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a b s t r a c t

Objective: Treatment options for HER-2-positive metastatic breast cancer (mBC) patients have expanded
markedly since trastuzumab approval in 1998. Several other regimens are now available, including
pertuzumab plus trastuzumab plus docetaxel, T-DM1, capecitabine plus lapatinib, and trastuzumab plus
lapatinib. This study assesses the cost-effectiveness of four treatment sequences for HER-2-positive mBC
according to the Taiwanese National Health Insurance Administration (TNHIA).
Methods: Costs (U.S. Dollars) and effectiveness (quality-adjusted life years) of four treatment sequences
for HER-2-positive mBC patients were examined using a Markov model over a lifetime horizon. Tran-
sition probabilities, disease progression, and probability of adverse events and survival were derived
from clinical trial data. Costs and health utilities were estimated from TNHIA, Taipei Medical University
Hospital, and the literature. Deterministic, probabilistic sensitivity analyses and a scenario analysis
examined parameter uncertainty and accounted for drug wastage in dosage and cost calculations.
Results: Sequence 3 (1st line: trastuzumab plus docetaxel; 2nd line: T-DM1; 3rd line: trastuzumab plus
lapatinib) was the most cost-effective sequence followed by sequence 1 (1st line: pertuzumab plus
trastuzumab plus docetaxel; 2nd line: T-DM1; 3rd line: capecitabine plus lapatinib), and sequence 4 (1st
line: trastuzumab plus docetaxel; 2nd line: trastuzumab plus lapatinib; 3rd line: trastuzumab plus
capecitabine), respectively. The model was sensitive to costs and transition probabilities, but not
particularly sensitive to the wastage assumption.
Conclusions: From the perspective of the TNHIA, trastuzumab plus docetaxel as 1st line followed by T-
DM1 and trastuzumab plus lapatinib as 2nd and 3rd line represents the most cost-effective strategy
among the four sequences considered for treating HER-2-positive mBC patients.
© 2019 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In 2018, according to Globocan, breast cancer was still the
leading cause of cancer death inwomenworldwide [1]. In Taiwan, a
country with a population of 23 million, the incidence of breast
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cancer is rising, with one in 120 women suffering from the disease
[2]. The standardized incidence was 52.34 per 100,000 person-
years and 93.00 per 100,000 person-years in 1997 and 2013
respectively, representing a 1.8-fold increase [2]. Amplification of
the human epidermal growth factor receptor HER-2 gene is present
in 18%e20% of breast cancers [3]. Chinese breast cancer patients
have been reported to have an even higher prevalence of HER-2-
positive tumorsdaround 25.8% [4]. Amplification is the primary
mechanism of HER-2 overexpression, and multiple studies have
demonstrated an association with a worsened overall survival (OS)
rate and a shorter time to relapse [5]. HER-2-directed therapy has
drastically increased the survival of metastatic breast cancer (mBC)
patients in the last two decades [5]. Since the introduction of the
monoclonal antibody trastuzumab in 1998, there have been three
subsequent approvals for anti-HER-2 agents for mBC. Lapatinib is a
dual tyrosine kinase inhibitor that interferes with the HER-2-neu
and EGFR pathways [6]. It received approval in 2007 with the use
of capecitabine. In the phase III trial that led to its approval, the
addition of lapatinib to capecitabine produced a longer median OS
for the combination arm, 75 weeks vs. 64.7 weeks, respectively [7].
Nonetheless, in the Cerebel trial [8], the addition of lapatinib to
capecitabine was found to be inferior to the combination of tras-
tuzumab and capecitabine, with longer progression-free survival
(PFS) and OS for the trastuzumab-containing arm. In 2012, pertu-
zumab, an anti-HER-2 humanized monoclonal antibody that hin-
ders receptor dimerization was approved as a first-line treatment
for mBC in combination with trastuzumab and docetaxel [9]. This
approval occurred after the results of a Phase III trial demonstrated
an improvement in OS of 15.7 months induced by in pertuzumab
combinationwith trastuzumab and docetaxel when comparedwith
trastuzumab, docetaxel, and a placebo [9]. Lastly, in 2013, ado-
trastuzumab emtansine was approved as a monotherapy for mBC
treatment-experienced patients with trastuzumab and taxanes. In
the Phase II trial that led to its approval, ado-trastuzumab emtan-
sine was compared with lapatinib and capecitabine, and there was
a 5.8-month improvement in survival rates, 29.9 months with ado-
trastuzumab vs. 20.9 months with lapatinib, capecitabine [10].

A clinical consensus regarding optimal sequencing has emerged,
supported by the American Society of Clinical Oncology [11] and
the National Comprehensive Cancer Network [12]. First-line ther-
apy for patients with mBC includes the combination of pertuzumab
to trastuzumab and docetaxel, followed by trastuzumab emtansine
at progression, and in third-line setting lapatinib in combination
with capecitabine is considered the up-front treatment for HER2-
positive mBC Nonetheless, the optimal treatment sequence from
a pharmacoeconomic standpoint has to be analyzed in each health-
payer system to further inform local decision making for practi-
tioners and policymakers. In the current paper, we adopt the
perspective of the Taiwanese health payer system.

Taiwan has a unique single-payer healthcare system covering
99% of its population under the government-run National Health
Insurance (NHI) scheme [13]. The Taiwanese government enacted
its universal health insurance program in 1995 with the goal to
improve the efficiency of the country’s existing healthcare system,
thus achieving social justice and equity in meeting the healthcare
needs of its population [13]. The system is known for its good
accessibility, short waiting times, nationwide research database
and comprehensive coverage including cancer care [13].

Typically, cost-effectiveness studies conducted from the
Taiwanese NHI perspective have compared mBC treatment regi-
mens per line of therapy, although sequential therapy is the real-
life clinical practice most utilized. Recently, Lang HeC et al. simu-
lated the costs and effectiveness associated with the use of tras-
tuzumab therapy in HER-2/neu positive early breast cancer
patients, from the Taiwanese NHI perspective [14]. Adjuvant
trastuzumab was associated with 1.63 quality-adjusted life years
(QALY) compared with no adjuvant trastuzumab treatment [14]. In
the base case scenario, the ICER was estimated at US $51,863 per
QALY gained, which led the authors to conclude the adjuvant
Trastuzumab is a cost-effective treatment option for patients with
HER-2 positive breast cancer considering a willingness-to-pay
threshold of three-times GDP per capita in Taiwan [14]. Another
recent study by Leung HWC et al. estimated the incremental cost-
effectiveness ratio of pertuzumab combined with trastuzumab
and docetaxel (TDP) compared to trastuzumab combined with
docetaxel (TD) in the first-line treatment for HER-2 positive mBC.
The authors reported an estimated ICER of NT$18,999,687
(US$593,741) per QALY gained for TDP. The authors concluded that
TDP would be cost-effective for HER-2 positive mBC patients under
favorable drug cost assumptions only [15]. In the present study, we
expand on these studies by conducting a comparative cost-
effectiveness analysis of four possible treatment sequences for
HER-2-positive mBC in Taiwan and accounting for intravenous drug
wastage. Results of such comparative analysis can bemore useful to
policymakers as they decide on coverage of very expensive new
anticancer treatments with marginal survival improvements
[6e10].

2. Model overview

We conducted an economic evaluation to simulate the cost and
effectiveness associated with first-line THP, followed by T-DM1 and
lapatinib/capecitabine for patients newly diagnosed with HER-2
-positive mBC in Taiwan, compared with three other sequencing
modalities. A hypothetical cohort of patients with the same char-
acteristics as patients in the CLEOPATRA and EMILIA phase III trials
[10,16]. We based sequencing modalities on published phase III
trials and assessed the relevance of their use in Taiwan based on
international and local hospital treatment protocols. The strategies
adopted for this analysis are presented in Table 1.

This economic evaluation was carried out according to the
Taiwanese National Health Insurance Administration’s (TNHIA)
perspective. The Markov model used for the current study is
described in detail elsewhere [19]. In short, we utilized a Markov
model (weekly cycle length) with four mutually exclusive states,
PFS 1st line, PFS 2nd line, PFS 3rd line, and death [19] (Fig. 1 -
Adapted from Diaby et al. 201,6 [20]) to project the costs and util-
ities that patients would accumulate over a lifetime time horizon
under the sequencing strategies.

Patients eligible for treatment initiation entered the model
through the stable state (PFS 1st line with no adverse events). Per
simulation cycle, patients could remain stable, transition to the
next treatment sequence if the disease progressed, grade¾ adverse
events (AEs) occurred, or die, based on transition probabilities. We
assumed that patients would receive a 3-month palliative care and
ultimately die after treatment sequence failure [21].

The outcomes of interest were PFS, OS, costs (2018 U S. Dollars),
quality-adjusted life years (QALYs), and the incremental cost per
QALY-gained ratio. We assessed the cost-effectiveness of the four
treatment options using the following willingness-to-pay (WTP)
thresholds: US$50,000 per QALY, US$100,000 per QALY,
US$150,000 per QALY, and US$200,000 per QALY [22e25]. We
considered the net-monetary benefit (NMB) as an additional metric
to assess the cost-effectiveness of the competing treatment options
[26]. We used TreeAge Pro 2017 (TreeAge Software Inc., Williams-
town, MA, USA) to conduct all analyses.

2.1Markov model: clinical input parameters

We obtained equations for the weekly cycle length transitional



Table 1
List of treatment sequences.

First-line Second-line Third-line Abbreviation

Sequence 1 Pertuzumab þ trastuzumab þ docetaxel
(THP) [17]

T-DM110 Capecitabine þ lapatinib [7] THP / TDM1 / Cape/Lapat

Sequence 2 Pertuzumab þ trastuzumab þ docetaxel
(THP) [17]

Trastuzumab þ lapatiniba16 Trastuzumab þ capecitabine [18] THP / Trastuz/Lapat / Trastuz/Cape

Sequence 3 Trastuzumab plus docetaxel [17] T-DM110 Trastuzumab þ lapatiniba16 Trastuz/Docet / T-DM1 / Trastuz/Lapat
Sequence 4 Trastuzumab plus docetaxel [17] Trastuzumab þ lapatiniba16 Trastuzumab þ capecitabine [18] Trastuz/Docet /Trastuz/Lapat / Trastuz/Cape

a Rarely used in the Taiwanese setting; Abbreviation: T-DM1, ado-trastuzumab emtansine.

Fig. 1. Markov model for HER2 metastic breast cancer a a: Adapted from Diaby et al.
201,620; b: Progression-free; SAEs: Serious adverse events.
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probabilities from the literature [19]. Diaby et al. [19]. Approxi-
mated individual patient data (IPD) from PFS and OS KaplaneMeier
curves of published Phase III trials comparing the treatments under
evaluation [17]. Afterward, they fitted five standard parametric
distributions to the IPDs: exponential, Weibull, Gompertz,
lognormal, and log-logistic. The authors fitted log-logistic models
to the reconstructed IPD and derived equations for transition
probabilities using the shape and scale parameters of the fitted
models [19].

2.2. Markov model: cost input parameters

We identified direct medical costs from the TNHIA perspective
(Table 2). Costs were considered for (1) medical visits, (2) acquisi-
tion of treatment, (3) computed tomography scans, (4) laboratory
tests, (5) echocardiograms, and costs associated with (6) managing
AEs (grades 3e4) and (7) end-of-life care. Using the national claim
database in Taiwan [27], the cost of palliative/end-of-life care was
calculated by summing the total medical costs related to mBC pa-
tients starting from their first palliative claim and assigned one
time to patients who experienced disease progression after the
third-line treatment sequence and to those who discontinued
treatment due to AEs. Dosing regimens of HER-2 targeted and
chemotherapeutic agents are mostly weight or body surface area
(BSA) dependent. In order to calculate the appropriate number of
tablets and/or vials per drug and line of therapy, we used the
average Taiwanese female population parameter for height
(155.9 cm) and weight (58.1 kg) and the calculated average BSA of
1.59 m2 [28]. In our base case analysis, we used full unit prices per
tablet or opened vial and incorporated waste in our cost parame-
ters. For example, one vial of Herceptin® contains 440 mg of tras-
tuzumab and has a list price of US$1,852.07. The loading dose
recommendations per guideline are 8 mg/kg of body weight [12].
Using the average Taiwanese body weight of 58.1 kg, the total
trastuzumab loading dose yielded to 464.8 mg and thus 2� 440mg
vials of Herceptin® at a price of US$3,704.14. Details of all price and
dosage calculations can be found in Appendix 1. All cost data were
converted from Taiwanese Dollars (TWD) to U.S. Dollars (USD)
using a rate of 1 USD ¼ 31.92 TWD [29] and were inflated using
2018 as the base year.

2.3. Markov model: health utility input parameters

Health utilities associated with the baseline health state, pro-
gression status, treatment sequence lines, and AEs were derived
from Phase III trials and the literature [34,35,38,39]. We assumed
that health utilities are associated with breast cancer progression
status, therapy lines, and treatment-related AEs. On the basis of our
assumptions, we adjusted health utilities based on progression
status, therapy lines, and AEs. We also accounted for the utility
decrements associated with the progression of the disease and
treatment-related AEs.

2.4. Discounting and half-cycle correction

We converted the 5% annual discount rate [37] to the weekly
discount rate to determine the net present value. Additionally, a
half-cycle correction was applied to costs and health utilities.

2.5. Base case analysis

An efficiency frontier was plotted using the cost-effectiveness
pairs (cost; QALYs) of each treatment strategy. The aim was to
identify and remove dominated treatment options. The non-
dominated treatment sequences were compared pairwise, and
the ICERs derived from these comparisons were established using
the benchmark WTP and NMB.

2.6. Sensitivity and scenario analyses

A tornado analysis was performed to identify the key drivers of
our Markov model for six possible pairwise comparisons among
the treatment sequences. We varied each key parameter according
to their associated range. Baseline values of each model key
parameter were varied between 25% and 50% in the absence of
defined data for the range of a parameter (Table 2).

To examine the robustness of the mean ICERs (95% confidence
intervals) we conducted probabilistic sensitivity analysis (PSA)



Table 2
Model parameters with the ranges for sensitivity analysis.

Description Value (range or 95% CI) PSA (SD) References Distribution

Medical visit ($)
Physician Fees 8.15 (6.11e10.19) 1.02 [30] Gamma

Acquisition cost of treatments ($)
Loading dose pertuzumab (840 mg) 4564.42 (2,282.21e6,846.63) 1141.11 Personal communicationa Gamma
Maintenance dose pertuzumab (420 mg) 2282.21 (1,141.11e3,423.32) 570.55 Personal communicationa Gamma
Loading dose trastuzumab (8 mg/kg) 3704.14 (1,852.07e5,556.21) 926.04 [31] Gamma
Maintenance dose trastuzumab (6 mg/kg) 1852.07 (926.04e2,778.11) 463.02 [31] Gamma
Docetaxel (1 mg) 765.86 (382.93e1,148.79) 191.47 [31] Gamma
Pegfilgrastim (6 mg) 662.68 (331.34e994.02) 165.67 [31] Gamma
TDM1 4,666.48 (2,333.24e6,999.72) 1166.62 Personal communicationa Gamma
Capecitabine (500 mg) 158.27 (79.14e237.41) 39.57 [31] Gamma
Lapatinib (1500 mg daily) 684.18 (342.09e1,026.27) 171.05 [31] Gamma

Management of adverse events (grade 3/4) cost ($)
Pertuzumab þ trastuzumab þ docetaxel 6628.78 (3,351.33e15,468.774) 3029.36 [32] Gamma
Trastuzumab þ docetaxel 4749.98 (2,411.92e11,520.08) 2277.04 [32] Gamma
TDM1 2347.695 (1,166.94e4,626.34) 864.85 [32] Gamma
Lapatinib þ capecitabine 601.43 (297.29e1,160.69) 215.85 [32] Gamma
Trastuzumab þ lapatinib 321.7 (158.98e619.85) 115.23 [32] Gamma
Trastuzumab þ capecitabine 976.68 (519.18e1,954.28) 358.77 [32,33] Gamma
Computed tomography scan ($) 142.86 (107.14e178.57) 17.86 [30] Gamma

Laboratory tests ($)
Blood work 6.27 (4.7e7.84) 0.78 [30] Gamma
Echocardiogram 119.05 (89.29e148.82) 14.88 [30] Gamma
Palliative care/end-of-life ($) 7185.72 (3,592.86e10,778.58) 1796.43 26 Gamma

Utilities
Progression-free under treatment 0.786 (0.485e0.935) 0.113 [34] Beta
Treatment response 0.061 (0.025e0.074) 0.012 [34] Beta
Utility for disease progression under treatment 0.538 (0.196e0.848) 0.163 [34] Beta

Disutility associated with disease progression and adverse events due to treatments
Disease progression 0.248 (0.289e0.087) 0.0504 [34] Nega beta/uniform
Pertuzumab þ trastuzumab þ docetaxel 0.056 (0.098e0.016) 0.0201 [34,35] Nega beta/uniform
Trastuzumab þ docetaxel 0.040 (0.058e0.011) 0.0117 [34,35] Nega beta/uniform
TDM1 0.009 (0.013e0.002) 0.0025 [35] Nega beta/uniform
Lapatinib þ capecitabine 0.018 (0.032e0.004) 0.007 [34] Nega beta/uniform
Trastuzumab þ lapatinib 0.017 (0.026e0.004) 0.006 [34,35] Nega beta/uniform
Trastuzumab þ capecitabine 0.040 (0.075e0.009) 0.016 [34,35] Nega beta/uniform

Shape and scale parameters
OS shape (gamma)

g Pertuzumab þ trastuzumab þ docetaxel 0.544 (0.460e0.642) 0.09264 [19] Gamma
g Trastuzumab þ docetaxel 0.577 (0.501e0.663) 0.08267 [19] Gamma

g TDM1 0.474 (0.414e0.543) 0.06585 [19] Gamma
g Lapatinib þ capecitabine 0.465 (0.357e0.606) 0.12,695 [19] Gamma
g Trastuzumab þ lapatinib 0.588 (0.468e0.740) 0.13,861 [19] Gamma
g Trastuzumab þ capecitabine 0.451 (0.338e0.602) 0.13,475 [19] Gamma
OS scale (lambda)

l Pertuzumab þ trastuzumab þ docetaxel 0.019 (0.016e0.023) 0.00309 [19] Gamma
l Trastuzumab þ docetaxel 0.025 (0.022e0.029) 0.00333 [19] Gamma

l TDM1 0.033 (0.029e0.037) 0.0038 [19] Gamma
l Lapatinib þ capecitabine 0.016 (0.013e0.020) 0.00391 [19] Gamma
l Trastuzumab þ lapatinib 0.019 (0.015e0.024) 0.00427 [19] Gamma
l Trastuzumab þ capecitabine 0.041 (0.033e0.051) 0.00913 [19] Gamma
PFS shape (gamma)

g Pertuzumab þ trastuzumab þ docetaxel 0.622 (0.561e0.690) 0.066 [19] Gamma
g Trastuzumab þ docetaxel 0.555 (0.504e0.612) 0.05464 [19] Gamma

g TDM1 0.611 (0.552e0.675) 0.06293 [19] Gamma
g Lapatinib þ capecitabine 0.516 (0.423e0.630) 0.10,569 [19] Gamma
g Trastuzumab þ lapatinib 0.554 (0.481e0.638) 0.08017 [19] Gamma
g Trastuzumab þ capecitabine 0.508 (0.410e0.630) 0.11,211 [19] Gamma
PFS scale (lambda)
l Pertuzumab þ trastuzumab þ docetaxel 0.052 (0.047e0.058) 0.00597 [19] Gamma
l Trastuzumab þ docetaxel 0.074 (0.067e0.082) 0.00739 [19] Gamma

l TDM1 0.104 (0.093e0.117) 0.01184 [19] Gamma
l Lapatinib þ capecitabine 0.034 (0.028e0.041) 0.00669 [19] Gamma
l Trastuzumab þ lapatinib 0.082 (0.070e0.097) 0.01376 [19] Gamma
l Trastuzumab þ capecitabine 0.115 (0.094e0.142) 0.02444 [19] Gamma
Weekly probability of developing adverse events
Pertuzumab þ trastuzumab þ docetaxel 0.003 (0.001e0.004) 0.00064 [17] Beta
Trastuzumab þ docetaxel 0.002 (0.001e0.003) 0.00049 [17] Beta
TDM1 0.004 (0.002e0.006) 0.00101 [10] Beta
Lapatinib þ capecitabine 0.011 (0.005e0.016) 0.00263 [36] Beta
Trastuzumab þ lapatinib 0.002 (0.000e0.003) 0.00049 [16] Beta
Trastuzumab þ capecitabine 0.006 (0.003e0.009) 0.00144 [18] Beta
Discount rate 0.05 (0e0.1) e [37] Uniform

a The drug prices of pertuzumab and T-DM1 are based on the amount that an individual hospital charges patients (Ko Y. Personal communication. September 24, 2018).
Abbreviations: OS, overall survival; PFS, progression-free survival; PSA, probabilistic sensitivity analysis; SD, standard deviation; TDM1, ado-trastuzumab emtansine.
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Fig. 2. Cost-Effectiveness efficiency frontiers without and with wastage considerations. CEEF: Cost-Effectiveness efficiency frontier. (A) CEEF without wastage and (B) CEEF with
wastage considerations: The blue circle, red triangle, green square, and the yellow plus sign represent the 1st, 2nd, 3rd and 4th sequence respectively. The black line represents the
efficiency frontier. . (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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using 10,000 Monte Carlo simulations and used standard statistical
methods to determine the PSA distribution [40]. Cost-effectiveness
acceptability curves were developed from these simulations.

We performed a scenario analysis to assess the impact of the “no
wastage” assumption on our results. Prices per vial for each intra-
venous drug were broken down and only the exact amounts, based
on body weights and BSA, were incorporated in our cost calcula-
tions. For example, as we calculated the trastuzumab loading dose
of 464.8 mg based on an average body weight of 58.1 kg, the
amount of Herceptin® 440-mg vials needed were 1.056, yielding a
total cost of US$1,955.79 (US$1,852.07 per vial � 1.056). More in-
formation on the cost inputs factoring into the waste scenario can
be found in Appendix 2e.
Table 3
Base case analysis results (without wastage consideration).

Treatment sequence Cost Incr Cost QALY Incr QALY In

All referencing common baseline
3rd 79,958.7 1.275
4th 88,392.98 8434.28 1.407 0.132 63
2nd 162,393 82,434.33 1.781 0.506 16
1st 164,211.4 84,252.69 1.808 0.534 15

Abbreviations: C/E, cost-effectiveness; Incr, incremental; NMB, net-monetary benefit; QA
3. Results

The efficiency frontier scatter plots (no wastage and wastage
considerations) show that 2nd sequence (THP / Trastuz/Lapat /
Trastuz/Cape) is extendedly dominated, where the ICER for the
treatment is higher than a more effective treatment, by other
treatments: 1st sequence (THP / T-DM1 / Cape/Lapat), 3rd
sequence (Trastuz/Docet / T-DM1 / Trastuz/Lapat), and 4th
sequence (Trastuz/Docet/ Trastuz/Lapat/ Trastuz/Cape) (Fig. 2).

After excluding the 2nd sequence, we compared the ICERs of
other non-dominated treatment sequences and found that 1st
sequence (THP / T-DM1 / Cape/Lapat) and 4th sequence (Tras-
tuz/Docet / Trastuz/Lapat / Trastuz/Cape) were not cost-
cr C/E NMB

d ¼ 50,000 d ¼ 100,000 d ¼ 150,000 d ¼ 200,000

�16,225.89 47,506.92 111,239.73 174,972.55
,887.71 �1833.42 4767.45 11,368.31,043 17,969.17
2,919.8 �57,135.27 �31,836.2 �6537.1525 18,761.91
7,888.1 �137,530.26 �30,890.4 �4209.29 22,471.84

LY, quality-adjusted life years.



Table 4
Scenario analysis results with wastage consideration.

Treatment sequence Cost Incr Cost QALY Incr QALY Incr C/E NMB

d ¼ 50,000 d ¼ 100,000 d ¼ 150,000 d ¼ 200,000

All referencing common baseline
3rd 67,128.18 1.275 �3395.37 60,337.45 124,070.26 187,803.07
4th 76,487.72 9359.55 1.407 0.132 70,896.37 �2758.68 3842.18 10,443.05 17,043.91
2nd 147,559.6 80,431.45 1.781 0.506 158,961.4 �55,132.39 �29,833.34 �4534.28 20,764.77
1st 149,759 82,630.86 1.808 0.534 154,848.9 �55,949.73 �29,268.59 �2587.46 24,093.67

Abbreviations: C/E, cost-effectiveness; Incr, incremental; NMB, net-monetary benefit; QALY, quality-adjusted life year.
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effective compared with 3rd sequence (Trastuz/Docet/ T-DM1/

Trastuz/Lapat)dexcept for a US$200,000 WTP threshold was set at
(Table 3). On the basis of the NMB approach, we found that the 3rd
sequence returned the greatest benefit, followed by the 1st and 4th
sequences, respectively (Table 3).
3.1. Sensitivity and scenario analyses

The tornado analysis suggests that our results are not sensitive
to changes in the parameters of the Markov model. The model was
sensitive to costs and transition probabilities.

Although the wastage assumption affected themagnitude of the
Fig. 3. Cost-effectiveness acceptability curves without and with wastage considerations.
without wastage (A) and with wastage considerations (B): The blue, purple, green and orang
the references to colour in this figure legend, the reader is referred to the Web version of
estimated ICERs, it did not change the ranking of the treatment
sequences obtained in the base case analysis (Table 4).

The results of the PSA confirmed the robustness of our results. In
all cases (without and with consideration of drug wastage), THP/

T-DM1/ Cape/Lapat had a 100% probability of being cost-effective
when the WTP was set above US$200,000 (Fig. 3).
4. Discussion

Sequential HER-2 -directed therapies have led to significant
improvements in outcomes for patients with metastatic HER-2
overexpressing breast cancer [5]. Nonetheless, these medications
. CEACs: Cost-effectiveness Acceptability Curves. Cost-effectiveness acceptability curves
e lines represent the 1st, 2nd, 3rd and 4th sequence respectively. (For interpretation of
this article.)
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are associated with a high price tag. In this study, we analyzed the
ideal sequence from a pharmacoeconomic standpoint for the three
FDA approved therapies for the Taiwanese patient population.
Sequence 3, first-line trastuzumab plus docetaxel, followed by
second-line ado-trastuzumab emtansine, and third-line trastuzu-
mab/lapatinib was the most cost-effective sequence, dominating
sequences 1, 2, and 4. Despite its higher clinical efficacy, sequence 1
(pertuzumab, trastuzumab, docetaxel, followed by ado-
trastuzumab emtansine, followed by capecitabine and lapatinib)
was not considered cost-effective (WTP < US $200,000) based on
current drug costs. However, it is important to note that there is an
ongoing debate on whether the WTP threshold used in economic
evaluations of oncologic and non-oncologic interventions should
be the same [41e43]. If a higher WTP threshold were adopted,
sequence 1 could also be a cost-effective treatment strategy.

The results found in the current study were robust to variability
and uncertainty in the parameter estimates of the Markov model
used. Our study reinforces the results of an earlier study conducted
using the Taiwanese NHI perspective which also finds that trastu-
zumab plus docetaxel was the most cost-effective first-line treat-
ment [15]. Our study however also finds that second-line ado-
trastuzumab emtansine and third-line trastuzumab/lapatinib is the
most cost-effective treatment sequence. Additionally, with the
potential market approval of a Trastuzumab biosimilar in Taiwan in
2020, it is likely that treatment sequences incorporating trastuzu-
mab as first-line treatment will continue to remain the most cost-
effective treatment option.

The results of the current study are also similar to those re-
ported in the United States by Diaby et al. [19]. The least clinically
effective sequence (generating an extra 1.275 QALYs), but most
cost-effective, was trastuzumab/docetaxel as a first-line therapy, T-
DM1 as a second-line one, and trastuzumab/lapatinib as a third-
line one (Trastuz/Docet / T-DM1 / Trastuz/Lapat). In the
United Kingdom, the National Institute for Clinical Excellence
considers a new technology cost-effective when its incremental
cost per QALY gained, compared to the standard of care, is £30,000
or less [44]. TheWorld Health Organization considers interventions
that are less than the national income per capita as very cost-
effective and a cost of up to three times GDP per capita as cost-
effective [45]. However, using these alternate thresholds,
sequence 1 (pertuzumab, trastuzumab, docetaxel, followed by ado-
trastuzumab emtansine, followed by capecitabine and lapatinib) is
still not considered cost-effective in the Taiwanese setting.

As most health economic studies, ours has limitations. Our
model did not include the cost of imaging often obtained for
restaging and defining progression, which leads to subsequent
therapies. Nonetheless, we judged that these costs would be similar
across all sequences and would therefore not materially affect our
findings. The model also did not include the addition of hormonal
therapies, which are often used in combination with HER-2
-directed therapies in patients who are estrogen receptor positive
in addition to being HER-2 positive. We used several assumptions
to build the Markov model to simulate the costs and effectiveness
of the treatment sequences that were evaluated. The impact of
these assumptions and inherent uncertainty were tested in several
sensitivity and scenario analyses, which showed the robustness of
our findings.

Notwithstanding the limitations of this study, it is our belief that
its conception and implementation were done in light of interna-
tional guidelines for the conduct of state of the art economic
evaluations [46]. In addition, our analyses accounted for the impact
of drug wastage on the cost-effectiveness of the treatment se-
quences compared.

In summary, the most cost-effective treatment sequence in our
study is not concordant with the most clinically effective strategy.
Given the clinical benefit of pertuzumab in the first-line setting,
most practitioners would likely not implement sequence 3 (Tras-
tuz/Docet / T-DM1 / Trastuz/Lapat) if reimbursement for per-
tuzumab was universal in Taiwan. Nonetheless, given the lack of
coverage of pertuzumab by the TNHIA, Trastuz/Docet/ T-DM1/

Trastuz/Lapat is the ideal sequence from a pharmacoeconomic
standpoint. We need to bring all stakeholders involved in breast
cancer treatment decisions together in order to plug this gap.
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