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Abstract Background Several randomized controlled
trials have confirmed the usefulness of trastuzumab as an
adjuvant therapy for HER2-overexpressed breast cancer
patients; however, the costs for 1-year treatment are high.
Therefore, we performed an economic analysis regarding
the efficient distribution of medical resources. Methods To
analyze the cost-effectiveness for a 1-year adjuvant trast-
uzumab treatment group compared with the observation
group, we constructed a Markov model adopting a 3% per
year discount rate for costs and outcomes. The time hori-
zon was 50 years. The perspective was that of health-care
payers, as only direct medical costs were calculated. The
outcome was measured as life-year gained (LYG) from 2-
year follow-up HERA trial data. Results The ICER of the
standard setting (5 years efficacy and 50-60 kg patient
weight) was JPY 2,600,000 (€17,000) per LYG. The cal-
culation results of other weight class ICER were
JPY 2,200,000 (€15,000) and JPY 3,300,000 (€22,000)
per LYG for the patients, respectively, who weighed less
than 50 kg, and 60-75 kg. In the sensitivity analysis, the
period of trastuzumab efficacy was the most influential
parameter for the result of cost-effectiveness. However,
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even if the trastuzumab efficacy were to continue for only
2 years, at least, which is a conservative setting judging
from the joint analysis (NSABP B-31 and NCCTG N9831
trials), the ICER remains acceptable for any weight class.
Conclusion These results suggest that the 1-year adjuvant
trastuzumab treatment is cost-effective. Both clinical and
economic benefits were superior for the 1-year adjuvant
trastuzumab treatment group compared with the observa-
tion group.
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Introduction

In Japan, the number of patient deaths due to breast cancer
is increasing, while breast cancer mortality in Europe and
the USA has generally improved since the 1990s [1]. The
death toll from breast cancer is estimated as 10,000 persons
per year, and reducing deaths due to breast cancer is one of
the most important issues for women’s public health.
Trastuzumab (Herceptin®) is a humanized monoclonal
antibody that selectively targets the human epidermal
growth factor type-2 (HER?2) receptor. Amplification of the
HER2 gene and overexpression of the HER2 protein,
considered to be poor-prognosis factors, are observed
among 20-30% of breast cancer patients [2]. Trastuzumab
administered as combination therapy with chemotherapy
has been proved to significantly improve disease-free sur-
vival, overall survival, and health-related quality of life
(QoL) for metastatic breast cancer patients [3-5]. After
2005, several randomized control trials (RCTs) have con-
firmed the usefulness of trastuzumab as adjuvant therapy
for HER2-positive patients, not only as metastatic therapy.
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Ongoing large multicenter adjuvant trastuzumab RCTs: 1)
the Herceptin Adjuvant (HERA) trial [6, 7], 2) the National
Surgical Adjuvant Breast and Bowel Project (NSABP)
B-31 trial [8], 3) the North Central Center Treatment
Group (NCCTG) N9831 trial [8], and 4) the Breast Cancer
International Research Group (BCIRG) 006 trial [9], have
shown good results, whereby the hazard ratio of the
recurrence rate was about 0.5 even for HER2-positive pa-
tients who had a poor prognosis.

Though the cost of adjuvant trastuzumab treatment is
high, the National Institute for Health and Clinical Excel-
lence (NICE) in the UK has recommended adjuvant trast-
uzumab treatment for HER2-positive breast cancer patients
based on the 1-year follow-up data of HERA trial [6, 10];
however, no such recommendation exists in Japan, and
there have been no results of cost-effectiveness analysis
based on the 2-year follow-up data of the HERA trial [7].

Therefore, this cost-effectiveness analysis (CEA) is de-
signed to examine the economic efficiency of adjuvant
trastuzumab treatment based on the 2-year follow-up data
of HERA trial to support societal decision-making.

Patients and methods
Economic analysis

To analyze the cost-effectiveness of adjuvant trastuzumab
treatment compared with observation alone, we used the
Markov model by which the most common clinical tran-
sitions and health state transitions were simulated from
multiple data sources. The model was build by TreeAge
Pro 2006 (TreeAge Software, Inc, Williamstown, MA).
One Markov cycle length corresponded to 1 month.

We adopted a 3% discount rate per year for costs and
outcomes [11]. The discount-rate range for sensitivity
analysis was 0—6%. The time horizon was 50 years (i.e.,
600 Markov cycles), meaning that essentially all patients
are considered as being dead.

The analysis perspective was that of health-care payers,
and we calculated only the direct medical costs by the
piece, because we were interested in the impact on the
medical costs of adjuvant trastuzumab therapy. Neither
indirect costs (work loss, etc.) nor direct non-medical costs
(transportation cost, etc.) were considered. The primary
result is indicated as the incremental cost per incremental
life-year-gained (LYG). We used the exchange rate of
€1 =JPY 150.

Hypothetic patients

Patients eligible for the HERA trial with HER2-positive
breast cancer, who met the entry criteria, were considered
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as hypothetic patients of this economic analysis. Their
median age was 49, and Japanese and node-negative pa-
tients were also included.

Based on the interim analysis of 2-year HERA follow up
in 2007 [7], we only compared the economic efficiency for
the 1-year of trastuzumab group (initial dose 8 mg/kg,
maintenance dose 6 mg/kg, every 3 weeks for 1 year) and
the observation group (adjuvant or neoadjuvant chemo-
therapy only). The hazard ratio for the risk of recurrence in
the 1-year trastuzumab group, compared with the obser-
vation group, was 0.64 (95% confidence interval: 0.54—
0.76; P < 0.0001), which was subject to probabilistic sen-
sitivity analysis on the presumption of normal distribution
on the log scale.

Major assumption

It is unknown how long the effect of trastuzumab contin-
ues, because HERA data cover only a 2-year median fol-
low-up period. To take this uncertainty into account, the
cost-effectiveness of trastuzumab was calculated for three
hypothetic scenarios, with risk reduction continuing con-
stantly for 2 years (conservative scenario), 5 years (stan-
dard scenario), and 10 years (optimistic scenario). After
the end of the efficacy period of trastuzumab, the recur-
rence risk of the trastuzumab group is assumed to be equal
to that of the observation group.

The next hypothesis is that trastuzumab is used for
metastatic patients who have already been administered
trastuzumab as adjuvant therapy. According to an inquiry
survey of six Japanese leading hospitals participating in the
HERA trial, most clinicians reported that they treated
metastatic patients with trastuzumab after using it in an
adjuvant setting and continued its combination therapy
until a patient no longer responded to 3rd-line chemo-
therapy.

Patient weight may greatly influence the economic
analysis result by determining the dose of trastuzumab.
Japanese women, in their 50s, weigh an average of 54 kg.
We assumed a patient weight of 50-60 kg (two 150 mg
vials and one 60 mg vial) with a sensitivity analysis for
patients weighing 50 kg (two 150 mg vials) and 60-75 kg
(three 150 mg vials).

The assumed risk of recurrence during the first 5 years is
higher than that during the next 5 years. The exact change
of recurrence risk is not well defined, particularly not for
HER2-positive patients. We presumed the recurrence risk
after 5 years to be half that of the previous 5 years,
continuing for the patients’ lifetime [1]. This parameter
was also subject to sensitivity analysis.

Furthermore, trastuzumab-caused cardiac events, which
may affect Qol, are thought to be reversible [12, 13]; and
thus may not affect life-year.
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Markov model and therapeutic strategy

Figure 1(a) shows our constructed Markov model, model-
ing the therapeutic strategy for metastatic patients recom-
mended by Hortobagyi [14], as both hormone therapy and
chemotherapy until 3rd-line, followed by palliative care.
This Markov model mainly consists of four parts, “without
recurrence,” “local recurrence,” “metastatic recurrence,”
and “death,” which are split into some parts corresponding
to chemotherapy or hormone therapy stage.

Transition rate and model parameters were based on the
HERA trial [7], and other published clinical trials [3, 15—
19], (Table 1(a)). Transition rate was calculated from
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Table 1 The parameters and costs of each stage

(a) Parameters
Transition rate
1-year trastuzumab group
‘Without recurrence’ to ‘metastatic recurrence’
‘Without recurrence’ to ‘local recurrence’
Observation group
‘Without recurrence’ to ‘metastatic recurrence’
‘Without recurrence’ to ‘local recurrence’
Both groups (after recurrence)

‘MetastasisAl’ to ‘metastasisA2’ (aromatase inhibitor)
‘MetastasisB1’ to ‘metastasisB2’ (LH-RH agonist plus tamoxifen)
‘MetastasisA2’ to ‘metastasisA3’ (second-line hormone therapy)
‘MetastasisB2’ to ‘metastasisC1’ (second-line hormone therapy)
‘MetastasisA3’ to ‘metastasisC1’ (third-line hormone therapy)
‘MetastasisC1’ to ‘metastasisC2’ (trastuzumab plus taxane)
‘MetastasisC2’ to ‘metastasisC3’ (trastuzumab plus vinorelbine)

‘MetastasisC3’ to ‘metastasisC4’ (trastuzumab plus capecitabine)

‘MetastasisC4’ to ‘death’ (palliative)

‘Local recurrencel-3’ to ‘metastasis C1’
Background of patients

Average age of patients

Hormone-receptor-positive

Premenopausal

Mastectomy of primary tumor
Cardiotoxicity

Severe congestive heart failure

Symptomatic congestive heart failure

Asymptomatic congestive heart failure
Major assumption

The efficacy period of trastuzumab (base-case, years)

Patients weight (kg)

Patient age

Risk ratio of recurrence during the next 5 years
compared with first 5 years

Discount rate
(b) Costs

Adjuvant trastuzumab
Weight = 50-60 kg (first cycle)
Weight = 50-60 kg (after second month)
Weight < 50 kg (first cycle)
Weight < 50 kg (after second month)
Weight = 60-75 kg (first cycle)
Weight = 60-75 kg (after second month)

Without recurrence (until 5 years)

ER positive and premenopausal patients (until 3 years)

ER positive and premenopausal patients (after 3 years)

ER positive and postmenopausal patients
ER negative patients

0.004483
0.001296

0.006916
0.001737

0.07109
0.07413
0.1091
0.1091
0.1591
0.09558
0.16674
0.13191
0.1091
0.008478

50
0.5
0.85
0.5

0.006
0.02
0.03

50-60
50
0.5

0.03
Treatment

Trastuzumab (L.D: 8 mg/kg)
Trastuzumab (6 mg/kg/3 weeks)
Trastuzumab (L.D: 8 mg/kg)
Trastuzumab (6 mg/kg/3 weeks)
Trastuzumab (L.D: 8 mg/kg)
Trastuzumab (6 mg/kg/3 weeks)

Leuprorelin (3.75 mg/4 weeks),
tamoxifen (20 mg/day)

Tamoxifen (20 mg/day)
Anastrozole (1 mg/day)

Follow-up®, annual
mammography,

Source

13

14

Experts’ opinion
Experts’ opinion
Experts’ opinion
3

15

16

Experts’ opinion
17

N N9

=

11

Cost (JPY)

300,000
280,000
250,000
240,000
350,000
350,000

70,000

16,000
22,000
700

Unit

per month
per month
per month
per month
per month

per month

per month

per month
per month
per month
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Table 1 continued
Without recurrence (after 5 years)
All patients Annual follow-up and mammography 400 per month
Local recurrence
Surgery Mastectomy or resection 800,000 per event
Local recurrencel (until 5 years) Exemestane (25 mg/day) 51,000 per month
Local recurrence2 (until 5 years) Leuprorelin (3.75 mg/4 weeks), tamoxifen (20 mg/day) 70,000 per month
Local recurrence3 (until 5 years) Only follow-up 700 per month
All patients (after 5 years) Annual follow-up and mammography 400 per month
Metastatic recurrence
MetastasisAl Exemestane (25 mg/day) 51,000 per month
MetastasisA2 Tamoxifen (20 mg/day) 45,000 per month
MetastasisA3 Medroxyprogesterone (800 mg/day) 77,000 per month
MetastasisB1 Leuprorelin (3.75 mg/4 weeks), tamoxifen (20 mg/day) 70,000 per month
MetastasisB2 Medroxyprogesterone (800 mg/day) 77,000 per month
MetastasisC1 (weight = 50-60 kg, first month) Trastuzumab (L.D: 4 mg/kg, 2 mg/kg/week), 600,000 per month
paclitaxel (80 mg/ m?)
MetastasisC1 (after second month) Trastuzumab (2 mg/kg/week), paclitaxel (80 mg/ m?) 480,000 per month
MetastasisC2 (weight = 50-60 kg) Trastuzumab (2 mg/kg/week), vinorelbine (25 mg/mz) 370,000 per month
MetastasisC3 (weight = 50-60 kg) Trastuzumab (2 mg/kg/week), capecitabine (1200 mg/day) 340,000 per month
MetastasisC4 Palliative care 1,100,000 per event
Bone metastasis Pamidronate (90 mg/4 weeks) 70,000 per month
Adverse event (cardiotoxicity)
Severe congestive heart failure 810,000 per event
Symptomatic congestive heart failure 170,000 per event
Asymptomatic congestive heart failure 40,000 per event

metastatic patients is unknown, so we calculated the sum
of each treatment cost in constructing this Markov model
and estimated only direct medical costs based on the per
piece Japanese drug tariff and reimbursement schedule,
(Table 1 (b)). This included the cost of supportive care
(anti-emetic agents [22], etc.), heart monitoring, routine
follow-up [21], diagnostic imaging, blood tests, and so
on. In the probabilistic sensitivity analysis, all cost data
were modeled as normal distributions with the base-case
value as the mean.

Results
Cost effectiveness result

The cost-effectiveness analysis compared the 1-year trast-
uzumab group with the observation group (Table 2). The
ICER of the standard setting (5 years efficacy and 50—
60 kg) was JPY 2,740,000 (€18,000) per LYG. The cal-
culation results of other scenario ICER were
JPY 1,920,000 (€13,000) and JPY 1,080,000 (€7,200) per

We assumed coefficient of variation was 0.4 that was arbitrary value but chosen to give a quite large standard deviation based on A. Briggs. [20]

(1) 4-month intervals for 2 years, (2) 6-month intervals for 2-5 years,(3) annually after 5 years based on the follow up guideline by ASCO [21]

LYG for the period of trastuzumab efficacy, respectively,
of 10 years (a somewhat optimistic scenario), and
throughout the life time (optimistic scenario).

The ICER becomes higher, however, with increased
patient weight. At the 60-75 kg weight class, which is
heavier than the standard class, the ICER changed from
JPY 2,300,000 (€15,000) to JPY 7,400,000 (€49,000) for
differing trastuzumab efficacy periods (5 to 50 years) and
at 50-60 kg, which is a lighter class, ranged from
JPY 1,500,000 (€10,000) to JPY 5,100,000 (€34,000).

Sensitivity analysis

The most influential parameter was the period of trast-
uzumab efficacy. The results are shown in Fig. 2 for every
weight class; and when trastuzumab efficacy continues for
more than 2 years, the ICER was less than JPY 7,500,000
(€50,000) for any weight class. Other one-way sensitivity
analyses for parameters (discount rate, recurrence rate,
cardiotoxicity costs, and terminal costs), showed little
change. Among them, however, the discount rate was the
most influential parameter, and all the results of sensitivity
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Table 2 The result of cost-effectiveness analysis and sensitivity analysis

(a) The result of cost-effectivess analysis (weight = 60 kg)

C E AC/AE (ICER)
Observation ¥7,900,000 12.46
Trastuzumab (conservative) ¥11,500,000 13.06 ¥6,000,000 €40,000
Trastuzumab (standard) ¥11,200,000 13.70 ¥2,600,000 €17,000
Trastuzumab (optimistic) ¥10,900,000 14.10 ¥1,800,000 €12,000
(b) The relationship between weight class and efficacy period of trastuzumab
Weight class
Efficacy period of trastuzumab less than 50 kg 50-60 kg 60-75 kg
2 years ¥5,100,000 ¥6,000,000 ¥7,400,000
(Conservative) €34,000 €40,000 €49,000
5 years ¥2,200,000 ¥2,600,000 ¥3,300,000
(Standard) €15,000 €17,000 €22,000
10 years ¥1,500,000 ¥1,800,000 ¥2,300,000
(Optimistic) €10,000 €12,000 €15,000
¥10,000,000 5 percentile and 95 percentile for incremental costs were
JPY 900,000 (€15,000) and JPY 5,550,000 (€28,000).
¥9,000,000 j
¥8,000,000
Discussion
¥7,000,000 — —_—50kg
¥6,000,000 sgtg ] In .Japan, as with other deyeloped fzountries, the serious
social problem of burgeoning medical costs, caused by
¥5,000,000 rapid aging and the evolution of healthcare technology
¥4,000,000 prompts us to consider the efficiency of new expensive
healthcare technology.
¥3,000,000 For metastatic patients, the trastuzumab ICER was
estimated as £19,000 (monotherapy) and £37,500 (combi-
¥2,000,000 nation) by NICE, which recommended both trastuzumab
¥1,000,000 monotherapy and combination therapy based on this eco-
nomic evaluation [23]. Furthermore, NICE issued the
¥0 L

5 10 15 20 25 30 35 40 45 50
efficacy period of trastuzumab

Fig. 2 Uncertainty of cost-effectiveness analysis. The relation
between ICER and efficacy period of trastuzumab by weight class

analyses in the standard scenario were less than
JPY 5,000,000 (€33,000).

The ICER was changed to ¥4,700,000 (€31,000),
¥1,900,000 (€14,000), and ¥1,300,000 (€9,000) per LYG
for the period of trastuzumab efficacy, respectively, of 2, 5,
and thel0 years, based on the 1-year follow-up data [6].

The acceptability curve of the standard setting is shown
in Fig. 3(a), and the probability that the ICER of 1-year
trastuzumab was less than JPY 5,400,000 (€36,000) was
above 95%. Figure 3(b) shows the incremental cost-effec-
tiveness plane and the 5 percentile and 95 percentile for
incremental LYG were estimated to be 0.77 and 1.65. The
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guidance recommending trastuzumab as a treatment option
based on the 1-year follow-up data of the HERA trial [10].
They estimated that the ICER of 1-year trastuzumab was
£18,000 per additional QALY ranging from £16,000 to
£33,000.

NICE suggests that the ICER threshold should be
£20,000 to £30,000 (=JPY 5,000,000-JPY 7,000,000) per
QALY. In the US, $50,000 or $100,000 per QALY is often
used as the threshold. In Japan, no cost effectiveness
threshold for treatment has been determined; however, it is
thought that the values of the NICE'’s thresholds are
acceptable, because of the similar economic and medical
environments in UK and Japan.

In US trials, weekly adjuvant trastuzumab therapy had an
ICER of US$ 18,970 per QALY [24] and US$ 39,982 per
QALY [25] estimating from the joint analysis (NSABP B-31
and NCCTG N9831 trials) [8]. Both papers also conclude
that adjuvant trastuzumab is cost-effective. It confirms that
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Fig. 3 (a) Acceptability curve for 1l-year trastuzumab versus
observation in a standard setting (5 years of efficacy and 50-60 kg)
simulated 10,000 times (b) Incremental cost-effectiveness plane for
trastuzumab versus observation alone

the conclusion is consistent between the HERA trial and the
joint analysis-based economic evaluation.

We calculated the ICER based on the 2-year follow-up
data of the HERA trial in this analysis, although other cost-
effectiveness analyses of trastuzumab were based on 1-year
follow-up data. We had difficulty showing the exact ICER
value and predicting the long-term prognosis for the
trastuzumab patients’ group, which greatly influences the
result of this economic evaluation. The results of other
large trials, B31/N9831, show that the hazard ratio in the
third or fourth year is nearly equal to that in the first year
[8]. It is natural to assume that the efficacy of the HERA
regimen continues for at least an equivalent period. Thus,
we think the base case is 5 years. However, when trast-
uzumab efficacy continues at least for more than 2 years,

which is a conservative setting, the ICER is less than
JPY 7,500,000 (€50,000) for any weight class. There is
little difference between LYG and QALY in oncology [26],
so we could conclude that the 1-year trastuzumab treatment
is cost-effective from this analysis, even based on 2-year
follow-up data.

The limitation of this result is that our endpoint is LYG
not QALY, because in Japan there are no HRQoL data for
breast cancer patients applied to our analysis, and we
decided it was better to use LYG than the QALY calculated
by foreign, not Japanese utility values. In addition, the
transition rates derived from published data and costs were
calculated by the construction of a standard therapy model,
not analyzed by using patient-level data.

In this analysis we adopted the health-care payers’
perspective. When the perspective was changed to a soci-
etal one, the indirect costs of the trastuzumab group were
higher than those of the control group in the first yearly
period of trastuzumab therapy. But considering that the
expected value of incremental effectiveness is more than
1 year, the indirect costs of the trastuzumab group were
lower, as a whole.

It is important to analyze not only the cost-effectiveness
but also the budget impact. We considered the incremental
cost of 1-year trastuzumab treatment as JPY 2,000,000—
4,000,000 (€13,000-26,000) from Table 2. Then, by esti-
mating the number of new breast cancer patients per year to
be 40,000, of which 20% are HER2-positive, the total
incremental cost was JPY 16-32 billion (€105-210 mil-
lion), if all the HER2-positive patients were treated by
trastuzumab.

In the Finland Herceptin (FinHer) trial [27], 9 weeks of
trastuzumab injections yielded a hazard ratio equivalent to
that of other studies in which trastuzumab was adminis-
tered for 1 year. We cannot conclude that 9 weeks of
injections is optimal from the FinHer trial, because it in-
cluded fewer patients (N = 232). But this RCT showed a
noteworthy result. If the efficacy of 9 weeks of injections is
nearly equal to that of 1-year injections, 9-week treatment
would be more cost-effective as well as provide greater
patient convenience. However, the optimal period of
adjuvant trastuzumab treatment has not yet been decided.
At present, in the HERA trial, the comparison of 1-year and
2-year treatments has not been demonstrated. When they
are available, the cost-effectiveness analyses will play an
important role in determining the optimized treatment
period.

The price of trastuzumab (¥78,074 (€520) per 150 mg
vial) in Japan is lower than that in the UK (£407.40 (€650)
per 150 mg vial), which is less than that in other developed
countries. At the same time, the Japanese women’s average
weight is less than that of westerners, and they have the
highest life expectancy rates in the world. Though NICE

@ Springer



566

Breast Cancer Res Treat (2008) 109:559-566

estimated the average cost per person as £24,600
(JPY 5,900,000) in the UK [10], our calculated cost is
JPY 3,390,000 (£14,000) in the standard setting. The Jap-
anese women have an advantage over westerners in cost-
effectiveness of adjuvant trastuzumab administration.

Based on the results of some RCTs and our economic
analysis, we can conclude that the l-year trastuzumab
adjuvant treatment is superior to observation only in terms
of the cost-effectiveness.
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