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Abstract
Background and Objective Trastuzumab is a standard care as adjuvant chemotherapy (AdjCT) for patients with human 
epidermal growth factor receptor 2 (HER2)-positive primary breast cancer (BC) in Japan. However, no reports have evalu-
ated its economics for patients with HER2-positive BC over 70 years of age. The objective of this study was to evaluate the 
cost-effectiveness of HER2-targeted trastuzumab + chemotherapy in Japan, comparing it with trastuzumab monotherapy.
Methods A three-state-partitioned survival model was developed to evaluate the cost-effectiveness of trastuzumab + chemo-
therapy versus trastuzumab monotherapy for AdjCT in elderly patients with HER2-positive BC. We derived the efficacy 
data, utilities, and costs of both arms from individual patient data in the RESPECT trial (NCT01104935) and published 
studies. The costs and quality-adjusted life years (QALYs) were discounted at 2% per annum using a payer perspective. The 
respective cost estimates were reported in 2019 Japanese Yen (JPY) or US dollars (US$). The primary outcome was the 
incremental cost-effectiveness ratio (ICER). We assured robustness with deterministic and probabilistic sensitivity analyses.
Results The cost per patient for trastuzumab + chemotherapy was JPY 14.6 million (US$137,000), and their QALYs were 
9.308, compared with JPY 14.2 million (US$131,000) and 9.101, respectively, for trastuzumab monotherapy. The ICER of 
trastuzumab + chemotherapy versus trastuzumab monotherapy was JPY 2.7 milllion/QALY (US$17,200/QALY). The ICER 
for trastuzumab with chemotherapy varied from "Dominant" to "Dominated" in one-way sensitivity analysis.
Conclusions The base-case analysis suggests that AdjCT with trastuzumab + chemotherapy is likely to be a cost-effective 
choice for patients with HER2-positive BC aged 70 years or older. However, the sensitivity analysis suggested uncertainty 
regarding the cost-effectiveness of trastuzumab + chemotherapy.

 * Yuki Takumoto 
 Takumoto.y.aa@gmail.com

Extended author information available on the last page of the article

Key Points 

We examined the cost-effectiveness of trastuzumab + 
chemotherapy as adjuvant chemotherapy (AdjCT) in 
patients with human epidermal growth factor receptor 2 
(HER2)-positive breast cancer (BC) aged over 70 years 
in Japan, comparing it with trastuzumab monotherapy 
using the three-state partitioned survival model.

The base-case analysis suggests that AdjCT with trastu-
zumab + chemotherapy is likely to be a cost-effective choice 
for patients with HER2-positive BC aged 70 years or older.

In contrast, this result was uncertain because the incremen-
tal cost-effectiveness ratios and quality-adjusted life years 
of trastuzumab + chemotherapy mainly depended on the 
number of events and long-term efficacy in both arms.

1 Introduction

Breast cancer (BC) remains the most common cancer among 
Japanese women, with an estimated 106,583 diagnoses in 
2018. The proportion of patients over 70 years, who were the 
target population in this study, was 34.1% of all patients [1]. 
BC treatment is cardinally selected based on assessments of 
patient states and prognostic factors. The Japanese Breast 
Cancer Society’s clinical practice guidelines 2018 and 
National Comprehensive Cancer Network guidelines recom-
mend surgical resection in the early stage of cancer (stages 
0–2). In addition, neoadjuvant or adjuvant chemotherapy 
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(AdjCT) may be administered, depending on the size of the 
tumor [2, 3].

Medicines used in adjuvant treatment for BC are clas-
sified according to the presence of hormone receptors and 
human epidermal growth factor receptor type 2 (HER2), and 
include hormonal therapy, molecular targeted drugs, and 
other approaches. Several studies have reported the efficacy 
of trastuzumab as an adjuvant with chemotherapy, showing 
improved disease outcomes in patient with HER2-positive 
primary BC [4–6]. This combination regimen has been the 
standard treatment for HER2-positive primary BC in Japan 
[7–9].

Additionally, the increase in medical expenditure for cancer 
treatment is a major social issue in developed countries. There-
fore, it is essential to not only assess treatment efficacy and 
safety, but also the cost of various treatment modalities that 
are used to treat cancer. Having access to such information is 
also essential [10]. So far, health economic evaluation has not 
been used for political decision-making in Japan. However, 
examining the health economic aspects of expensive medicines 
used in oncology, including BC, would significantly help to 
clarify the medical resource allocation guidelines. The benefits 

Briefly, the main inclusion criteria of the RESPECT trial 
were invasive BC diagnosed as HER2-positive; stage I, IIA, 
IIB, or IIIA cancer; and left ventricular ejection fraction 
above 55%. The full analysis set (FAS) of this trial was 
made up of patients who initiated the intervention during 
the treatment period. Extrapolation parameters for cost util-
ity analysis in this study were calculated from FAS results 
in the RESPECT trial. The patient background of FAS and 
patient flow diagram in the RESPECT trial are described 
in the Online Supplementary Material (OSM) Table 1 and 
Fig. 1. In the RESPECT trial, trastuzumab in both arms 
comprised a loading dose of 8 mg/kg and a maintenance 
dose of 6 mg/kg every 3 weeks for 1 year. Chemotherapy 
in the H + CT arm involved one of the prescribed regimens 
(paclitaxel, docetaxel, doxorubicin + cyclophosphamide, epi-
rubicin, cyclophosphamide + methotrexate + 5-fluorouracil, 
docetaxel + cyclophosphamide, and docetaxel + carboplatin) 
for each patient for up to 24 weeks.

2.2  Model Structure and Design

A partitioned-survival model was developed to evaluate the 
cost-effectiveness of the H + CT arm versus the H arm for 
AdjCT in older patients with HER2-positive primary BC. 
A partitioned survival model is a common modeling struc-
ture in the field of oncology health technology assessment 
process and is recommended by the NICE Decision Support 
Unit [24]. Three health states were created in a partitioned 
survival model, namely stable disease (SD), progressive dis-
ease (PD), and death (Fig. 1). In this model, the proportion 
of patients in each health state in each cycle was estimated 
by calculating the area under the curve per cycle from the 
disease-free survival (DFS) and overall survival (OS) curves 
for each study arm.

Therefore, all patients in this model entry were either 
on trastuzumab with chemotherapy or trastuzumab only as 
the SD in the first month. After the second month, the per-
centage of patients in each health state varied according to 
the percentage of DFS and OS for each treatment arm. The 
duration of treatment for trastuzumab and chemotherapy 
was assumed to follow the protocol rules of the RESPECT 
trial. Specifically, trastuzumab was administered for 1 year, 
and other chemotherapies were administered for between 12 
and 24 weeks, depending on the regimen. We calculated the 
total effectiveness and total costs for each study arm over the 
time horizon of the model. The effectiveness in this study 
was quantified as quality-adjusted life years (QALYs). These 
were used to estimate the incremental cost-effectiveness 
ratios (ICERs).

We analyzed from the payer’s perspective, including the 
direct medical cost involved in a patient’s treatment. The 
cycle length was 30 days (1 month) to capture the impact 
on both arms in detail. The base-case analysis period was 

of trastuzumab in AdjCT, which we discuss in this study, have 
been evaluated from the economical aspect, and many studies 
have reported it to be cost-effective [11–19]. However, several 
safety risks have been reported for trastuzumab with chemo-
therapy, and its use may be avoided in elderly patients with 
BC [20–22]. Few studies have examined its effectiveness in 
AdjCT in patients aged over 70 years. Moreover, we have yet 
to uncover how the improved efficacy and safety from adding 
chemotherapy to trastuzumab monotherapy will affect the cost-
effectiveness of this regimen. The objective of this study was to 
examine the cost-effectiveness of trastuzumab + chemotherapy 
as an AdjCT of patients with HER2-positive primary BC over 
70 years in Japan, comparing it with trastuzumab monotherapy. 
The purpose of this study was one of the secondary endpoints 
in the RESPECT trial, a randomized, open-label clinical trial. 
The RESPECT trial was registered with ClinicalTrials.gov 
(identifier: NCT01104935) on 6 November 2009 [23].

2  Methods

2.1  Patient Population and Clinical Trial

The base-case population modeled in this study was Jap-
anese women with HER2-positive primary BC with a 
median patient age at treatment initiation of 75 years in the 
RESPECT trial. We chose trastuzumab + chemotherapy as 
the comparison arm (H + CT arm) and trastuzumab mon-
otherapy as the control arm (H arm) to achieve the study 
objective.
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30 years to follow patients throughout their lifetime. All 
costs and QALYs in the base case were discounted at 2% 
per annum (in accordance with the guidelines for cost-effec-
tiveness evaluation in Japan) [25]. The partitioned survival 
models in this study were created using Microsoft Excel 
(Microsoft Corporation, 365 MSO, 64 bit), and all extrapola-
tion parameters were analyzed using SAS version 9.4 (SAS 
Institute, Cary, NC, USA) and R version 3.6.3. In report-
ing the results of this study, we adhered to ISPOR’s good 
reporting practice guidelines for health economic evalua-
tions (CHEERS checklist) [26].

2.3  Efficacy

We derived the clinical efficacy (DFS and OS durations) 
of each arm using individual patient data of FAS in the 
RESPECT trial. Specifically, we estimated parametric 
curves to model the probability of OS and DFS during and 
after the RESPECT trial using individual patient data and 
model functions. Model functions for DFS and OS para-
metric curves were selected from exponential, Weibull, 
Gompertz, log-normal, log-logistic, and generalized gamma 
distributions based on assessments of curve visualization 
and goodness of fit given by the Akaike Information Crite-
rion (AIC) value and Bayesian information criterion (BIC) 

[27]. This process of curve estimation with these model 
functions is the recommended option in the NICE Decision 
Support Unit [24].

We also confirmed the clinical and biological plausibility 
of the curve based on the consistency of the estimated DFS 
and OS parametric curves and natural history in Japan [28, 
29]. We estimated a parametric curve for OS using data from 
the RESPECT trial with up to 5 years of follow-up because 
the median follow-up of the trial was 4.1 years (range 
0.3–8.0 years), and most patients in the trial were censored 
at the time of follow-up. However, for the curve selection of 
visualization, we also referred to the Kaplan–Meier curve 
generated based on the data of the whole period. The upper 
limit for the estimation of the OS curve was set using life 
tables for the general population in Japan, based on the 
"Statistics Japan Report, 2018" [30]. The survival of a few 
patients with long-term follow-up in the trial was considered 
to be useful in estimating the survival curve. The monthly 
proportion of health states in SD was calculated from the 
selected DFS parametric curve, and the monthly proportion 
of health states in PD was calculated from the difference 
between the DFS parametric curve and selected OS para-
metric curve.

2.4  Health‑Related Utilities

Health-related utility values were derived from individual 
patient data of the FAS population in the RESPECT trial 
based on EuroQol 5-Dimension 3-Level (EQ-5D-3L) ques-
tionnaires developed by the EuroQol Group task force [31]. 
The EQ-5D-3L index used five levels of severity in the five 
dimensions (mobility, self-care, usual activities, pain/dis-
comfort, and anxiety/depression) [32]. We calculated the 
health-related utility value based on the response of indi-
vidual patients and utility value set in Japan [33]. The EQ-
5D-3L questionnaires in this study were administered at 
baseline, 2 months, 1 year, and 3 years. All 232 patients 
included in this study (H + CT arm: 113, H arm: 119) were 
available at baseline of the RESPECT trial (OSM Table 2a).

Table 1  Input utility parameters

H + CT trastuzumab with chemotherapy, H trastuzumab monotherapy

Status Period H + CT H Reference

Mean STD Mean STD

Stable disease Baselines 0.819 0.164 0.781 0.153 RESPECT trial [23] 
1–2 months 0.782 0.171 0.829 0.158 RESPECT trial [23]
3–12 months 0.818 0.164 0.841 0.152 RESPECT trial [23]
13–36 months 0.808 0.159 0.846 0.172 RESPECT trial [23]
After 48 months 0.715 Lloyd et al. [34]

Progressive disease 0.715 Lloyd et al. [34]

Fig. 1  Partitioned survival model with three health states
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Due to limited patient data, we extrapolated utility values 
from the study by Lloyd et al. as health-related utility values 
in the long-term SD and PD states [34] (Table 1).

2.5  Costs

We derived cost parameters from the receipt data of individ-
ual patients in the RESPECT trial as monthly direct medical 
costs based on receipts and out of hospital prescription data.

The direct cost was defined as “all costs due to resource 
use that are entirely attributable to the use of a medical inter-
vention or disease treatment” based on receipt data and out-
of-hospital prescription data [35]. In the RESPECT trial, 
30 patients (H + CT arm: 14, H arm: 16) had been randomly 
selected for receipt data collection (“Cost population,” OSM 
Table 2b). Specifically, we calculated the costs in the base 
case for the SD and PD states from the start of follow-up to 
2 years after the beginning of the RESPECT trial (Table 2).

To account for variability in individual patient costs in 
the RESPECT trial, we calculated the costs for each arm at 
6, 12, and 24 months. Because no substantial change in cost 
was expected unless there was disease progression occurred, 
we assumed that the cost at month 25 and beyond in the SD 
state would be the same as at month 24. We estimated the 
cost of the PD state using patient data of both arms for the 
PD state in the RESPECT trial because very few patients in 
that trial reached the PD state. All costs were presented in 
2019 Japanese yen (JPY) and converted to US dollars (US$, 
JPY 1 = US$107). In the COST population, we examined 
the ICER calculations and utility value, which shows the 
trends of the population. The results of the utility value in 
the COST population were similar to those of the overall 
population. Furthermore, when the patient background of 
the cost population was compared with the overall popula-
tion, no significant bias in patient background was identified 

(OSM Table 3). Therefore, we examined the effects of vari-
ous parameters using sensitivity analysis.

2.6  Sensitivity Analysis

We conducted probabilistic sensitivity analysis (PSA) to 
estimate the uncertainty in this analysis [36]. DFS, OS, util-
ity values, and costs were calculated with the bootstrapping 
method using individual patient data from the RESPECT 
trial. In bootstrapping, we repeated the process 2,000 times, 
randomly selecting the same number of subjects as in the 
RESPECT trial from individual patient data and calculat-
ing the ICERs. The model function to estimate DFS and 
OS parametric curves were fixed to those of the base-case 
analysis, since we examined parameter (sampling) uncer-
tainty in this PSA.

We performed the one-way sensitivity analysis (OWSA) 
to consider variations in the ICERs when the range of 
parameters changed independently. The cost parameter was 
varied by up to ± 20% and the utility parameter was varied 
by up to ± 5%. The range of variation was set from the 95% 
confidence interval (CI) for each parameter. The OWSA was 
performed using time horizons of 10 or 15 years and a dis-
count rate of 3%. In addition, we also performed two sce-
nario analyses. We assumed no difference in OS between the 
two arms or in OS or quality of life (QOL) after 36 months.

3  Results

3.1  Efficacy Results

The Gompertz and generalized gamma distributions were, 
respectively, found to be the best fits for the DFS and OS 
data in the RESPECT trial (Fig. 2). These distributions were 

Table 2  Input cost parameters (Japanese Yen (JPY)/month)

H + CT trastuzumab with chemotherapy, H trastuzumab monotherapy
a Assuming that the cost at month 25 and beyond in stable disease would continue to be the cost at month 24 in the RESPECT trial
b Estimated patient data of both arms for the progressive disease state in the RESPECT trial

Status Period H + CT H Reference

Mean STD Mean STD

Stable disease 0–6 months 245,447 189,797 220,061 102,582 RESPECT trial [23]
7–12 months 215,146 119,305 202,290 98,640 RESPECT trial [23]
13–24 months 111,379 102,890 60,190 81,863 RESPECT trial [23]
After 25 months 28,963 Estimationa

Progressive disease 166,893 Estimationb
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selected from AIC, BIC as well as estimated curve visualiza-
tion results (OSM Table 4 and OSM Fig. 2).

3.2  Base‑Case Analysis

Over a lifetime horizon of 30 years, the total cost per patient 
for trastuzumab + chemotherapy was calculated as JPY 
14.6 million (US$137,000), compared with JPY 14.2 mil-
lion (US$132,000) for trastuzumab monotherapy, and the 
total QALYs were 9.308 and 9.101, respectively (Table 3). 
The incremental cost of trastuzumab with chemotherapy per 
patient was JPY 0.56 million (US$5000), and the incremen-
tal QALYs of trastuzumab with chemotherapy was 0.206. As 
a result, the ICERs of trastuzumab with chemotherapy ver-
sus trastuzumab monotherapy was JPY 2.7 million/QALY 
(US$25,200/QALY).

3.3  Probability Sensitivity Analysis

The results from the PSA (2000 bootstrapping simulations) 
showed that the mean ICER of trastuzumab with chemother-
apy versus trastuzumab monotherapy was JPY 2.9 million/
QALY, (US$26,900/QALY) (Fig. 3). The cost-effectiveness 
acceptability curves showed that at a willingness-to-pay 
threshold of JPY 5.0 million/QALY, the probability of being 
cost-effective was 51.75% for trastuzumab with chemother-
apy (Fig. 4). However, when we excluded the ICERs with 
negative values, the probability that the ICER would be less 
than JPY 5.0 million/QALY was 62.2%.

3.4  One‑Way Sensitivity Analysis

Table 4 shows the results of the seven OWSAs with the 
effects on the base-case ICER of trastuzumab + chemo-
therapy against trastuzumab monotherapy. Scenarios with 
independent variations in cost and QALYs of SD and PD 
had a large impact on the ICERs. The range of ICERs in cost 
scenario (Scenarios 1 and 2) was between dominant and JPY 
10.3 million/QALY (between dominant and US$96,400/
QALY). The range of ICER in utility value scenario (Sce-
narios 3 and 4) was between JPY 1.01 million/QALY and 
dominated (between US$9,460/QALY and dominated).

Additionally, the analysis assuming no difference in OS 
between the two groups (Scenario 8) and assuming no dif-
ference in OS and utility value after 36 months (Scenario 
9) resulted in an increase in the total cost and total QALYs 
in the H arm (difference in total cost from H + CT = JPY 
0.39 million, difference in total QALY from H + CT = 
0.073 ~ 0.107).

Table 3  Total cost, total QALYs, and ICER for each regimen

QALY quality-adjusted life year, ICER incremental cost-effectiveness 
ratio, H + CT trastuzumab with chemotherapy, H trastuzumab mono-
therapy

Result H + CT H Difference

Total cost (JPY) 14,752,181 14,196,642 555,539
  Stable disease 7,862,234 6,625,437 1,236,798
  Progressive disease 6,889,947 7,571,205 − 681,259

Total QALYs 9.308 9.101 0.206
  Stable disease 6.848 6.398 0.450
  Progressive disease 2.460 2.703 − 0.243

ICER (JPY/QALY) 2,691,739 – –

Fig. 2  Estimated disease-free survival and overall survival curves. H + CT trastuzumab with chemotherapy, H trastuzumab monotherapy
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4  Discussion

We conducted a cost-effectiveness analysis of the AdjCT of 
trastuzumab with chemotherapy against trastuzumab mono-
therapy for patients with HER2-positive primary BC aged 
over 70 years. The efficacy of both arms was demonstrated 

in a randomized, open-label clinical trial, known as the 
RESPECT trial. No characteristic bias was observed in the 
patient background between the two arms in the RESPECT 
study. We compared the H + CT arm with the H arm for 
adjuvant therapy for patients with HER2-positive BC aged 
70 years or older. The ICER of the H + CT arm over the 

Table 4  One-way sensitivity analysis

QALY quality-adjusted life year, ICER incremental cost-effectiveness ratio, H + CT trastuzumab with chemotherapy, H trastuzumab monotherapy
a Control arm was H + CT arm

Scenario Basis for setting ICER

(JPY/QALY)

Lower or base Upper

1-A: Cost of stable disease in H + CT arm ± 20% Dominant 10,310,676
1-B: Cost of stable disease in H arm ± 20% 9,112,151 Dominant
2-A: Cost of progressive disease in H + CT arm ± 20% Dominant 9,368,476
2-B: Cost of progressive disease in H arm ± 20% 10,028,653 Dominant
3-A: Utility value of stable disease in H + CT arm ± 5% Dominated 1,012,299
3-B: Utility value of stable disease in H arm ± 5% 1,055,537 Dominated
4-A: Utility value of progressive disease in H + CT arm ± 5% 6,661,475 1,686,633
4-B: Utility value of progressive disease in H arm ± 5% 1,626,578 7,798,701
5: Using a X-year time horizon 10 year Dominated –
6: Using a X-year time horizon 15 year 11,860,467 –
7: Using X% discount rate for both costs and QALYs 3% 3,237,786 –
8: The OS curve of both arms is  equala – 3,011,252 –
9: The OS curve and utility value after 36 months of both arms are 

 equala
– 4,433,041 –

Fig. 3  Scatter plot of probabil-
istic sensitivity analysis results. 
WTP willingness to pay, QALY 
quality-adjusted life year
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H arm was JPY 2.7 milllion/QALY (US$25,200/QALY). 
Although there is no clear threshold in Japan for the superi-
ority of ICER-based cost-effectiveness analysis results, con-
sidering the study by Shiroiwa et al., we could assume that 
the H + CT arm with an ICER of less than JPY 5 million/
QALY was cost-effective based on the results of the base 
case [37]. However, the PSA results showed an extensive 
range of variability in the ICERs due to changes in param-
eters. Additionally, Moreover, because the HR of the OS in 
the RESPECT trial was 1.07 (95% CI, 0.36 to 3.19) and no 
significant difference in OS was observed, we set up Sce-
narios 8 and 9 to examine the degree of uncertainty in OS 
and long-term utility. We found that the total cost and total 
QALYs for the H arm were higher than for the H+CT arm. 
Furthermore, the clinically meaningful HRQoL deterioration 
rate showed significant differences 1 year (19% vs. 38%; P 
value = 0.009). The results of Scenario 9 suggest that even 
though the rate of conversion to PD with greater disutility 
was higher in the H arm, the H arm with less disutility dur-
ing SD had a more substantial impact on total QALYs. In 
other words, the disutility of trastuzumab + chemotherapy 
as AdjCT in elderly patients with BC might have a greater 
impact on total QALYs than the utility of trastuzumab + 
chemotherapy with a slight extension of DFS. Thus, the 
greater disutility of adding chemotherapy to trastuzumab 
may have a greater impact on total QALYs than the utility 
gained by a small extension of DFS. These results suggest a 
high uncertainty in the ICER based on long-term estimates 
of efficacy parameters using the current evidence.

There are three main reasons for this uncertainty. First, 
the probability of occurrence was low in the RESPECT trial 
due to the characteristics of BC. The 10-year survival rate 
for BC in Japan is approximately 80% for all patients and 
over 90% for patients with stage 0 or 1 BC. In the RESPECT 
trial, more than 80% of patients had stage 1 or 2 BC. Most 
subjects did not experience events, such as stage progres-
sion or death, during the average 4-year follow-up period. 
However, long-term estimation of efficacy may have an 
increasing impact on the ICER and is a source of expand-
ing uncertainty of the ICER. To minimize the uncertainty 
in the long-term estimation of efficacy, we used OS for 5 
years after the start of this model. We also evaluated the 
curve concerning the curve visualization and natural history 
of DFS, OS, and the general Japanese population to select 
an appropriate model function. This suggests that further 
follow-up trials for evaluating the long-term efficacy in both 
arms are necessary to perform more accurate analyses.

Second, the difference in survival between the two arms 
is very small. The loss of OS in the H arm versus the H + CT 
arm over 3 years of follow-up was less than 1 month in the 
RESPECT trial, and the difference in incremental QALYs 
between the two arms in this analysis was only 0.206 in 
a lifetime (30 years). Therefore, the short analysis period 
affected the ICER. When the time horizon was 15 years, 
the ICER of the H + CT arm over the H arm was more than 
JPY 10 million/QALY. Therefore, considering that the aver-
age age of the subjects at the start of the RESPECT trial 
was 74 years and the life expectancy of women in Japan is 
87.5 years (2019), it is suggested that it is uncertain whether 

Fig. 4  Cost-effectiveness 
acceptability curves. QALY 
quality-adjusted life year
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H + CT is cost-effective for patients with a low life expec-
tancy [38].

Thirdly, the difference in the total cost and QALYs 
between the two arms is very small. In the base case, the dif-
ference in total cost between the two arms is approximately 
JPY 0.5 million (US$4670), and the difference in total 
QALY between the two arms is only 0.206. This difference 
is even smaller in Scenarios 8 and 9, where the OS and long-
term utility value differences are eliminated. Therefore, even 
if the variation in the cost and utility parameters in OWSA 
is small, the impact on the ICER is large, and the ICER 
will fluctuate significantly. This suggests that the economic 
advantages and disadvantages of the two arms are small.

This study has three limitations. First, the RESPECT 
study has limited patient data for accurate estimation of 
direct medical costs. In this study, we collected patient 
receipt data in the RESPECT trial to calculate the cost 
parameters so as to increase internal validity. Since the cost 
parameters collected in the RESPECT trial had a large vari-
ability, we were concerned about the impact on the ICER. 
However the patients used to estimate the cost parameters 
were randomly selected and their backgrounds do not differ 
significantly from the overall population, we believe that 
the cost parameters can ensure a certain degree of repre-
sentativeness in the RESPECT trial. On the other hand, the 
variability is not small, and the maximum standard devia-
tion in the cost parameter is approximately JPY 189,700 
(US$1770). In fact, from Scenarios 1 and 2, the ICER of the 
H+CT arm varied from dominant to more than JPY 10 mil-
lion ($93,500). Therefore, for future analysis, a sample size 
of at least 150 participants per arm should be used.

Second, the long-term utility value is uncertain. Utility 
values in the RESPECT trial were measured using the EQ-
5D-3L up to 36 months. In this trial, the utility value after 
37 months was analyzed by extrapolating the utility value 
of metastatic BC in previous UK studies because there are 
no Japanese studies on such parameters [34]. The target 
population for the outfitted utility values included patients 
with metastatic BC but not those aged over 70 years, which 
was the target population for this study. The study in Japan 
has also reported that age is strongly correlated with QOL 
values, suggesting that utility values decrease with age [39]. 
Furthermore, we conducted our analysis using utility values 
of metastatic BC, which is more advanced in stage than our 
target disease, i.e., postoperative BC. This is because we 
can conduct the most conservative analysis possible without 
overestimating the effect of each arm.

Finally, since the RESPECT trial is an open-label trial, 
there are concerns that it may affect the determination of 
DFS and the measurement of utility value.

Based on these analyses, because the ICER of the H + CT 
arm against the H arm in the base-case analysis was below 
JPY 5.0 million/QALY, the economic advantage of H + CT 

therapy over H therapy is not necessarily guaranteed. The 
reason for this is the uncertainty of the long-term parameters 
of efficacy, cost, and utility value. To resolve these uncer-
tainties, it will be necessary to collect additional information 
on the long-term prognosis and associated health-care costs 
and utilities after AdjCT for BC in elderly patients. In addi-
tion, the small difference in the total cost and total QALY 
between the two arms may also be a factor that increases the 
uncertainty. Furthermore, our sensitivity analysis showed 
that H therapy might have similar resource consumption and 
QALY gain as H + CT therapy. Therefore, the benefit of H 
therapy as AdjCT for BC in elderly patients with deteriorat-
ing systemic conditions should be further investigated.

5  Conclusion

The ICER for trastuzumab with chemotherapy as adjuvant 
chemotherapy for patients with HER2-positive BC aged 70 
years or older in Japan was below JPY 5.0 million/QALY. 
On the other hand, it was suggested that additional investi-
gation of some parameters with the uncertainty that could 
have a large impact on ICER is needed. Finally, our findings 
suggest that the resources consumed and QALYs gained by 
both treatments may be comparable.
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