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the evidence-based antiemetic guidelines.'® We need to build on the
state-of-the-art knowledge about CINV to improve the management
of our patients. Palonosetron and aprepitant offer significant advan-
tages compared with older agents, and this is reflected in recently
updated international guidelines.®'® If the ultimate goal in CINV
research is no nausea and vomiting in patients undergoing chemother-
apy, amore appropriate and reliable efficacy end point for future trials
would be complete protection (defined as no vomiting, no rescue
antiemetics, and no nausea) during the 5 days after chemotherapy.
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Fondazione Istituto Di Ricovero e Cura a Carattere Scientifico, Istituto
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Antipsychotics-Containing Regimen
As an Alternative to Standard
Antiemetics for Delayed

Nausea Induced by Highly
Emetogenic Chemotherapy

To tur Epiror: Roscoe et al' recently presented data from a
double-blind randomized clinical trial to determine the efficacy
of the addition of dexamethasone on days 2 and 3, a second-
generation S-hydroxytryptamine receptor antagonist (5-HT
RA; palonosetron), and a neurokinin-1-receptor antagonist
(aprepitant) for delayed nausea. This study failed to show the
benefit of palonosetron and aprepitant compared with a stan-
dard regimen that included prochlorperazine. The authors
commented that most randomized trials reporting the efficacy
of aprepitant did not use effective alternative medication, such
as prochlorperazine, for delayed nausea. Among the 5-HT RAs, the
effects of palonosetron and granisetron for controlling delayed
nausea are similar, provided that prochlorperazine is used.” Prochlor-
perazine, an antipsychotic, acts on dopaminergic receptors at the
chemoreceptor trigger zone, possibly at other CNS centers, and pe-

WWWLIC0.01E

ripherally. Prochlorperazine may be most frequently used for nausea
and vomiting.?

Another antipsychotic, olanzapine (OLN), blocks recep-
tors of multiple neurotransmitters: dopamine receptors {as with
prochlorperazine), serotonin receptors, alpha-1 adrenergic re-
ceptors, muscarinic receptors, and H, receptors.” OLN was
shown in a randomized phase 111 trial to be as effective as
aprepitant for antiemesis during highly emetogenic chemother-
apy (HEC).* We retrospectively reviewed consecutive patients
with early breast cancer who underwent adjuvant or neoadju-
vant chemotherapy with HEC and were refractory {mostly be-
cause of grade 3 nausea or vomiting) to the standard antiemetic
regimen as determined after the first cycle of chemotherapy at
our hospital from January 2009 to December 2010 (before
aprepitant became available in our institution). For the second
cycle, the patients received 2.5 to 10 mg OLN per day, from days
1 to 3, in addition to the standard antiemetic regimen (5-HT
RAs and dexamethasone 20 mg intravenously on day 1, and 4
mg dexamethasone orally or intravenously per day on days 2
and 3). Of the 12 women who received HEC and OLN, grade 3
nausea and vomiting was reduced from 42% to 8% and from
67% to 0%, respectively. Surprisingly, 42% of patients required
no breakthrough antiemetic treatment despite poor control
during the preceding cycle. No grade 3 or 4 adverse events
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thought to be related to OLN were noted, but 67% and 33% of
patients complained of grade 1 to 2 drowsiness and dizziness,
respectively. These events prompted a reduction in dose or
duration of OLN; nevertheless, efficacy was retained.

In Japan, the per-cycle cost of OLN used in the trial was
approximately ¥2,000 (equivalent to approximately $22), and
that of aprepitant was about ¥15,000 ($167). The cost of pro-
chlorperazine per cycle in the study by Roscoe et al' was about
¥120 ($1.3). In line with the cost of standard chemotherapy-—
for example, the cost of doxorubicin and cyclophosphamide per
cycle is about ¥20,000 ($222)—the medication for supportive
care is as expensive as the antineoplastics. Therefore, antipsy-
chotics such as prochlorperazine and OLN are not only effective for
prevention of chemotherapy- induced nausea and vomiting, but also
highly cost-effective.

Reconsideration of the antiemetics guideline may be important,
especially when pharmacoeconomics for developing countries are
concerned. With the use of inexpensive antipsychotics in addition to
dexamethasone and a first-generation 5-HT RA, palonosetron and a
neurckinin-1 receptor antagonist add little other than expense. Large
randomized clinical trials with a placebo are difficult to conduct with-
out financial support from pharmaceutical companies. Therefore,
clinical trials that are designed to study noninferiority of cost-saving
strategies are rarely conducted. Until the data clearly indicate that the
next-generation 5-HT RAs and/or neurokinin-1-receptor antagonists
are superior to the more cost-effective regimen, which uses dexameth-
asone, a first-generation 5-HT RA, and antipsychotics, this regimen
may serve as an alternative, especially for a medically under-
served population.
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Reply to L. Celio et al and H. Ishiguro
etal

We are pleased to have the opportunity to address the
concerns with our article' that were raised by Celio and Aapro.”
First, we agree with them that the article would have been
strengthened by inclusion of the data on vomiting in the pub-
lished article rather than in the online appendix. Journal space
constraints combined with the fact that delayed nausea (DN),
not vomiting, was our primary outcome dictated this choice.
The data we provided online directly address the concerns of
Celio and Aapro regarding control of vomiting and nausea on
day 1. In brief, 39% of subjects reported acute nausea (any level)
on day 1, and there were no significant differences between
groups with respect to average acute nausea (P = .827), maxi-
mum acute nausea (P = .834), nor incidence of acute nausea
(P = .819). Ten percent of subjects reported vomiting on day 1.
Using logistic regression that controlled for chemotherapy reg-
imen and Community Clinical Oncology Program site, there

1378 © 2013 by American Socisty of Clinical Oncology

were no significant differences between treatment groups (P =
.501). Sixteen percent of the patients vomited at least once
during days 2 or 3 {(group 1, 18%; group 2, 24%; group 3, 8%;
group 4, 14%). We conducted comparisons between groups 1
and 2, groups 1 and 4, and groups 3 and 4 on incidence of
delayed vomiting (DV) using logistic regression. The P values
for these three comparisons were .216, .218, and .031, respec-
tively, with none meeting the Bonferroni corrected criterion for
statistical significance of .017.

With respect to the concern over the case-mix of moderately
emetogenic chemotherapy and highly emetogenic chemotherapy, we
note that combined anthracycline and cyclophosphamide regimens
were reclassified as highly emetic in the 2011 update of the American
Society of Clinical Oncology antiemetic guidelines.” Under this reclas-
sification, 59% of our patients received highly emetogenic chemother-
apy, including all in the subgroup analyses of patients with breast
cancer referred to by Celio and Aapro.?

Celio and Aapro” are correct in stating that there was no signifi-
cant difference in DN rates among patients receiving prochlor-
perazine compared with those receiving prochlorperazine plus

JourNaL oF Craicar ONCOLOGY
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Abstract The 70-gene prognosis-signature is validated as
a good predictor of recurrence for hormone receptor-
positive (ER-), lymph node-negative (LN—), human epi-
dermal growth factor receptor type 2-negative (HER2—)
early stage breast cancer (ESBC) in Japanese patient pop-
ulation. Its high cost and potential in avoiding unnecessary
adjuvant chemotherapy arouse interest in its economic
impact. This study evaluates the cost-effectiveness of
including the assay into Japan’s social health insurance
benefit package. An economic decision tree and Markov
model under Japan’s health system from the societal per-
spective is constructed with clinical evidence from the pool
analysis of validation studies. One-way sensitivity analyses
are also performed. Incremental cost-effectiveness ratio is
estimated as ¥3,873,922/quality adjusted life year (QALY)
(US$43,044/QALY), which is not more than the suggested
social willingness-to-pay for one QALY gain from an
innovative medical intervention in Japan, ¥5,000,000/
QALY (US$55,556/QALY). However, sensitivity analyses
show the instability of this estimation. The introduction of
the assay into Japanese practice of ER+, LN—, HER2—
ESBC treatment by including it to Japan’s social health
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insurance benefit package has a reasonable chance to be
judged as cost-effective and may be justified as an efficient
deployment of finite health care resources.

Keywords Adjuvant therapy - Breast cancer -
Cost-effectiveness - Gene diagnosis -
70-gene prognosis-signature

Introduction

Oestrogen receptor-positive (ER+) diseases have a large
share in breast cancer, which amount to 76.9% in Japan [1].
And among those, 61.0% of them are node-negative (LN—)
and human epidermal growth factor receptor type 2-nega-
tive (HER2—) diseases [1]. After the primary surgery on
these cases, a difficult clinical decision must be made about
whether to add systemic chemotherapy to standard adju-
vant endocrine therapy. Whereas the effectiveness of
adjuvant endocrine therapy has been established [2], the
use of adjuvant chemotherapy in ER+, LN—, HER2—
diseases is still under debate [3].

The 70-gene prognosis-signature (MammaPrint®) is a
prognostic tool, which was developed to predict the
recurrence in LN— diseases [4] and individualise adjuvant
therapy for early stage breast cancer (ESBC) patients. The
usefulness of the tool has been validated in several studies
of retrospective patients [5—7] including Japanese patients
[8]. Patients classified as at low risk of recurrence by the
assay may need adjuvant endocrine therapy only, while
those at high risk may require additional treatment with
chemotherapy. The assay was cleared for younger patients
by the US Food and Drug Administration in 2007, of which
age indication has been later extended to older patients [9].
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And it has been included in St Gallen consensus statement
since 2009 [3].

One of the notable attributes of the assay is its high cost:
¥380,000 (US$4,222; USS1 = ¥90). Coupled with its
potential cost-saving effect by avoiding expensive and
highly toxic chemotherapy, the economic evaluation of the
assay has aroused great interests among health managers
and oncologists. A cost-effectiveness analysis regarding
ER-, LN~ discases among younger and older patients was
reported from The Netherlands [10], which found the use of
the assay cost-effective to guide adjuvant treatment deci-
sion compared to both St Gallen consensus and Adjuvant!
Online software (http:/fwww.adjuvantonline.com). Another
cost-effectiveness analysis regarding ER--, LN— diseases
among younger patients was reported from the US [11],
which also found the use of the assay cost-effective com-
pared to Adjuvant! Online software. However, no cost-
effectivencss study has been reported from Japan or Asian
countries, although the clinical utility of the assay has been
validated in corresponding population [8].

In this study, we analyse the cost-effectiveness of
introducing the assay into Japanese practice of ER+, LN—,
HER2~— ESBC treatment. In the current Japanese context,
an introduction with limited indication such as ER+ and
HER2— diseases is an agendum for health managers and
oncologists, since ER— and HER2+ diseases may have
clearer indication for adjuvant chemotherapy and anti-
HER?2 therapy, respectively, without the use of 70-gene
prognosis-signature, The results would be of help in con-
sidering the inclusion of the assay in the benefit package of
Japan’s social health insurance, as well as interesting to
health managers and oncologists in Asian countries.

Methods

We conduct a cost-effectiveness analysis of introducing the
70-gene prognosis-signature into the current Japanese
practice of ER-+, LN—, HER2— ESBC treatment with
decision tree and Markov modelling including sensitivity
analysis from the societal perspective. Since we have
already developed an economic model depicting the
courses followed by the target patients elsewhere [12, 131,
which are economic evalunations of the 21-gene signature
(Oncorype DX®), we combine this model with clinical
evidence depicting treatment decision changes among tar-
get patients. We also carry out a deliberate literature survey
to find out the best available clinical evidence. The Pub-
Med database and Igaku Chuo Zasshi (Japana Centra
Revuo Medicina), a Japanese medical literature database,
are accessed with combinations of relevant terms such as
70-gene prognosis-signature, MammaPrint, etc.
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Treatment decision change and recurrence

We assume that the current Japanese practice of ESBC
treatment is according to St Gallen 2009 criteria without the
use of multigene assays based on a survey of Japanese
experts practice [14] and current consensus guidelines [15],
in which the use of Adjuvant! Online software is not rec-
ommended, Then we search for reports on clinical outcomes
of target patients to make a comparison between St Gallen
criteria-guided treatment without multigene assays and the
70-gene prognosis-signature-guided treatment. We assume
100% usage of the gene signature when itis included into the
Japanese social health insurance benefit package. However,
data of such comparison is not available in the Japanese
validation study [8]. It reports the distant metastasis-free
survival rates according to the 70-gene prognosis-signature,
but not according to St Gallen 2009 criteria. And we have no
access to the data to implement further analysis for our
economic modelling. However, Retél et al. [10] is a unique
report of the comparison, which presents the results of a
pooled prognosis analysis of three validation studies [5-7,
10}. Table 1 shows the 5-year distant recurrence rates by St
Gallen criteria-guided treatment and the 70-gene prognosis-
signature-guided treatment. In St Gallen criteria-guided
treatment, 89.84% of the patients are classified as at high risk
of distant recurrence and are given adjuvant chemotherapy,
while 10.16% ave classified as at lowrisk and are treated with
adjuvant endocrine therapy only. Their 5-year incidence
rates of distant recurrence for the first S years and the second
5 years are 10.95 and 7.79% in patients at high risk and 3.23
and 10.0% in patients at low risk, respectively. In the 70-gene
prognosis-signature-guided treatment, 46.23% of the
patients are classified as at high risk and are given adjuvant
chemotherapy, while 53.77% are classified as at low risk and
are treated with adjuvant endocrine therapy only. Their
S-year incidence rates of distant recurrence for the first
5 years and the second 5 years are 17.73 and 10.35% in
patients at high risk and 3.66 and 6.33% in patients at low
risk, respectively. The reduction of the use of chemotherapy
using the 70-gene prognosis-signature instcad of St Gallen
criteria is 43.61%.

Patient cohort

ER+, LN—, HER2— ESBC patient cohort at the age of 55 is
targeted for our base-case analysis. The age, 55 years old, is
chosen according to the average age of equivalent patient
population in a Japanese nationwide cancer registry [1].

Decision tree and Markov model

Our economic mode] shown in Fig. 1 incorporates clinical
courses followed by ER-+, LN—, HER2— ESBC patients,
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Table 1 5-Year incidence rates of distant recurrence

Treatment Risk Probability (95% CI) Adjuvant 1-3 Years (95% CD G180 Years (95% Ch) Source
classification therapy
St Gallen criteria-guided  High 0.8984 (0.8643 0 0.9325)  Chematherapy 010935 (0.0723 o 0.1467 0.0779 (0.0440 10 01117 {37, 1}
Low 0.1016 (0.0675 1 0.1357)  Endocrine 0.0323 (~0.0336 10 0.0981)  0.1000 (~0.0139 10 0.2139)
therapy alone
The 70-gene prognosis-  High 04623 (0.4060 10 0.5186)  Chemotherapy 01773 (01135 10 02410 0.1035 (0.0472 w0 0.1597)
signature-guided Low 0.5377 (04814 0 0.5940)  Endocrine 0.0366 (0.0075 to 0.0656) 0.0633 (0.0249 to0 0.1017)

therapy alone

CI confidence interval

Decision tree

No use of
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No toxicity
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Major toxicity

Fatal toxicity
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Fig. 1 Decision tree and Markov model

which is adopted and modified from our past studies
[12, 13].

The decision tree corresponds to the comparison
between St Gallen 2009 criteria-guided treatment versus
the 70-gene prognosis-signature-guided treatment. The
decision node of the tree is a decision whether to use the
assay or not. Following chance nodes portion out the cohort
to different adjuvant therapies depending on the risk clas-
sification. Here, we consider two types of adjuvant thera-
pies: endocrine therapy plus chemotherapy for patients

¢ after
Y
FEQITRNCE

Low pisk:
Endogrine therapy only

®

classified as at high risk of recurrence, and endocrine
therapy alone for patients classified as at low risk of
recurrence. Branches following ‘plus chemotherapy’ lead
to subtrees via chance nodes, which portion out the cohort
to different toxicities.

The Markov model shows the clinical course followed
after the completion of adjuvant therapy. Five stages are
modelled here: (1) ER+, LN-—, HER2— ESBC after
adjuvant therapy, (2) distant recurrence responded to
treatment, (3) distant recurrence not responded fo
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treatment, (4) progression of disease after distant recur-
rence, and (5) death. Transitions between stages are indi-
cated with arrows, Patients follow various courses after
recurrence, and situations other than these five stages and
transitions described here may be possible. However, we
model the course this way based on the available reports of
prognosis model of metastatic breast cancer, which is
calibrated with the results of several randomised trials [12,
13, 16, 17]. So here, patients with recurrence undergo drug
treatment with endocrine therapy or/and chemotherapy
depending on their status.

The span of each stage is set at 1 year. Markov process
is repeated up to 10 years, since the transition probabili-
ties of recurrence are calculated by the 5-year incident
rates of distant recurrence up to 10 years, and most of the
recurrences are known to occur within this time horizon.
After 10 years, a patient survived with no recurrence are
assumed to have a life expectancy of 65-year-old Japa-
nese female population [12, 13, 18], and those with
recurrence are assumed to have a life expectancy of
2 years {12, 13, 19].

Qutcomes cstimation

Outcomes of each scenario in terms of life years (1.Ys) and
quality adjusted life years (QALYSs) are estimated by
assigning probabilities and utility weights to the decision
tree and Markov model from the literature.

Probabilities of risk classification, attached to the first
chance node, are adopted from the results of a pooled
prognosis analysis of three validation studies [5-7, 10]
shown in Table 1. Table 2 shows other probabilities, utility
weights, and costs used. Probabilities of adjuvant chemo-
therapy toxicity, which are attached to the chance node in
the subtree, are assumed to be 60% for minor toxicity, 5%
for major toxicity, and 0.5% for fatal toxicity according to
the report of efficacy and cost-effectiveness of adjuvant
chemotherapy in breast cancer [12, 13, 20].

In regards to the Markov model, transition probabilities
of recurrence are calculated from the 5-year incident rates
of distant recurrence depending on patients’ status in
Table 1. As mentioned above, transition probabilities
between stages after recurrence are adopted from the
prognosis model of metastatic breast cancer [12, 13, 16,
17). Probabilities of the response to treatment for recur-
rence are fixed at 38.0% [12, 13, 17]. Probabilities of the
progression of disease after recurrence are also fixed at:
59.7% if responded to the treatment and 98.3% if not
responded to the treatment [12, 13, 16]. Probabilities of
death after the progression of disease are fixed at 40.0%
[12, 13, 16].
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In order to estimate the outcomes in terms of QALYS,
utility weights are chosen for various health states during
the clinical course that patients follow. A weight for health
states after adjuvant therapy without any toxicity or distant
recurrence is chosen to be 0.98 [12, 13, 21]. Weights for
toxicities are 0.90 for minor toxicity, and 0.80 for major
toxicity [12, 13, 20], of which duration is assumed at
6 months. The health states during chemotherapy in pre-
venting distant recurrence or the progression of disease
weighs 0.50 [12, 13, 221, of which duration is assumed at
6 months. Health states after chemotherapy weigh 0.84 if
responded to the treatment, 0.70 if stable, and 0.49 if the
disease progressed [12, 13, 17].

Qutcomes are discounted at a rate of 3% [23].

Costing

From the societal perspective, costing should cover the
opportunity cost borne by various economic entities in the
socicty. In the context of this study, costs borne by social
insurers and patients are considered, since these two enti-
ties are the major payers to health care providers in Japan’s
social health insurance system. The amount of direct pay-
ments by these entities, according to the national medical
care fee schedule, is estimated as costs, while costs of
sector other than health and productivity losses are left
uncounted in this stady.

Cost items are identified along the decision frees and
Markov model: the assay, adjuvant therapies, treatments
for toxicity, monitoring, treatments for distant recurrence,
and end-of-life treatments as shown in Table 2. The cost of
the assay is ¥380.000 (US$4,222) according to the price
offered by the Japanese supplier of MammaPrint®, Costs of
treatments except the end-of-life treatments are estimated
by combining a model of breast cancer care and the
national medical care fee schedule. The care model is
developed based on both a nationwide survey of Japanese
expert practice and the consensus guidelines [12-15, 24].

Adjuvant endocrine therapy includes outpatient care
with tamoxifen, aromatase inhibitors, and LH-RH ana-
logues depending on patient’s status, and it is assumed to
continue up to S years, which costs ¥534,610/year
(US$5,940/year) [12, 13]. Adjuvant chemotherapy includes
various regimens. Anthracycline-based combination che-
motherapy is used in about a half of all cases, and oral
finorinated pyrimidine and CMF (cyclophosphamide,
methotrexate, and S-fluorouracily therapy are frequently
used among other regimens. These cost ¥343,001/year
(US$3,811/year) {12, 13].

There are three levels of toxicity in the decision tree.
However, only the cost of major toxicity is estimated as



Breast Cancer Res Treat (2012) 133:759-768 763
Table 2 Probabilities, life ) U
expectancies, utility weights, Base case value Source
and costs Probabilities
Adjuvant chemotherapy toxicity
Minor 60.0% {12, 13, 20}
Major 5.0%
Fatal 0.5%
Responded to treatment for distant recurrence 38.0% 112, 13, 171
Progression of discase after distant recurrence
Responded to treatment 59.7% {12, 13, 16}
Not responded to treatment 98.3%
Death after progression of disease 40.0% {12, 13, 16}
Life expectancy at 10 vear
No distant recurrence 12.3 (12, 13, 18}
Distant recurrence 2.0 {12, 13, 19]
Utility weights
After adjuvant therapy with no distant recurrence 0.98 [12, 13, 21}
Toxicity :
Minor 0.90 112, 13, 20)
Major 0.80
Distant recurrence
Chemotherapy, 6 months only 0.50 112, 13, 21]
If respond o treatment 0.84 [12, 13,17}
Stable 0.70
Progression of disease 0.49
Costs
The 70-gene prognosis-signature (MammaPrint™) ¥380.000 Local supplier
Adjuvant therapy
Endocrine therapy {per year) ¥534,610 [12, 13}
Chemotherapy ¥343,001
Treatment for toxicity
Major ¥173,352 [12, 13, 25, 26]
Monitoring
After adjuvant therapy with no recurrence (per year) ¥25,340 112, 13}
Treatment for distant recurrence
Endocrine therapy and chemotherapy (per year) ¥558,458 [12-15, 24)
End-of-life (per year) ¥1,315,143 112, 13,27}

¥173,352 (USS$1,926). This includes an unplanned hospi-
talisation for 1 month in two-fifths of the cases, and res-
cue treatment at outpatient clinic in three-fifths of the
cases [12, 13, 25, 26]. For minor toxicity, from which
60% of patients suffer, the cost is included in the cost of
adjuvant chemotherapy, since prophylactic use of antie-
metic, for example, is routinely applied these days. And
the clinical course of fatal toxicity is so diverse and not fit
to costing by the modelling here, therefore, its cost is
assumed to be the same as the end-of-life treatments cited
from the literature [12, 13, 271

After the completion of adjuvant therapy, patients are
assumed to visit their physician twice a year for the

purpose of monitoring, of which cost is ¥25340/year
(US$282/year) [12, 13].

There are various options of treatments for distant
recurrence depending on regimens used in the adjuvant
therapy. Yet, we assume crossover hormonal treatments
followed by capecitabine within the first year as a typical
first line and second line therapics for our hypothetical
cohort, which cost ¥558,458/year (US$6,205/year) [12-15,
24]. We further assume that this cost is applicable to the
second year and thereafter.

The cost of the end-of-life treatments are ¥1,315,143/
year (US$14,613/year){12, 13, 27}, which is also used as
the cost of treating fatal toxicity.
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Table 3 Results of cost-effectiveness analysis

Qutcomes  Treatment Cost Incremental Effect Incremental Incremental
cost effect cost-effectiveness
ratio
LY St. Gallen criteria-guided ¥3,793,824 18.60 LY
The 70-gene prognosis-signatwre-guided  ¥4,025.209  ¥231,385 18.65 LY 0.048 LY ¥4.820,813/LY
QALY St. Gallen criteria-guided ¥3,793,824 17.96 QALY
The 70-gene prognosis-signature-guided  ¥4,025209  ¥231.385 18.02 QALY  0.060 QALY  ¥3,873,922/QALY

LY life year, QALY quality adjusted life year

-

Costs are also discounted at a rate of 3% [23].
Comparison

Incremental  cost-effectiveness  ratios  (ICER)  are

calculated:

Costrpe 70--gene progrosis-—signature - guided treatment ™ COsts; Gatlen critert

prognosis-signature-guided treatment, ¥4,025,209 (US$44,725),
exceeds that of St Gallen criteria-guided treatment,
¥3,793,824 (US$42,154), which results in a positive
incremental cost of ¥231,385 (US$2,571). The effect in
terms of LYs of the 70-gene prognosis-signature-guided
treatment, 18.65 year, exceeds that of St Gallen criteria-

~guided treatment

Effectpp. 70.- sene prognosis-—signature— guided treatment ™ Effects; gatten criteria~guided treatment

Although there is no established threshold value to
interpret the JCER in Japan, some suggest social willing-
ness-to-pay for one QALY gain from an innovative
medical intervention in Japan as ¥5,000,000/QALY
(USS$55,556/QALY) [28]. We refer to this value in judging
the cost-effectiveness.

Sensitivity analysis

In order to appraise the stability of ICERs against
assumptions made and uncertainty of adopted values of
probabilities, utility weights, and costs in our economic
model, onc-way sensitivity analyses are performed. The
age of cohort is changed to 45 and 65 years old. Proba-
bilities of risk classification and the 5-year incidence rates
of distant recurrence shown in Table 1 are changed by 95%
confidence interval. Probabilities and life expectancies
shown in Table 2 are changed by £50%. Utility weights
shown in Table 2 are changed by £20%. And costs shown
in Table 3 are changed by £50%. Discount rate is also
changed from 0 to 5%.

Results
Cost-effectiveness

Table 3 shows the result of the cost-effective analysis of
the 70-gene prognosis-signature. The cost of the 70-gene

@ Springer

guided treatment, 18.60 year, which results in a positive
incremental effect of 0.048 year. The ICER is calculated as
¥4,820,813/LY (US$53,565/LY). Similarly, the effect in
terms of QALYSs of the 70-gene prognosis-signature-gui-
ded treatment, 18.02 QALY, exceeds that of St Gallen
criteria-guided treatment, 17.96 QALY, which results in a
positive incremental effect of 0.060 QALY. The ICER is
calculated as  ¥3,873,922/QALY  (US$43,044/QALY).
According to the suggested social willingness-to-pay for
one QALY gain, ¥5,000,000/QALY (US$55,556/QALY)
[28], this is judged as cost-effective.

Stability of ICER

Table 4 shows the results of one-way sensitivity analyses.
The ICER is found very sensitive to clinical evidence
depicting the treatment decision changes and the following
S-year incident rates of recurrence. Negative gains in out-
comes are found in: increasing the probability of high risk
guided by the 70-gene prognosis-signature; decreasing the
probability of low risk guided by the 70-gene prognosis-sig-
nature; decreasing the 5-year incident rates after the St Gallen
criteria-guided treatment; and increasing the 5-year incident
rates after the 70-gene prognosis-signature-guided treatment.
Cost-ineffective ICERs are found in: decreasing the proba-
bility of high risk guided by the St Gallen criteria; increasing
the probability of low risk guided by the St Gallen criteria; and
decreasing the S-year incidentrate from 1 to 5 year after the St
Gallen crieteria-guided treatment for low-risk patients.
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Table 4 Results of sensitivity analysis

Range tested in sensitivity analyses

Incremental cost-effectiveness ratio (/QALY)

— Change + Change
Probabilities of risk classification
St Gallen criteria-guided, high Change by 95% CI 15,696,389 1,974,969
St Gallen criteria-guided, low 1,974,969 15,696,389
The 70-gene prognosis-signature-guided, high 729,324 Cost more, gain less
The 70-gene prognosis-signature-guided, low Cost more, gain less 729,324
5-Year incidence rate of distant recurrence
St Gallen criteria-guided, high, 1-5 years Cost more, gain less 74,972
St Gallen criteria-guided, high, 6-10 years Cost more, gain less 635,546
St Gallen criteria-guided, low, 1-5 years 147,550,296 1,968,870
St Gallen criteria-guided, low, 6-10 years Cost more, gain less 1,920,488
The 70-gene prognosis-signature-guided, high, 1-5 years 123,080 Cost more, gain less
The 70-gene prognosis-signature-guided, high, 6-10 years 811,354 Cost more, gain less
The 70-gene prognosis-signature-guided, low, 1-5 years 588,308 Cost more, gain less
The 70-gene prognosis-signature-guided, low, 6-10 years 842,462 Cost more, gain less
Probabilities and life expectancies
Adjuvant chemotherapy toxicity
Minor Change by +50% 4,244,799 3,562,494
Major 3,970,536 3,780,250
Fatal 5,947,033 2,884,531
Responded to treatment for distant recurrence 3,873,334 3,874,347
Progression of disease after distant recurrence
Responded to treatment 3,870,181 3,873,468
Not responded to treatment 3,873,493 3,873,832
Death after progression of disease 3,857,505 3,874,406
Life expectancy at 10 year
No distant recurrence 5,211,728 3,084,132
Distant recurrence 3,868,265 3,879,420
Utility weights
After adjuvant therapy with no distant recurrence Change by +20% 10,288,306 2,386,140
Toxicity
Minor 2,780,389 6,384,768
Major 3,764,178 3,990,067
Distant recurrence
Chemotherapy, 6 months only 3,873,184 3,875,130
If responded to treatment 3,873,849 3,873,498
Stable 3,873,498 3,873,849
Progression of discase 3,871,240 3,876,428
Costs
The 70-gene prognosis-signature (MammaPrint®) Change by +50% 700,218 7,047,447
Adjuvant therapy
Endocrine therapy (per year) 3,864,105 3,883,576
Chemotherapy 5,116,591 2,631,073
Treatment for toxicity
Major 3,905,391 3,842,274
Monitoring
After adjuvant therapy without recurrence (per year) 3,868,877 3,878,788
Treatment for distant recurrence
Endocrine therapy and chemotherapy (per year) 3,876,226 3,871,438
End-of-life (per year) 3,875,557 3,872,125
Other assumptions
Discount rate 0%/5% 2,606,613 4,448,622
Age of cohort 45/65 years old 3,456,614 4,536,315

QALY quality adjusted life year, CI confidence interval
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The ICER is found relatively insensitive to probabilities,
life expectancies, utility weights, costs, and other assump-
tions. However, cost-ineffective ICERs are found in:
decreasing the utility weight after adjuvant therapy with no
distant recurrence; increasing the cost of the 70-gene prog-
nosis-signature; increasing the utility weight for minor tox-
icity; decreasing the probability of fatal toxicity; decreasing
the life expectancy at 10 year with no recurrence; and
decreasing the cost of adjuvant chemotherapy.

Discussion

We evaluate the cost-effectiveness of introducing the
70-gene prognosis-signature into Japanese practice of
BER+4, LN-—, HER2-— ESBC treatment. Our economic
model indicates that the use of the signature gains more in
terms of outcomes but costs more at the same time. The
estimated ICER, ¥3,873,922/QALY (US$43,044/QALY) is
not more than a suggested social willingness-to-pay for one
QALY gain from an innovative medical intervention in
Japan, ¥5,000,000/QALY (US$55,556/QALY) {29]. How-
ever, our sensitivity analysis shows the instability of this
estimation as well. Changing the value of some variables
results in negative gains in outcomes, or produce ICERs
that is above the threshold. Therefore, we conclude that the
introduction of the 70-gene prognosis-signature into Japa-
nese practice of ER+, LN—, HER2— ESBC treatment has
a reasonable, but not riskless chance to be judged as cost-
effective and justified as an efficient deployment of finite
health care resources.

In the sensitivity analysis, the prognosis prediction
capacity of the assay is found most influential. This is
plausible from the viewpoint of model construction. The
range tested in regards to these variables is 95% confidence
interval of the base-case values. So for this assumption, a
larger patient pool of validation studies would reduce the
instability. The costs of the assay and adjuvant chemo-
therapy are also found influential, which are as anticipated.
Relative costs of these are a key factor for economic
implication of the assay.

Since the Markov model used in this study is similar to
our economic evaluation of another gene signature, the
21-gene signature, for similar patient population [12], a
straightforward comparison can be made between the
results. While the 21-gene signature predicts the benefits
from chemotherapy in addition to the prognosis, which is
modelled in our previous evaluation, this model is com-
parable in a way that we assume the predictable benefits of
chemotherapy of the 70-gene prognosis-signature is zero.
Regarding ER+, L.N—, HER2~ diseases, the introduction
of the 2l-gene signature has more favourable ICER,

¥434,096/QALY (US$4,823/QALY), than the results of
this study. However, due caution is needed to interpret this
comparison because the breadih of indication for other
patient population or other setting such as the prediction of
response to neoadjuvant therapy is different from each
other, which inevitably affect the value for money of the
assay on every count. And the differences in clinical val-
idation studies of these gene signatures make the compar-
ison profoundly complicated. For example, the difference
of simplified patient characteristics in each economic
model may have a substantial relevance. The choice of
clinical endpoint in the economic modelling, such as
between local recurrence response and overall survival,
may also be significant.

Although no direct comparison can be made between
economic evaluations conducted under different health
systems [29, 30], the cost-effectiveness of the 70-gene
prognosis-signature for ESBC patients found in this stody
is consistent with the findings of past reports from The
Netherlands [10] and the US [11], which found the use of
assay cost-effective in each context.

This study has its own limitations. First of all, the clinical
evidence depicting the treatment decision change and
prognosis to recurrence is adopted from a pooled study of

ralidation studies overseas. Its representativeness of Japa-

nese patient population targeted in this study is inevitably
questionable and racial differences should exist. Although
we justify our approach taken as the best available evidence
to date, further analyses based on Japanese clinical data are
awaited. Our previously conducted economic evaluations of
the 21-gene signature were analysed in two phases: early
analysis using clinical evidence overseas [13] and late
analysis using data from Japanese validation study [12].
This experience suggests that there is a room for different
results as to the 70-gene prognosis-signature as well. Sec-
ond, the quotation of an established economic model of
courses followed by the target patients [12, 13] may fail to
catch up with the latest developments in breast cancer
treatments. For example, our Markov model assumes the
so-called second generation adjuvant chemotherapies. But
the use of third generation adjuvant chemotherapies is still
limited in Japan [31], and no remarkable change has been
made about adjuvant endocrine therapies in the Japanese
consensus guideline [15] since our previous study. And
therefore, we think that the quotation from the past model is
still acceptable for the purpose of this study. Third, utility
weights adopted are also derived from western countries
due to the unavailability of data from Japan. Fourth, due to
the same reason, our model does not include potentially
costly clinical stages such as local recurrence or contralat-
eral breast cancer. In regards to these shortcomings, reports
that allow us to refine our model are awaited.
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In considering the routine use of expensive biomarkers
such as gene signatures, the appraisal of cost-effectiveness
is imperative [32] with growing concerns globally about
financing medical advancements [33]. The results of this
study imply that the diffusion of the assay is potentially
acceptable under Japan’s health system from the viewpoint
of health economics.

However, there is also a concern about the novelty of

such biomarkers under severe health care resources con-
straints. Biomarkers for individualised treatments imply
more ‘cost-saving’ by avoiding unnecessary care than
expensive new drugs, while its approval process is often
different from pharmaceuticals. Some health managers in
Japan and elsewhere may intuitively think their routine use
is financially acceptable only when ‘cost-saving’ results are
reported in economic evaluations. However, from the
viewpoint of economic evaluation, it is not justifiable to set
different thresholds between biomarkers and pharmaceuti-
cals. For example, an expensive drug therapy, adjuvant
trastuzumab treatment, is included in Japan’s social health
insurance benefit package, although it has been found cost-
effective but not cost-saving [34]. Exploration of financing
strategy beyond the conventional cost-effectiveness anal-
ysis may be needed.
Acknowledgments  The study was funded by Japan’s Minisury of
Health, Labour and Welfare rescarch grant, ‘Reduction and lowering
of recurrence risk, toxicity and pharmacoeconomic cost by prediction
of efficacy for anti-cancer agents in breast cancer patients’, led by
Masakazu Toi (H22-GANRINSHO-IPPAN-039), and was also sup-
ported by Grant-in-Aid for Scientific Research (C) by Japan’s Min-
istry of Education, Culure, Sports, Science and Technology (No.
22590451).

Conflict of interest All authors declare that there is no possible
conflict of interest.

References

1. The Japanese Breast Cancer Society (2010) National breast
cancer registry report—provisional edition no. 39 2008 cases.
The Japanese Breast Cancer Society, Tokyo (in Japanese)

2. Barly Breast Cancer Trialists” Collaborative Group (EBCTCG)
(2005) Bffects of chemotherapy and endocrine therapy for early
breast cancer on recurrence and 15-year survival: an overview of
the randomised trials. Lancet 365(9472):1687-1717

. Goldhirsch A, Ingle JN, Gelber RD, Coates AS, Thiirlimann B,
Senn HJ, Panel Members (2009) Thresholds for therapies: high-
lights of the St Gallen International Expert Consensus on the
primary therapy of carly breast cancer. Ann Oncol 20(8):1319~
1329

4, van ‘t Veer LJ, Dat H, van de Vijver MJ, He YD, Hart AA, Mao
M, Peterse HL, van der Kooy X, Marton MJ, Witteveen AT,
Schreiber GJ, Kerkhoven RM, Roberts C, Linsley PS, Bernards
R, Friend SH (2002) Gene expression profiling predicts clinical
outcome of breast cancer. Nature 415(6871):530-536

(5]

<

10.

1L

6.

. van de Vijver MI, He YD, van't Veer L1, Dai H, Hart AA,

Voskuil DW, Schreiber GJ, Peterse JL., Roberts C, Marton MJ,
Parrish M, Atsma D, Witteveen A, Glas A, Delahaye L, van der
Velde T, Bartelink H, Rodenhuis S, Rutgers ET, Friend SH,
Bernards R (2002) A gene-expression signature as a predictor of
survival in breast cancer. N Engl J Med 347(25):1999-2009
Buyse M, Lot S, van't Veer L, Viale G, Delorenzi M, Glas AM,
dAssignies MS, Bergh I, Lidercau R, Ellis P, Harris A, Bogaerts
1, Therasse P, Floore A, Amakrane M, Piette F, Rutgers E,
Sotiriou C, Cardoso F, Piccart MJ, TRANSBIG Consortinm
(2006) Validation and clinical utility of a 70-gene prognostic
signature for women with node-negative breast cancer. J Natl
Cancer Inst 98(17):1183~1192

. Bueno-de-Mesquita IM, Linn 8C, Keijzer R, Wesseling J, Nuyten

DS, van Krimpen C, Meijers C, de Graaf PW, Bos MM, Hart AA,
Rutgers El, Peterse JL., Halfwerk H, de Groot R, Pronk A, Floore
AN, Glas AM, Van’t Veer L1, van de Vijver MJ (2009) Vali-
dation of 70-gene prognosis signature in node-negative breast
cancer. Breast Cancer Res Treat 117(3):483-495

. Ishitobi M, Goranova TE, Komoike Y, Motomura K, Koyvama H,

Glas AM, van Lienen E, Inaji H, Van’t Veer LJ, Kato K (2010)
Clinical utility of the 70-gene MammaPrint profile in a Japanese
population. Jpn J Clin Oncol 46(6):508-512

. de Snoo F, Bender R, Glas A, Rutgers E (2009) Gene expression

profiling: decoding breast cancer. Surg Oncol 18(4):366-378
Rete] VP, Joore MA, Knauver M, Linn SC, Hauptmann M, Harlen
WH (2010) Cost-effectiveness of the 70-gene signature versus St.
Gallen guidelines and Adjuvant Online for carly breast cancer.
BEur J Cancer 46(8):1382-1391

Chen E, Tong KB, Malin J1. (2010) Cost-effectiveness of 70-gene
MammaPrint signature in node-negative breast cancer. Am J
Manag Care 16(12):¢333-2342

. Kondo M, Hoshi SL, Yamanaka T, Ishiguro H, Toi M (2011)

Economic evaluation of the 2l-gene signature (Oncotype DX®)
in lymph node-negative/positive, hormone receptor-positive
carly-stage breast cancer based on Japancse validation study
(IBCRG-TRO3). Breast Cancer Res Treat 127(3):739-749

. Kondo M, Hoshi SL, Ishiguro H, Yoshibayashi H, Toi M (2008)

Economic evaluation of 21-gene reverse transcriptase-polymerase
chain reaction assay in lymph-node-negative, estrogen-receptor-
positive, carly-stage breast cancer in Japan. Breast Cancer Res
Treat 112(1):175-187

. wata H, Sacki T (2006) Current practices in breast cancer

treatment in Japan—a questionnaire survey. Jpn'J Breast Cancer
21(3n311-322

. Japanese Breast Cancer Society (2010) Evidence-based breast

cancer care guideline: 1 drug treatments 2010 version. Kanehara
Shuppan, Tokyo (in Japanese)

. Hornberger J, Cosler LE, Lyman GH (2005) Economic analysis

of targeting chemotherapy using a 2l-gene RT-PCR assay
in lymph-node-negative, estrogen-receptor-positive, early-stage
breast cancer. Am ] Manag Care 11(5):313-324

. Elkin EB, Weinstein MC, Winer EP, Kuntz KM, Schnitt 83,

Weeks JC (2004) HER-2 testing and trastuzumab therapy for
metastatic breast cancer: a cost-effectiveness analysis. I Clin
Oncol 22(5):854-863

. Ministry of Health, Labour and Welfare (2007) The 20th life

tables. Health and Welfare Suatistics Association, Tokyo

. Mouridsen H, Gershanovich M, Sun Y, Perez-Carrion R, Boni C,

Monnier A, Apffelstaedt J, Smith R, Steeboom HP, Jaenicke F,
Pluzanska A, Dank M, Becquart D, Bapsy PP, Salminen E,
Snyder R, Chaudri-Ross H, Lang R, Wyld P, Bhatnagar A (2003)
Phase I study of letrozole versus tamoxifen as first-line therapy
of advanced breast cancer in postmenopausal women: analysis of
survival and update of efficacy from the International Letrozole
Breast Cancer Group. J Clin Oncol 21(11):2101-2109

@ Springer



768

Breast Cancer Res Treat (2012) 133:759-768

20.

21.

22.

23.

24.

25.

26.

27.

Hillner BE, Smith TJ (1991) Efficacy and cost effectiveness of
adjuvant chemotherapy in women with node-negative breast
cancer. A decision-analysis model. N Engl J Med 324(3):160-
168

Earle CC, Chapman RH, Baker CS, Bell CM, Stone PW, Sand-
berg EA, Neumann PJ (2000) Systematic overview of cost-utility
assessments in oncology. J Clin Oncol 18(18):3302-3317

Cole BF, Gelber RD, Gelber S, Coates AS, Goldhirsch A (2001)
Polychemotherapy for early breast cancer: an overview of the
randomised clinical trials with quality-adjusted survival analysis.
Lancet 358(9278):277-286

Gold MR, Siegel JE, Russell LB, Weinstein MC (eds) (1996)
Cost-effectiveness in health and medicine. Oxford University
Press, New York

Japan Society of Clinical Oncology (2005) Guideline of appro-
priate use of anti cancer drugs: breast cancer. Int J Clin Oncol
10:15-55 (in Japanese)

Iwata H, Nakamura S, Toi M, Shin E, Masuda N, Ohno S,
Takatsuka Y, Hisamatsu K, Yamazaki K, Kusama M, Kaise H,
Sato Y, Kuroi K, Akiyama F, Tsuda H, Kurosumi M (2005)
Interim analysis of a phase II trial of cyclophosphamide, epiru-
bicin and S-fluorouracil (CEF) followed by docetaxel as preop-
erative chemotherapy for early stage breast carcinoma. Breast
Cancer 12(2):99-103

Papaldo P, Ferretti G, Di Cosimo S, Giannarelli D, Marolla P,
Lopez M, Cortesi E, Antimi M, Terzoli E, Carlini P, Vici P, Botti
C, Di Lauro L, Naso G, Nistico C, Mottolese M, Di Filippo F,
Ruggeri EM, Ceribelli A, Cognetti F (2006) Does granulocyte
colony-stimulating factor worsen anemia in early breast cancer
patients treated with epirubicin and cyclophosphamide? J Clin
Oncol 24(19):3048-3055

Kondo M, Hoshi SL, Toi M (2009) Economic evaluation of
chemoprevention of breast cancer with tamoxifen and raloxifene
among high-risk women in Japan. Br J Cancer 100(2):281-290

@ Springer

28.

29.

30.

31

32.

33.

34.

Shiroiwa T, Sung YK, Fukuda T, Lang HC, Bae SC, Tsutani K
(2010) International survey on willingness-to-pay (WTP) for one
additional QALY gained: what is the threshold of cost effec-
tiveness? Health Econ 19(4):422-437

Drummond M, Pang F (2001) Transferability of economic eval-
uation results. In: Drummond M, McGuire A (eds) Economic
evaluation in health care: merging theory with practice. Oxford
University Press, Oxford, pp 256-276

Goeree R, He J, O’Reilly D, Tarride JE, Xie F, Lim M, Burke N
(2011) Transferability of health technology assessments and
economic evaluations: a systematic review of approaches for
assessment and application. Clinicoecon Outcomes Res 3:89-104
Ishiguro H, Kondo M, Hoshi SL, Takada M, Nakamura S, Ter-
amukai S, Yanagihara K, Toi M (2010) Economic evaluation of
intensive chemotherapy with prophylactic granulocyte colony-
stimulating factor for patients with high-risk early breast cancer
in Japan. Clin Ther 32(2):311-326

Weigel MT, Dowsett M (2010) Current and emerging biomarkers
in breast cancer: prognosis and prediction. Endocr Relat Cancer
17(4):R245-R262

Akaza H, Hill D, Roh JK, Hao XS (2010) Proposal on the
establishment of infrastructure for providing cancer treatment in
Asia in the context of global health: Asia—Pacific cancer con-
ference (12-14 November 2009). Jpn J Clin Oncol 40(Suppl 1):
i86-192

Shiroiwa T, Fukuda T, Shimozuma K, Ohashi Y, Tsutani K
(2008) The model-based cost-effectiveness analysis of 1-year
adjuvant trastuzumab treatment: based on 2-year follow-up
HERA trial data. Breast Cancer Res Treat 109(3):559-566



