PharmacoEconomics - Open (2021) 5:437-447
https://doi.org/10.1007/541669-020-00254-3

ORIGINAL RESEARCH ARTICLE q

Check for
updates

Economic Evaluation of First-Line Pertuzumab Therapy in Patients
with HER2-Positive Metastatic Breast Cancer in Japan

Kensuke Moriwaki'?® - Saki Uechi? - Takaaki Fujiwara?® - Yu Hagino? - Kojiro Shimozuma'-

Accepted: 27 December 2020 / Published online: 23 January 2021
© The Author(s) 2021

Abstract

Objective The purpose of this analysis was to evaluate the cost effectiveness of the combination of pertuzumab, trastuzumab,
and docetaxel (PTD) for the treatment of patients with human epidermal growth factor receptor-2 (HER2)-positive breast
cancer in Japan.

Methods A partitioned survival analysis model was developed to predict costs and quality-adjusted life-years (QALYSs) in
a PTD arm and a trastuzumab plus docetaxel (TD) arm. Direct medical costs were considered from the perspective of the
Japanese healthcare system. The time horizon of the model was set to 20 years. Data on overall survival and progression-
free survival were derived from the CLEOPATRA trial. Cost parameters were estimated using a real-world claims database.
Utilities were derived from published sources outside Japan. The incremental cost-effectiveness ratio (ICER) of PTD therapy
compared with TD therapy was estimated. Sensitivity analysis was conducted to assess the uncertainty in parameter settings.
Results Compared with TD therapy, PTD therapy incurred an additional cost of $US174,479 and conferred an additional
0.949 QALYs. This resulted in an ICER of $US183,901 per QALY gained. Utility weights for progression-free survival and
progressed disease had a relatively large impact on the base-case result, but the ICERs remained higher than $US75,000
per QALY over the full range of model parameters. Based on a probabilistic sensitivity analysis, the probability that PTD is
cost effective was estimated to be 3.3%.

Conclusions Applying a willingness-to-pay threshold of $US75,000 per QALY, PTD therapy as first-line therapy would
not be cost effective. Further research is required on utilities and clinical benefits for Japanese patients with breast cancer.

1 Introduction

In recent years, the incidence of breast cancer has been
increasing in Japan. The age-adjusted incidence was 57.3
cases per 100,000 people in 2005 and 95.4 cases per 100,000
people in 2015, an increase of 1.67 times in 10 years [1].
According to estimated Japanese national medical care
expenditure in 2017, the annual total medical costs for
malignant neoplasms were $US43.766 billion (assuming
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$US1= 100 Japanese yen [JPY]), of which breast cancer-
related costs were $US3.495 billion, accounting for 7.99%
of total cancer costs [2]. Breast cancer-related expenditures
have increased 38% over the last decade, and the socioeco-
nomic burden of breast cancer tends to increase year by year
[2].

Human epidermal growth factor receptor 2 (HER2)-
positive breast cancer, which accounts for approximately
20% of all breast cancer, has a higher malignancy rate and
a poorer prognosis than HER2-negative breast cancers [3].
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Key Points for Decision Makers

Although current guidelines recommend the combina-
tion of pertuzumab, trastuzumab, and docetaxel (PTD)
as a first-line therapy for patients with human epidermal
growth factor receptor-2 (HER?2)-positive breast cancer,
the cost effectiveness of PTD in Japan remains contro-
versial.

Our results indicate that PTD therapy would not be cost
effective from the Japanese public healthcare payer’s per-
spective and were robust except for some settings related
to patient quality of life.

In April 2019, Japan formally implemented a cost-effec-
tiveness evaluation system to adjust the prices of health
technologies.

If the price adjustment rule is applied to our results,

the incremental cost-effectiveness ratio of pertuzumab
($US 183,901 per quality-adjusted life-year [QALY])
exceeds $US150,000 per QALY; therefore, the premium
price for pertuzumab would be reduced by 90%.

The current clinical guidelines recommend combination
therapy with pertuzumab plus trastuzumab plus docetaxel
(PTD) as a first-line therapy for patients with HER2-positive
metastatic or recurrent breast cancer [4]. Pertuzumab is a
molecularly targeted drug approved in Japan in 2013, and its
additional clinical benefit over trastuzumab plus docetaxel
(TD) alone was confirmed in a randomized controlled trial
(CLEOPATRA) [5].

While pertuzumab is an efficacious drug, it is relatively
expensive, and there is interest in determining its cost effec-
tiveness [4]. Several cost-effectiveness analyses of pertu-
zumab as a first-line treatment for HER2-positive metastatic
breast cancer outside Japan have previously estimated the
incremental cost-effectiveness ratio (ICER) of PTD com-
pared with TD [6-9]. These studies indicated that PTD
combination therapy appears not to be more cost effective
than control treatment, applying a willingness-to-pay (WTP)
threshold of $US50,000-100,000 per quality-adjusted
life-year (QALY) [6-9]. However, no studies to date have
examined the cost effectiveness of pertuzumab as a first-line
therapy for HER2-positive metastatic breast cancer from the
Japanese healthcare payer’s perspective.

Evidence from the previous studies may not be applicable
to healthcare decision making in Japan given the differences
in healthcare systems, including drug prices, treatment fees,
and socially acceptable thresholds for the ICER. Since 2019,
clinical and economic evidence has been used to adjust
the prices of health technologies in Japan [10]. As such,
economic evaluations from the Japanese public healthcare
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payer’s perspective will be increasingly important, espe-
cially in the oncology field, where treatments are becoming
more expensive. Therefore, we conducted a model-based
economic evaluation to assess the cost effectiveness of PTD
combination therapy in patients with HER2-positive meta-
static or recurrent breast cancer, aiming to support health-
care decision making in Japan.

2 Methods
2.1 Model-Based Cost-Effectiveness Analysis

A model-based, cost-effectiveness analysis was conducted to
evaluate the cost effectiveness of PTD combination therapy
from the perspective of Japan’s health insurance payer. We
targeted Japanese women with HER2-positive metastatic
or recurrent breast cancer without a treatment history as a
hypothetical cohort. The current clinical guideline recom-
mends PTD as a first-line therapy for patients with HER2-
positive metastatic or recurrent breast cancer [4]. Trastu-
zumab plus chemotherapy or trastuzumab emtansine is also
recommended as the next-best treatment [4]. In the current
study, we selected TD as a comparator in terms of the avail-
ability of evidence for the additional benefit of pertuzumab.
In this study, we assumed that the characteristics of Japanese
patients with HER2-positive breast cancer were similar to
those of the patient population of CLEOPATRA [5].

We developed a partitioned survival analysis (PartSA)
model to predict long-term costs and QALY's associated
with each therapy [11]. In the PartSA model, the prognosis
of patients with breast cancer was modeled in three states:
“survival in the progression-free state,” “survival after pro-
gression,” and “death” [11]. Utility weights and costs per
cycle were set for each health condition. For cost-effective-
ness analysis based on PartSA, we applied parametric func-
tions (the Weibull function, lognormal function, etc.) to the
Kaplan—Meier curves of progression-free survival (PFS)
and overall survival (OS) obtained in the CLEOPATRA trial
[5]. Next, using the parametric functions fitted to PFS and
OS, we calculated the change over time of the proportion of
patients existing in each state. By multiplying the estimated
patient proportion with the cost per cycle and utility value
of each condition, the expected long-term costs and QALY's
were calculated.

Based on the estimated expected costs and expected
QALYs, the ICER was estimated as an indicator of cost
effectiveness using the following formula: ICER = (Cost
prp — Cost )/ (QALY prp — QALY ). A WTP threshold
of $US75,000 (JPY7.5 million, assuming $US1 = JPY100)
per QALY gained was used as the acceptable level for the
ICER of anticancer drugs [12]. The time horizon of the
analysis was set to 20 years. Based on cost-effectiveness
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assessment guidelines in Japan, a discount rate of 2% per
annum was applied to long-term costs and the QALY [13].
The life-years were also discounted. The cycle length of the
model was defined as 1 month. Half-cycle correction was
used in the simulation process. The model was developed
and analyzed using TreeAge Pro 2019 (TreeAge Software
LLC. Williamstown, MA, USA).

2.2 Curve Fitting

To estimate the PFS and OS of each treatment group
required for simulation using PartSA, a parametric function
fitting (curve fitting) to the Kaplan—Meier curves of the clin-
ical trial was performed. Curve fitting requires patient-level
data of survival time collected in clinical trials, but generally
these are not published or provided, so alternative methods
need to be considered. In this study, we created a patient-
level time-to-event data set using the methods proposed by
Guyot et al. [14]: (1) we extracted plot information of time
and cumulative survival probability from the image data of
the Kaplan—Meier curves; (2) based on the plot information
and the number-at-risk data reported in the clinical trial, we
created the patient-level time-to-event data set.

WebPlotDigitizer (version 4.3) was used to extract plot
information. We used R (v. 3.6.3) to create the patient-level
data set. We used the image data of the Kaplan—Meier curves
on PFS and OS in the CLEOPATRA trial to create a patient-
level time-to-event data set [5, 14]. In the curve fitting, the
following parametric functions were used: (1) exponential
function, (2) Weibull function, (3) lognormal function, (4)
log-logistic function, (5) Gompertz function, and (6) gener-
alized gamma function. Curve fitting was performed using
Stata 16 (Stata Corp LLC., College Station, TX, USA). The
optimal function for base-case analysis was determined
based on visual inspection and statistics such as Akaike
information criteria (AIC) and Bayesian information crite-
ria (BIC). The AIC and BIC for the fitted curves are shown
in Table 1 in the electronic supplementary material (ESM).
We selected the Weibull function and lognormal function
for the OS and PFS curves, respectively. Additionally, we
assumed that the proportional hazards assumptions between
treatment groups were met, and we developed Weibull and
lognormal models including the covariate of the treatment
effect of PTD (Table 1).

2.3 Costs

We considered only direct medical costs from the per-
spective of the Japanese healthcare system. Table 1 sum-
marizes the input values for the cost parameters. All costs
were calculated in JPY and converted to $US with a cur-
rency exchange rate of $US1=JPY100 (as in 2020). In this
model, the following cost parameters were set: (1) monthly

treatment costs before disease progression in each group, (2)
monthly other medical costs before disease progression in
each group, (3) monthly medical costs after disease progres-
sion, and (4) end-of-life medical costs (per case).

The above cost parameters were estimated using the
claims database provided by Japan Medical Data Center
Co., Ltd. JMDC). The JIMDC claims database is the larg-
est real-world database for commercial use in Japan, and it
collects subscriber registry, receipts (hospitalization, outpa-
tient, and dispensing receipts), and medical examination data
received from insurers. In this database, a unique identifier
is assigned to each subscriber so that tracking is possible
even if a transfer takes place or multiple facility visits occur.
However, elderly people (aged >75 years) are not included.
In this research, from January 2005 to January 2017, data
for 17,745 subjects that included the following International
Classification of Diseases, Tenth Revision codes related to
breast cancer were extracted and analyzed: C50.0, C50.1,
C50.2, C50.3, C50.4, C50.6, C50.8, C50.9, C78.0, C79.2,
C79.5, C79.8, D05.9, and T88.9. Although the medical fee
schedule in Japan is revised once every 2 years, the cost
parameters were estimated based on the unit price at the time
the medical resources were consumed.

The average medication expenses for 1 month for the
use of PTD therapy and TD therapy was estimated as the
drug costs of the progression-free state in each group. Simi-
larly, the average medical expenses other than drug treat-
ment expenses for 1 month for the use of PTD therapy and
TD therapy was estimated as the other medical costs of the
progression-free state in each group. The average monthly
medical expenses since the last month that PTD therapy was
used was estimated as the medical costs after disease pro-
gression. We assumed that the monthly medical costs after
disease progression were the same in both treatment arms
because the treatment pattern received by patients who dis-
continued PTD or TD was similar in the CLEOPATRA trial
[5]. The total medical expenses for 3 months before death
were defined as the terminal care cost and estimated as end-
of-life medical costs per case. Additionally, we assumed that
the consumption of medical resources in the terminal phase
was the same in both treatment arms.

2.4 Utility Weights

In this analysis, the utility weights before the disease pro-
gression state and after the disease progression state in each
treatment group were set as shown in Table 1. The baseline
utility weights of the progression-free state in the PTD and
TD arms were derived from a report valuing the health sta-
tus of patients with breast cancer using the standard gamble
method (SG) in the general population in UK [15, 16]. In
addition, disutility due to adverse events (AEs) was con-
sidered in the progression-free state [15—17]. Disabilities
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Table 1 Survival curve settings and parameter inputs

Settings and inputs Estimate SE Plausible range Distribution References
Survival function
Parameter for Weibull function for OS
Covariate of efficacy of PTD vs. TD 0.6753 0.0700 0.5512 0.8274 Gamma [5, 14]
Ramada 0.0059 0.0013 0.0038 0.0092 Gamma [5, 14]
Kappa 1.2654 0.0580 1.1568 1.3843 Gamma [5, 14]
Parameter for lognormal function for PFS
Covariate of efficacy of PTD vs. TD 0.4174 0.0851 0.2507 0.5841 Gamma [5, 14]
Mu 2.6037 0.0597 2.4866 2.7208 Gamma [5, 14]
Sigma 1.1510 0.0348 1.0847 1.2214 Gamma [5, 14]
Cost parameter
Drug treatment cost before disease progression
P ($US per month) 3263 - 3247 3340 - JMDC
TD ($US per month) 2529 62 2409 2650 Gamma JMDC
Other medical cost before disease progression
PTD arm ($US per month) 1007 47 915 1100 Gamma JMDC
TD arm ($US per month) 1245 88 1,073 1418 Gamma JMDC
Medical cost after disease progression®
PTD arm ($US per month) 5404 244 4925 5883 Gamma JMDC
TD arm ($US per month) 5404 244 4925 5883 Gamma JMDC
End-of-life medical cost ($US per case)®
PTD arm ($US per month) 14,340 178 13,992 14,689 Gamma JMDC
TD arm ($US per month) 14,340 178 13,992 14,689 Gamma JMDC
Utility parameter
Baseline utility before disease progression
PTD arm 0.786 0.163 0.485 0.935 Beta [15, 16]
TD arm 0.786 0.163 0.485 0.935 Beta [15, 16]
Disutility due to AE event
PTD arm 0.056 - 0.016 0.098 Triangle [15-17]
TD arm 0.040 - 0.011 0.058 Triangle [15-17]
Cycle probability of AE event
PTD arm (per month) 0.0130 0.0033 0.0043 0.0173 Beta [15, 18]
TD arm (per month) 0.0087 0.0022 0.0043 0.0130 Beta [15, 18]
Utility after disease progression
PTD arm 0.538 0.163 0.196 0.848 Beta [15, 16]
TD arm 0.538 0.163 0.196 0.848 Beta [15, 16]
Discount rate (%) 2 - 0 4 - [13]

AE adverse event, JMDC Japan Medical Data Center Co., Ltd. database, OS overall survival, P pertuzumab, PFS progression-free survival, PTD
combination therapy of pertuzumab, trastuzumab, and docetaxel, SE standard error, 7D combination therapy of trastuzumab and docetaxel

2 Assumed the same in both arms.

associated with AEs were not necessarily limited to breast
cancer and were indirectly estimated from data based on
the SG and assumptions [15, 17]. The monthly probability
of AE in the PTD and TD arms was calculated based on the
values reported in a previous study and in the CLEOPATRA
trial [15, 18]. The utility weights after disease progression in
the PTD and TD arms were assumed to be the same [15, 16].

I\ Adis

2.5 Sensitivity Analysis

In this study, one-way sensitivity analysis was performed
on the parameters set in the model. Here, 95% confidence
intervals (CIs) were used for the plausible ranges of the sur-
vival function and cost parameters (Table 1). Regarding the
plausible range of drug costs for pertuzumab, we calculated
and set the worst-case and best-case price based on the Japa-
nese price adjustment system. Under the current Japanese
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health technology assessment (HTA) system, the premium
drug price is adjusted according to the cost-effectiveness
level of the drug. In the best case, the premium increases by
50%, whereas in the worst case, the premium decreases by
90% [10]. Pertuzumab was given a 5% premium increase to
the base price at approval [19]. Therefore, the worst case and
best case drug cost for pertuzumab was as follows: worst-
case cost = $US3107.4 (base cost) + 155.4 (premium) X 0.1
(90 % decreased) = $US3247.2; best-case cost = $US3107.4
(base cost) + 155.4 (premium) X 1.5 (50 % increased) =
$US3340.4 (Table 1). For the utility parameters, we used the
values reported in the previous study to set their plausible
ranges (Table 1). The results of the sensitivity analyses are
summarized as a tornado diagram.

In this study, scenario sensitivity analyses on the selection
of parametric functions for OS and PFS were conducted.
We also performed scenario analyses applying the results of
subgroup analysis in the CLEOPATRA trial [5]. The sub-
group analysis showed that the hazard ratios of OS and PFS
in the Asian population (261 patients) were 0.82 (95% CI
0.58-1.17) and 0.77 (95% CI 0.58-1.03), respectively [5]. In
addition, the subgroup analysis in the Japanese population
(53 patients) indicated that the hazard ratios of OS and PFS
were 1.17 (95% C10.36-3.88) and 1.92 (95% CI1 0.91-4.04),
respectively [20]. These hazard ratios were applied to the OS
and PFS curves in the TD arm to predict the OS and PFS in
the PTD arm.

Probabilistic sensitivity analyses were performed using
1000 iterations of a second-order Monte Carlo simulation to
examine the influence of parameter uncertainty on the cost
effectiveness. Probabilistic distributions of the parameters
used in the probabilistic sensitivity analyses are shown in
Table 1. We applied a relevant distribution for each variable
in the model if data on variability were available. In each of
the 1000 simulations, the value for each model input was
randomly selected from its distribution. Based on the results
of the second-order Monte Carlo simulation, we constructed
cost-effectiveness acceptability curves and estimated the
proportion of iterations in which PTD therapy would be
preferred in terms of cost effectiveness, assuming a WTP
threshold of $US75,000 per QALY gained.

3 Results
3.1 Base-Case Analysis

Changes in the proportion of patients in progression-free
and progressed disease (PD) states for each group were esti-
mated as shown in Fig. 1a and b. The results of the base-case
analysis are shown in Table 2. The average survival time in
the progression-free state was 2.954 years in the PTD arm
and 2.039 years in the TD arm. Additionally, the average

survival time in the PD state was 2.672 years in the PTD arm
and 2.243 years in the TD arm. Furthermore, the QALY's of
the PTD and TD groups were 3.725 and 2.776, respectively.
Pertuzumab conferred 0.949 additional QALY's. Meanwhile,
the total costs in the PTD and TD groups were $US423,509
and 249,029, respectively. The incremental cost of using per-
tuzumab was $US174,479. From these results, the ICER of
PTD therapy compared with TD therapy was estimated to
be $US183,901 per QALY gained.

3.2 Sensitivity Analysis

The results of the one-way sensitivity analysis are shown in
a tornado diagram (Fig. 2). Factors that greatly affected the
cost effectiveness of pertuzumab were the utility values of
the progression-free and PD states. The parameter that most
strongly affected the ICER of pertuzumab was the utility
value of the PD state in PTD therapy. The best-case ICER
was estimated at $US98,189 per QALY, and the worst-case
ICER was estimated at $US4,974,429 per QALY. Compared
with that of the utility settings, the effect of the other param-
eters on the ICER was limited.

The results of the scenario analyses on the selection of
parametric functions for OS and PFS are summarized in
Table 2 and Fig. 1 in the ESM. The best-case ICER was
estimated at $US168,084 per QALY in the exponential
curve setting, and the worst-case ICER was $US203,524 per
QALY in the Gompertz curve settings. The ICERs remained
higher than $US75,000 per QALY over the full range of
model parameters and in all curve settings. The results of the
scenario analyses applying the treatment effect of subgroup
in the CLEOPATRA trial are summarized in Tables 3 and
4 in the ESM. Applying the treatment effect in the Asian
subgroup, the ICER of PTD therapy was estimated to be
$US460,726 per QALY gained. Assuming the treatment
effect in the Japanese subgroup, PTD therapy was domi-
nated by TD therapy.

The results of the probabilistic sensitivity analyses are
summarized in Fig. 3a. Cost-effectiveness acceptability
curves constructed on the basis of the scatter plot are shown
in Fig. 3b. Using a WTP threshold of $US75,000 per QALY
gained, the probability that PTD therapy was more cost
effective than TD therapy was estimated to be 3.3%.

4 Discussions

Although the current Japanese guidelines recommend
PTD as a first-line therapy for patients with HER2-positive
metastatic or recurrent breast cancer, the cost effectiveness
of PTD in a real-world setting in Japan remains contro-
versial [4]. In this economic evaluation, we estimated the
cost effectiveness of adding pertuzumab to TD in treating
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Fig. 1 Results of survival curve (A)
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HER2-positive metastatic breast cancer from the Japanese
public healthcare payer’s perspective. Durkee et al. [6] per-
formed a cost-effectiveness analysis on pertuzumab as a
first-line treatment for HER2-positive metastatic breast can-
cer from the payer’s perspective in the USA and estimated
the ICER of PTD compared with TD to be $US472,668
per QALY gained [6]. In addition, Diaby et al. [7] also
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conducted an economic evaluation of PTD from the payer’s
perspective in the USA, reporting an ICER of pertuzumab
of $US344,410-398,444 per QALY. Furthermore, Leung
et al. [8] estimated the ICER of PTD compared with TD
to be $US593,741 per QALY by using the national claims
database in Taiwan. Consistent with previous studies, we
found that PTD was unlikely to be cost effective at a WTP
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Table 2 Results of base-case analysis

ICER ($US/LY) ICER (SUS/QALY)

Incremental cost

Years in PD LY Incremental LY QALY Incremental  Cost
QALY

Years in PFS

Treatment

249,029
423,509

2.776
3.725

2.243 4.282

2.039

TD arm

129,849 183,901

174,479

0.949

1.344

2.672 5.626

2.954

PTD arm

Durations are presented in years; costs are presented in $US

ICER incremental cost-effectiveness ratio, LY life-year, PD progressed disease, PFS progression-free survival, PTD combination therapy of pertuzumab, trastuzumab, and docetaxel, QALY

quality-adjusted life-year, 7D combination therapy of trastuzumab and docetaxel

threshold of $US75,000 per QALY gained. The ICER of
PTD compared with TD tended to be lower than that of
previous studies. While the ICER in the Japanese setting
was $US183,901 per QALY gained, the ICER in the other
countries ranged from $US344,410 to 593,741 per QALY
[6-8]. There are several possible explanations for this gap,
one of which is the difference in the drug price of pertu-
zumab, which is lower in Japan than in other countries [6,
7]. According to the Japanese drug price standard, the drug
price of pertuzumab was calculated to be $US2318.86 per
420 mg/14 ml single vial, which is approximately 60% of
the foreign average price ($US3853.27 per 420 mg/14 ml
single vial) [19].

Another factor influencing this discrepancy is the dis-
count rate used for the simulation. In previous studies in
the USA, a discount rate of 3-3.5% was applied, whereas
we used a discount rate of 2% in accordance with the guide-
lines for cost-effectiveness assessment in Japan [6, 7, 13].
Because of this difference, the incremental effectiveness in
our analysis was somewhat higher, and the ICER might be
estimated to be relatively low.

In previous studies, a Markov model that takes into
account the health state, such as post—second-line treatment
and hospice care, was used, whereas a PartSA model was
used in the present analysis [6—8]. We considered the PartSA
model to be a better approach for a variety of reasons. First,
we aimed to avoid the uncertainty that comes from addi-
tional assumptions depending on the complex Markov model
structure. Second, we needed to simplify the parameter set-
tings, such as risk, efficacy, cost, and utility weight, because
of limitations in the data availability in Japan. Third, the
structure of the PartSA model had better affinity with the
endpoints used in clinical trials for anticancer treatment,
such as OS and PFS. In recent years, Guyot et al. [14] pro-
posed a method of constructing pseudo-patient-level sur-
vival time data by simulation from the image data of the
Kaplan—Meier curves and the number-at risk table. Guyot’s
method is widely used in economic evaluation and has been
suggested to be superior in performance than other methods
[21]. Although we did not have access to a patient-level time-
to-event dataset in a clinical trial such as CLEOPATRA, this
proposed method allowed a cost-effectiveness analysis based
on the PartSA model with pseudo-patient-level data. Finally,
in recent years, the PartSA model has been widely accepted
in the process of HTA for metastatic/recurrent cancer in
HTA organizations such as the UK National Institute for
Health and Care Excellence [11].

The novelty of this study was in clarifying the cost
effectiveness of PTD using a real-world claims database
that reflects clinical practice in Japan. The JMDC claims
database is the largest epidemiological receipt database for
commercial use in Japan. In this database, a unique ID is
assigned to each patient, and it is possible to track patients
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Incremental cost-effectiveness ratio ($ per QALY gained)

-500,000 500,000 1,500,000 2,500,000 3,500,000 4,500,000 5,500,000
Utility of PD in PTD arm [0.196 ~ 0.848] | 98,189 ﬂ 4,974,429
Utility of PF in PTD arm [0.485 ~ 0.935] | 126,175 _ 52.426,604
Utility of PD in TD arm [0.196 ~ 0.848] {101,679 B : 688,729
Utility of PF in TD am [0.485 ~ 0.935] {112,570 BN 267948
Treatment effect on OS (Parameter of weibull distribution) [0.551 -~ 0.827] | 163,263 || 228 655
Treatment effect on PFS (Parameter of lognomal distribution) [0.251 ~ 0.584] | 172,799 | 197802
Medical cost of PD in PTD arm ($ / month) [4925.32 ~ 5582 62] | 167,715 | 189,925
Medical cost of PD in TD arm ($ / month) [4925.32 ~ 5582 62] 178,842 | 197,492
Discount rate [0 ~ 0.04] 177,990 190,009
Medical cost of PF in TD arm ($ / month) [1072.78 ~ 1417 .75] 179,538 188253
Medical cost of PF in PTD am (§ / month) [914.98 - 1009 84] 180,483 187,295
Drug cost of TD ($/ month) [2408.77 ~ 2649 94] 180,834 186927
Drug cost of P ($ / month) [3247.22 ~ 3340 443738 183,328 186.763
Terminal care cost n TD arm ($ / case) [13902 ~ 14688.69]) | 183568 184238
Terminal care cost in PTD amn ($ / case) [13992 ~ 14688.69] | 183577 184221
Disutility due to PTD [0.016 - 0.098] | 183603 184204
Probability of AE in PTD am (monthly) [0.004340941 ~ 0.017276751] 163625 184039
Disutility due to TD [0.011 ~ 0.058] 18% 886
Probability of AE in TD arm (monthly) [0.004340941 ~ 0.012979282] 163 880
mlower case higher case

Fig.2 Results of deterministic sensitivity analyses

even if they are transferred to another hospital or visit mul-
tiple facilities. By using this database, we were able to esti-
mate the ICER, taking into account the real-world settings
in Japan, including medical fees, drug prices, and medical
resource consumption. From the results of the one-way sen-
sitivity analysis, the influence of uncertainty in estimating
cost parameters was considered to be limited.

In Japan, a new HTA system that utilizes economic evalu-
ation evidence in adjusting the price of new healthcare tech-
nology was started in FY2019 [10, 12]. This system adopts a
rule to recalculate the premium in the price of a target tech-
nology according to its ICER level. In the process of repric-
ing technologies that require special considerations, such as
anticancer drugs, three threshold values for the ICER were
set, as follows: $US75,000, $US112,500, and $US150,000
per QALY [12]. If the ICER is less than $US75,000 per
QALY, no price adjustment is made [12]. On the other
hand, if the ICER exceeds $US75,000 per QALY, the pre-
mium is recalculated in stages as follows: (1) the premium
is reduced by 30% if the ICER ranges from $US75,000 to
112,500 per QALY, (2) the premium is reduced by 60% if
the ICER ranges from $US112,500 to 150,000 per QALY,
and (3) the premium is reduced by 90% if the ICER exceeds
$US150,000 per QALY [12]. Pertuzumab was given a 5%
premium increase to the base price at approval [19]. If
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this rule is applied to our results, the ICER of pertuzumab
($US183,901 per QALY) exceeds $US150,000 per QALY;
therefore, the premium will be adjusted to be 0.5% (5% X
0.1) [12, 19]. Although pertuzumab has not been selected
as a target technology, our approach using a PartSA model
is useful and applicable, particularly in the evaluation of
expensive anticancer drugs, because the estimate of ICER
is directly linked to decision making in price adjustments in
Japan. Our approach is expected to support policy decisions
such as price adjustments.

There are three main limitations to this study. First, we
used utility weights derived from previous studies performed
in countries other than Japan because of a lack of domestic
data. The results of the one-way sensitivity analysis indi-
cated that the plausible range of utility parameters was wide
and that the influence on the ICER was relatively large. In
particular, the utility weight of the PD state in the PTD arm
had the greatest influence, which resulted in the best-case
ICER of $US98,189 per QALY. If the Japanese repricing
rule was applied, the decision making in price adjustment
might change. Therefore, to improve the accuracy and preci-
sion of ICER estimates, it is important to accumulate utility
data from patients with breast cancer that reflect Japanese
preferences.
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Second, the CLEOPATRA study indicated race-depend-
ent heterogeneity in estimating the efficacy of pertuzumab
[5]. Hazard ratios (HRs) for OS and PFS were reported to
be 0.67 (95% CI 0.55-0.82) and 0.68 (95% CI 0.58-0.80),
respectively, among all patients (808 patients) in the
CLEOPATRA trial [5]. On the other hand, the subgroup
analysis showed that the HRs of OS and PFS in the Asian
population (261 patients) were 0.82 (95% CI 0.58-1.17) and
0.77 (95% CI 0.58-1.03), respectively [5]. In addition, the
subgroup analysis in the Japanese population (53 patients)
indicated that the HRs of OS and PFS were 1.17 (95% CI
0.36-3.88) and 1.92 (95% CI1 0.91-4.04), respectively [20].

50,000 100,

000 150,000 200,000 250,000 300,000 350,000 400,000
Willingness to pay threshold ($ per QALY)

TD

Willingness to pay threshold of $75,000 per QALY

These results indicate that the clinical benefit of pertuzumab
tends to be smaller among Asian patients than among other
populations. Our results from the scenario analyses assum-
ing the treatment effect in the Asian subgroup showed that
the ICER of PTD therapy ($US460,726 per QALY) was
higher than the base-case result (§US183,901 per QALY).
Also, the scenario analyses indicated that PTD therapy was
dominated by TD therapy applying the treatment effect in
the Japanese subgroup. Although the subgroup analysis
should be interpreted with caution because of the small sam-
ple size, imbalance of background factors between treatment
groups, and lack of statistical power, our analysis might have
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overestimated the incremental effect and underestimated the
ICER.

Third, there were specific limitations in cost estimation
based on claims data such as comparability between PTD
and TD group, the separability of unrelated medical costs,
and data availability in the older population. Although sen-
sitivity analyses showed that cost parameters had a limited
impact on the base-case result, these limitations might sys-
tematically bias the ICER estimate.

5 Conclusions

For a WTP threshold of $US75,000 per QALY, PTD as
first-line therapy would not be cost effective. Further study
is required on utility and clinical benefits in the Japanese
population.
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