable, while the unit price of T-DXd are intervenable variables, so we also conducted 
additional scenario analyses on the price strategies. Additional analysis shows that when simulating a 50% price 
reduction scenario, the ICUR between the two regimens in all patients group and HR+ subgroup is reduced to 
$113,034.4/QALY and $104,017.1/QALY. The ICUR values of two groups are less than the pre-specified threshold of 
$150,000/QALY, so the price reduction strategy is an effective way to improve cost-effectiveness. Although the analysis 
output based on the current price of T-DXd is higher than the WTP threshold in the United States, it is a landmark ADC 
drug for HER2-low breast cancer patients and its value should not be ignored. In recent years, many pharmacoeconomic 
evaluations have revealed that the ICURs of many novel antineoplastic drugs have exceeded the willingness to pay 
threshold compared with chemotherapy regimens. As long as the price of the drug matches its clinical value, it appears to 
be rational that the ICUR value is slightly higher than the WTP. Also, the economic evaluation can effectively check out 
the antineoplastic drugs that are priced above the value-based cut point. This is why many countries are advocating 
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Figure 3 Tornado diagram of the one-way sensitivity analysis results. (A) The output of all patients group. (B) The output of HR-positive subgroup. 
Abbreviations: T-DXd, trastuzumab deruxtecan; BSA, body surface area; OS, overall survival; PFS, progression-free survival; PD, progressed disease; ICUR, incremental 
cost-utility ratio; QALY, quality-adjusted life-year; WTP, willingness to pay; HR, hazard ratio; HR+, hormone-receptor positive;
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a value-based pricing system globally.28 In this pattern, pharmaceutical manufacturers may be encouraged to develop 
drugs with more meaningful clinical benefits.29

There are several potential weaknesses in this study as well. Due to the fact that patient survival data was taken from 
the DESTINY-Breast04 trial, only the analysis based on the utility derived from DESTINY-Breast04 was the most 
accurate. The results of the DESTINY-Breast04 trial on health-related utility values of disease states were not reported. 
As a result, we had to rely on published literature to gather relatively reliable utility data. Fortunately, utility values do 
not significantly contribute to the ICUR reduction according to the tornado diagram. A second issue was the uncertainty 
that was introduced during the digitizing process of the PFS and OS curves. Furthermore, rather than using real data from 
individual patients, the model’s individual patient data was generated using an algorithm proposed by Guyot.15 Due to 
the lack of access to a patient-level time-to-event dataset in clinical trials, this method allowed survival analysis based on 
pseudo-patient-level data. Guyot’s algorithm is frequently used in economic evaluation and has been shown to outper-
form other methods in terms of performance.30 Thirdly, we tried to fit each arm based on the survival function that has 
the lowest AIC value. The analysis cannot continue due to the occurrence of crossover between PFS and OS. Therefore, 
the mode of hazard ratio was adopted. The Gompertz distribution led crossover between OS and PFS curves and not 
taken into consideration. The Weibull distribution appears to be the most rational function for extrapolating PFS and OS 
when Akaike information criteria (AIC) and visual inspection are combined.
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Figure 4 The output of probabilistic sensitivity analysis. (A) The output of all patients group. (B) The output of HR-positive subgroup. 
Notes: In the cost-effectiveness acceptable curve, the y-axis indicates the likelihood that a regimen is cost-effective across the willingness-to-pay threshold (x-axis). The red 
dashed line represents the WTP threshold; In the incremental cost-effectiveness scatter plot, each dot represents one output. The red circle is the 95% confidence ellipse. 
The black dashed line represents the WTP threshold. 
Abbreviations: T-DXd, trastuzumab deruxtecan; QALY, quality-adjusted life-year; WTP, willingness to pay; HR+, hormone-receptor positive.
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Conclusion
The cost-effectiveness analysis suggested that, at the current price, trastuzumab deruxtecan is unlikely to be a preferred 
option for patients with HER2-low advanced or metastatic breast cancer at a WTP threshold of $ 150,000/QALY in the 
United States. Some measures need to be followed to make it a cost-effective choice for the treatment of HER2-low 
breast cancer, including price strategy, payment strategy, etc.
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