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Abstract

Trastuzumab has shown activity in early breast cancer patients that overexpress HER2. Significant resources have to be
allocated to finance this therapy, underlining the need for cost-effectiveness analysis. A model was set up, societal costs were
calculated and the discount rate was 3%. Life expectancy data were based on the literature and prolonged according to
qualified guess (10% and 20% absolute improvement in overall survival (OS)). The comparator was the FEC, (o regimen.
The median additional health care cost per patient treated was €33 597. The yielding cost per life year gained (LYG) was
€15 341 with a 20% improved OS and €35 947 with 10% improved OS. The corresponding net health care cost per quality
adjusted life year (QALY) was €19 176 and €44 934. Including all resource use the figures were €8 148 and €30 290 per
LYG. Sensitivity analyses documented survival gain, price of trastuzumab, production gain and discount rate to be the

major factors influencing cost-effectiveness ratio. Trastuzumab is indicated cost effective in Norway.

Breast cancer is the most common cancer among
women in North America and throughout Europe.
The high incidence makes the treatment of breast
cancer a significant financial burden to the health
care systems worldwide [1]. HER-2/neu amplifica-
tion is recognized in 20—30% of breast cancers [2—4]
and is associated with an aggressive form of the
disease with significant shortened disease-free survi-
val and overall survival [5,6]. It is also an important
factor predicting response to certain chemotherapy
regimens and hormonal treatment [7]. The trans-
membrane receptor has been a goal for targeted
manipulation with humanized murine monoclonal
antibody (MAb). The most known antibody in
today’s clinical practice is the humanized murine
antibody trastuzumab (Herceptin®: Genentech, Inc,
So. San Fransisco, California). Currently other
compounds are in the pipeline.

So far, drug costs in cancer therapy have con-
stituted a minor share of the total resources spent on
health care. Yet, the introduction of a panel of MAbs

for different cancer forms may change the scenario.
In Norway, the drug costs at oncology units have
increased by about 30% annually for the last 3 years,
mainly due to the implementation of MAbs.

While trastuzumab monotherapy [8,9] had mod-
erate effects in advanced breast cancer, trastuzumab
improved overall time to progression but also
survival when administered in concert with che-
motherapy [10,11]. Recently, four trials reported
trastuzumab added to chemotherapy to reduce
short-term relapse rate by approximately 50% com-
pared to chemotherapy alone [12—14]. While these
results suggest potential long-term survival benefits,
the high costs of this therapy call for studies enabling
cost-effectiveness or cost-utility. As follow-up time is
short, model based health economic analysis may be
a supporting tool for administrators, authorities and
insurers that have to decide whether to cover the
significant amounts or not. This study explores cost-
effectiveness of including trastuzumab in adjuvant
breast cancer treatment in Norway.
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Material and methods

The model is depicted in Figure 1. A marginal
analysis was employed, comparing the incremental
costs of this new treatment as compared with — or in
addition to — current standard treatment as pro-
posed by Drummond [15]. The total cost includes
incremental health care cost (C; =drug cost, admin-
istration costs, cost of HER-2 analysis, cost of
hospitalisation, cost of out-patient therapy), pa-
tient/family costs (C, =travelling) and costs in other
sectors (Cs; =production losses). While travelling
costs are covered by the health care system in
Norway, it is reported here as patient/family costs
in accordance to standard practice in this literature.
The economic benefits will be in terms of health care
savings (S; =avoided resources spent on treatment
of relapses in the trastuzumab containing arm) and
in terms of savings in other sectors (S, =production
gains). The effectiveness (E) can be calculated as the
difference in life years gained (ILYG) employing the
prior regimen (E') (fluorouracil, epirubicin, cyclo-
phosphamide — FEC,yo) and the new standard
therapy (E?) (FEC;qo —trastuzumab).

Various assumptions can be made in a cost-
effectiveness analysis (CEA) depending on which
costs and economic consequences that are ac-
counted for. A narrow analysis accounts for health
care costs and consequences only, i.e. C;-S;. A

broad analyses include indirect costs and production
gains (PG) as well, something that provides
an estimation of net societal costs; i.e. C;+C,+
C3—S8;—S,. In a CEA, costs are compared with
the incremental health gains; E* —E' — as measured
in LYG or quality adjusted life years (QALY). The
exact resource consequence of using trastuzumab in
the adjuvant setting is currently unknown. However,
modelling can offer support to decision makers as
long as it reflects real-world conditions [16].

Treatment and comparator

Trastuzumab is additive in its current use and do
not replace any existing therapy. Thus, we compare
FEC,0o [fluorouracil, epirubicin (100 mg/m?),
cyclophosphamide] regimen administered for six
cycles on a 3-weekly basis [17] to the same regimen
followed by trastuzumab 3-weekly administration
for 17 cycles. This practice is according to the
Norwegian Breast Cancer Group (INBCG) guideline
as in November 2005 (www.nbcg.net). The NBCG
has estimated approximately 12% of the Norwegian
patients being candidates for adjuvant trastuzumab.

Trastuzumab is administered at a loading dose of
8 mg/kg following adjuvant chemotherapy. It is
continued with a 3-weekly (6 mg/kg/3w) interval
for one year (16 courses). Trastuzumab therapy is
initiated within 7 weeks following end of adjuvant
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Figure 1. The figure shows the model. Only the cost of the prevented relapses is counted in the analysis.

Adjuvant trastuzumab is calculated saving 10 or 20% from death of metastatic breast cancer (death 0.8 or 0.9).

1* line therapy (paclitaxel/trastuzumab or docetaxel/trastuzumab) in metastatic setting was calculated administered in the time span 1-6
years following adjuvant chemotherapy (ACT) and 90% (0.9) were concluded candidates for 1° line therapy.

27 Jine therapy (vinorelbine or vinorelbine/trastuzumab) was calculated administered in the time span 2—8 years following ACT and two-
thirds (0.67) of patients undergoing 1°* line therapy was candidates for 2°¢ line therapy.

3" line therapy (capecitabine) was calculated administered 4—10 years following ACT and two-thirds (0.67) of patients undergoing 2™ line

therapy was candidates for 3™ line therapy.



chemotherapy or within 6 weeks after finishing
radiotherapy [13].

Effectiveness

While there are several ongoing studies [18] in this
setting, so far the results from four trials [12—-14,19]
have been reported in peer-reviewed journals. This
include the international HERA trial [13] and the
combined analysis of the two North American
studies (National Surgical Adjuvant Breast and
Bowl Project-NSABP B31 and North Central Can-
cer Treatment Group NCCTG N9831) [12]. One
study has so far not been published in a peer-
reviewed journal. The study by Joensuu et al. [14]
includes a limited number of patients and is the only
one with a short time trastuzumab regimen. Due to
this fact, we did not run any estimates based on the
study.

So far, only one study [12] has documented an
improved overall survival (hazard ratio, 0.67; 95%
confidence interval, 0.48 t0 0.93; p =0.0015). Based
on all reports and employing distant relapse-free
survival (DRFS) as a surrogate of future overall
survival rates, we decided to employ a 10% and a
20% absolute improvement level in overall survival
caused by trastuzumab (Figure 2). The improved
survival figure was in addition to a stated level and
assumed to be reached at 10 years follow-up.
Furthermore, the benefit was equally distributed
over the whole ten-year period. To reflect the non-
trastuzumab arm, the 30 years’ follow-up data of
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Figure 2. The figure illustrates the 10 years survival figures
published by Bonadonna (CMF regimen) [13], an estimated 5%
improved survival due to the FEC regimen [13], the results of the
JOINT study [15] and two suggested levels (10% and 20%) of
improvement (from the FEC results indicated) due to tratuzumab.

Trastuzumab-health economics 155

adjuvant therapy reported by Bonadonna and cow-
orkers [20] were plotted. While stage migration due
to better classification of axillary status may move
patients from the node negative toward the node
positive group improving the prognosis for both due
to a “Will Rogers” effect, HER2 positive tumors
have a very poor prognosis, thus anticipated the poor
prognosis related to this subtype to compensate for
migration in N+ status [5,6,21]. Bonadonna et al.
[20] disclosed at 25 years follow-up after adjuvant
CMF an overall survival of 40%. Since then,
anthracycline containing regimens have further im-
proved the survival figures by 3-7% [17]. A “stop
and drop” situation is employed at 20 years follow-
up. Life years gained can then be estimated by
calculating the area between the FEC curve and the
10% and 20% improvement in absolute 10 years
overall survival (Figure 2). In a 20 years perspective
1.5 (10%-alternative) and 3 (20%-alternative) un-
discounted life years are gained depending on
alternative chosen. The four-year follow-up results
from the joint study [12] are added to illustrate the
present short time knowledge in this setting.

The median age of women undergoing adjuvant
chemotherapy in Norway is 50 years [22]. This is
also in accordance with the 49 years reported in the
HERA study [13]. The number of primary breast
cancer patients in Norway is shown in ten-year
cohorts in Table I. According to the recommenda-
tions for adjuvant chemotherapy (www.nbcg.net),
fewer patients aged above 55 years of age will
undergo adjuvant chemotherapy. Including only
the ER- and ER (poor) patients, the “weight” in
terms of the number of candidates for adjuvant
chemotherapy in this group is reduced by 50%. In
our model, this was compensated for by reducing the
cohort aged 50-60 years by 25% and the cohort
aged 60—70 years by 50%. Based on this informa-
tion, life expectancy following adjuvant trastuzumab
therapy is 26.53 years (Table I). This figure is based
on the general Norwegian population. Due to
potential increased death rate related to long-term
side effects (heart disease and secondary malig-
nancy) we reduced expected survival benefit to an
average of 20 years. This assumption is also sup-
ported by a prior study in this field [17].

Costs

All costs are calculated according to Norwegian
unit costs and converted to Euros at the rate
of 1€=8.02 NOK as of February 6% 2006
(www.norges-bank.no).

Costs may be divided into health care costs, costs
related to patient/family and costs in other sectors
[15]. The health care costs in adjuvant breast cancer
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Table I. Effectiveness: The table illustrates the calculation of life expectancy following adjuvant chemotherapy containing trastuzumab in
early breast cancer.

Corrected*
Age (yrs) No BC! Life exp? LYG® no LYG LYG figure employed 3% d.r’ LYG
20-30 16 52.4 0.44 16 0.60 0.45 0.23
30-40 101 42.6 2.24 101 3.06 2.30 1.33
40-50 391 33.2 6.75 391 9.22 6.92 4.45
50-60 769 24.3 9.72 577 9.96 7.47 5.36
60-70 646 16.1 5.41 323 3.69 2.77 2.23
1923 24.56 1408 26.53% 20.00 13.6

'No BC =number of breast cancers in Norway in 2003 (National Cancer Registry).
?Life exp =life expectancy. The data is from Statistics Norway and based on all women born in the time period 1956—60. The calculated life

expectancy of each subgroup is indicated by in example: 20—30 years = (life exp. 20 yrs+life exp. 30 years)= 0.5.

’LYG =life years gained =(no BC) » (Life exp)/1923.

“Corrected LYG: The group 50—60 years and 60—70 years were reduced by 25 and 50%, respectively. Corrected LYG = (corrected no

BC)*(life exp)/1408.

°D.r. =discount rate. Figures employed were discounted with life expectancy in third column.
«This figure (26.53 LYG) is based on the Norwegian population' and possible effects as risk of death of heart disease or secondary
malignancies due to therapy have to be implemented. A cautious time horizon of 20 years (25% reduction) was employed in our calculation

(Figure 2).

Effectiveness: 20% improved OS =3 LY. 3% d.r. and 20 years perspective =2.19 LY.
10% improved OS =1.5 LY. 3% d.r. and 20 years perspective =1.10 LY.

therapy are mainly related to hospitalisation, out-
patient treatment and drugs. Costs related to pa-
tient/family are mainly due to travelling. The im-
portant costs in other sectors are production losses.

The breast-cancer model (Figure 1) is set up from
diagnosis to time to death. This includes the follow-
ing phases: Diagnosis of breast cancer, surgical
treatment (breast conserving surgery/mastectomy),
adjuvant chemotherapy, radiotherapy, hormonal
therapy and treatments in the metastatic phase. In
an incremental CEA, only costs differing between
the two groups need to be included. Adjuvant
trastuzumab therapy have no influence on diagnosis,
surgery, radiotherapy and chemotherapy in the
primary setting (as it is added in a later phase) and
the early phases were thus calculated zero in both
arms. Details are shown in Table II.

Most authors employ discount rates between 3%
and 5% to incorporate future health outcomes and
costs [23]. While 5% has been standard practice,
most contemporary studies have applied 3%.We
used a 3% discount rate and included 0% and 5%
in the sensitivity analysis.

Health care costs (C;)

a) Trastuzumab costs. The doses of trastuzumab
employed in this model are described above (treat-
ment and comparator) Trastuzumab is delivered in
150 mg standard units at a cost of €822/unit. Thus in
women having a weight of more than 75 kg, 4 units
(5 units for the first cycle) are necessary for a
sufficient dose. To indicate the number of units
needed, we registered the weight of all women with

early breast cancer referred to the out-patient unit at
the University Hospital of North Norway (UNN) in
January and February 2004 for adjuvant chemother-
apy. Twenty-three percent had a weight of more than
75 kg (mean 70.2 kg, range 56.5-92 kg). This
weight is in accordance with the mean weight among
Norwegian adult women of 69.5 kg according to
Statistics Norway (www.ssb.no). Current practice
indicates that most clinicians do not increase the
number of units on economic reasons, even for
women with a body weight slightly above 75 kg.
Furthermore, patients may be clustered and trastu-
zumab left over when one patient’s dose is prepared
may be implemented in another’s infusion. We
therefore employed a qualified guess by two experi-
enced medical oncologists at the Department of
Oncology, UNN assuming 15% of the patients need
an additional drug unit [1]. Data from the HERA
study has shown an 8.5% treatment withdrawal
(www.asco.org). The reason was safety in 6% and
refusal in 2.5% of the participating women. Based on
these figures, we included a dose intensity of 94% in
our model. As all costs occur within the first year,
they were not discounted. Based on all information,
the mean drug cost per patient treated with trastu-
zumab was calculated €42 354. Details are shown in
Appendix 1. This figure together with the additional
cost items discussed below is listed in Table II.

b) Assessment of HER-2 status. There are two major
alternatives for the assessment of HER-2 status,
immunohistochemical (IHC) assay (i.e. HerCep test
— DAKO, Carpinteria, CA) or in situ hybridization
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Table II. The costs per patient treated (in €). Only the costs and savings differing between the two adjuvant regimens (standard FEC100
and FEC100 + Trastuzumab) are included.

Standard FEC,,q FEC,oo+Trastuzumab Difference 0% d.r. 3% d.r.
Cost (C) adjuvant chemotherapy
Health care (C,)
Drug (Trastuzumab) 0 42354 42 354 42354
Cardiac check-ups 0 330 330 330
Pharmacy administration 0 326 32 326
Out-patient clinic 98 2192 2094 2094
Heart failure treatment 0 23 23 23
Patient/family (C,) Travelling 157 1249 1092 1092
Other sectors (C3) Production losses 0 2272 2272 2272
Sum cost: 48491 48491

Economic consequences — Savings (S).
1% line CT (Calculated 1-6 yrs perspective, 90% undergoing chemotherapy, 90% dose intensity)
Health care (S;)

Trastuzumab 6274 0 —6274 —5747
Paclitaxel 2411 0 —2411 —2208
Cardiol. check-ups 77 0 77 —71
Pharmacy adm. 264 0 —264 —242
Out-patient clinic 884 0 —884 —810
Heart failure treat. 10 0 —10 -9
CT-scans/x-rays 880 0 —880 —806
Patient/family (S,) Travelling 506 0 —506 —463
Other sectors (S3) Production gains 20139 0 —20139 —18.446
Savings due to avoided 1" line chemotherapy in metastatic setting —31445 —28 802
Alternative 1°* line CT
Health care (S;,)
Trastuzumab 5586 0 —5586 —5116
Docetaxel 4306 0 4306 —3944
Cardiologic check and treat. 87 0 —87 —80
Pharmacy adm. 86 0 —86 —-79
Out-patient clinic 288 0 —288 —264
Patient/family (S5,) Travelling 165 0 —165 —151
Other sectors (S3,) Production gains 20139 0 —20139 —18446
Savings due to avoided alternative 1" line regimen in metastatic setting —30 657 —28 080
279 line chemotherapy (Calculated a 2—8 years perspective, 67% of 1°* line patients included)
Health care (S)
Vinorelbine 951 0 —951 —834
Pharmacy adm. 49 0 —49 —43
OQut-patient clinic 129 0 —129 —113
CT-scans 353 0 —353 —309
Patient/family (S,) Travelling 189 0 —189 —166
Savings due to avoided 2" line chemotherapy —1671 —1465
Alternative 2™ line chemotherapy (Calculated a 2-8 years perspective)
Health care (S;,)
Vinorelbine 951 0 —951 —834
Trastuzumab 2334 0 —2334 —2046
Pharmacy adm. 49 0 —49 —43
Out-patient clinic 129 0 —129 —113
CT-scans 353 0 —353 —309
Patient/family (S,,) Travelling 189 0 —189 —166
Savings due to avoided alternative 2" Iine chemotherapy —4 005 —3511
3™ line chemotherapy (Calculated a 4—10 years perspective, 67% of 2™ line patients included)
Health care (S; =S;.)
Capecitabine 149 0 —149 —123
Out-patient clinic 23 0 —23 —19
CT-scans 237 0 —237
Patient/family (S,) Travelling 51 0 —51 —42

Savings due to avoided 3" line chemotherapy —460 —380
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using fluorescence (FISH) or chromogen (CISH)
detection. Whereas IHC is inexpensive, available
and easily performed in clinical pathology labs,
FISH/CISH is more predictive and therefore em-
ployed to confirm IHC results at the 2+ level.
Whereas the cost of analysis for HER-2 status
employing THC is €30.9 /test, this test is applied to
all breast cancers on a standard basis, as the result
may influence choice of adjuvant endocrine treat-
ment (www.nbcg.net) and the epirubicin dose of the
FEC regimen (FEC100 vs FEC60). The cost of
IHC, FISH/CISH was therefore excluded from the
analysis.

¢) Cardiac check-ups. By adding trastuzumab to
standard chemotherapy in the adjuvant setting,
new side effects and an altered need for hospitalisa-
tion occur. Congestive heart failure is the most
important factor in this setting. According to na-
tional guidelines, MUGA scan should be performed
every 12% week during adjuvant trastuzumab ther-
apy. The cost of these five check ups is €330.

d) Admanistration costs ar the pharmacy. For every
drug prepared at the pharmacy for intravenous
therapy, an administration cost is charged (€20.4).
For a median number of 16 cycles (17+0.94), the
pharmacy cost adds to €326.

e) Out-patient chinic costs. The introduction of adju-
vant trastuzumab alters the number of visits to the
out-patient clinic. According to recommendations,
the dose of trastuzumab is administered as an i.v.
infusion for 90 min. To reflect this cost, we added
the tariff of the NHA [24] for prolonged treatment
to the standard tariff of out-patient visits. The total
cost for 17 visits to the out-patient clinic employing
94% dose intensity was €2192 (Appendix 1).
Patients not undergoing adjuvant trastuzumab are
offered two follow-ups the first year. This cost of €98
is included in Table II.

) Treatment of congestive heart failure. Adding trastu-
zumab to standard chemotherapy in the adjuvant
setting introduces new side effects. Congestive heart
failure is the most important factor in this setting
and trastuzumab seems to be most cardiotoxic when
given concomitant with doxorubicin [10,12,22,23].
However, when the drug is administered sequentially
to chemotherapy, the risk seems to be in the 0.5—
2.2% range (HERA/N9831). In the report from the
HERA study, 7.1% had a decrease in left ventricular
ejection fraction (LVEF) by 10 EF points and LVEF

below 50%. Cardiologists documented congestive
heart failure in 0.5% of the patients. The Diagnosis
Related Groups (DRG) 127 [25] was employed to
reflect this cost of €23.

Travelling (C»)

According to Norwegian guidelines, each hospital
has to cover patient transportation costs. Many
patients are transported by taxi and others go by
public transportation or use their own car. Based on
a study by Norum and Holtmon [17] and the
national tariff, average transportation costs related
to one year of adjuvant trastuzumab were estimated
to €1 249. The corresponding cost of two regular
visits for patients not undergoing adjuvant trastuzu-
mab therapy was €157.

Costs in other sectors (C3)

The indirect costs in this setting are production
losses. The median age of women receiving trastu-
zumab was 49 years in the HERA [13] as well as in
the two American trials [12]. Women undergoing
chemotherapy for early breast cancer are temporarily
out of work receiving financial compensation from
the National Insurance Administration (NIA). Ac-
cording to Statistics Norway (www.ssb.no), 82.8% of
women aged 50—54 years are in the workforce. The
employer’s annual labour costs (including income,
pension and social costs) were used as a measure of
the production value. The 2004 mean figure was €41
958/year per woman in the work force (Statistics
Norway). The production losses during 17 visits
were then calculated at €2272. The total raised cost
due to adjuvant trastuzumab was calculated €48 491
(Table II).

Economic consequences — savings

Improved outcome for early cancer treatment may
reduce costs of therapy in the metastatic setting. At
present there are no national databases that can
show the treatment cost of metastatic breast cancer
in Norway. If available these data would have been
based on treatment practice more than a decade ago
(prior to the introduction of trastuzumab as well as
novel expensive cytotoxic compounds) and thus no
longer valid. We therefore had to estimate this cost.
Based on today’s knowledge we used a survival gain
estimate of either 10% or 20% in our model. Details
are shown in Figure 2. Due to performance status,
cardiac status, age and women’s preferences, some
women will not be candidates for trastuzumab
therapy in the metastatic setting. We assumed 90%
of HER2 positive patients not exposed to trastuzu-
mab in the adjuvant setting to be treated with a



trastuzumab-paclitaxel regimen in the first line
metastatic setting, and the doses were calculated
according to a median body surface area of 1.75 m>
[17]. The practice at the UNN has mainly been
paclitaxel (80—90 mg/m?) and trastuzumab (4 mg/kg
1°* dose and then 2 mg/kg) on a weekly basis [1]. In a
prior study [10], the median time in study was
40 weeks and the median number of doses of
trastuzumab was 36 (range 1-98). The savings
related to trastuzumab (20% improved overall sur-
vival (OS), 90% dose intensity (DI)) was calculated
to € 5 764. The figure for paclitaxel (price list
February 2006) was €2 411. The out-patient clinic
cost was € 884 and the pharmacy administration cost
was € 264 (Appendix 1, Table II).

An alternative regimen frequently employed is
docetaxel (100 mg/m? q3w) combined with trastu-
zumab (8 mg/kg 1°* dose and then 6 mg/kg q3w).
The corresponding drug savings employing this
regimen (40 weeks perspective — 13 courses — 90%
DI) was estimated to €4 306 for docetaxel and €5
586 for trastuzumab, respectively (Table II and
Appendix 1)

The average patient undergoes five CT scans and
thoracic x-rays during treatment. The cost was
calculated according to national prices [24] and
constituted €880 (Appendix 1).

Production gains were estimated, assuming 40%
of women continuing in the workforce until 10 years
after terminating adjuvant trastuzumab therapy and
women in the comparative group later undergoing
treatment for relapsing breast cancer to stay in the
workforce for a median time of 3 years (including
both time before relapse and time during therapy).
Most of the benefit of adjuvant chemotherapy occurs
during the first four years [26]. In our calculations,
relapse prevention was assumed to be equally
distributed over the first six years after completing
adjuvant chemotherapy. Details are shown in
Table II.

One of the second line regimens most frequently
employed in metastatic setting in Norway is single-
drug vinorelbine (30 mg/m?/w) and this regimen was
included in our analysis.

When discounting, we calculated the second
relapses equally distributed from the 29 until the
8" year after initial treatment. Investigators have
reported a median treatment duration employing
vinorelbine in second line setting ranging between
10-23 weeks [27-29]. Based on these studies, our
own clinical experience and the fact that patients
having a HER-2 positive tumor have a poor prog-
nosis, we calculated second line chemotherapy last-
ing for a median time of 20 weeks. We anticipated
two thirds of patients undergoing first line che-
motherapy candidates for second line therapy. Three
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CT-scans and thoracic x-rays were included and
constituted €353 (Appendix 1 and Table II).

In two of five Norwegian health regions, compris-
ing about 50% of the population, general practise
includes employing trastuzumab also in the second
line setting. To clarify this situation, an alterative
combining weekly vinorelbine with trastuzumab
every 3 weeks (7 courses) was added. The trastuzu-
mab cost was €2334.

Third line therapy implemented was capecitabine
(1250 mg/m? day 1-14/3w). We assumed two thirds
of patients undergoing second line therapy to be
candidates for third line therapy. The time perspec-
tive was 4—10 years and treatment duration 20 weeks
(Table II).

Adjuvant trastuzumab has so far had no influence
on contra lateral breast cancer [13]. Benefits related
to a reduced number of new primary cancers were
consequently not included. There may be improve-
ment in the number of locoregional relapse, but the
data are limited due to a short follow-up time. It was
therefore excluded from the analysis.

Sensitiviry analysis

In this survey, we performed a one-way analysis to
establish the individual effect of each component.
The sensitivity analysis included the following para-
meters: Discount rate: Several discount rates have
been employed in international literature [30-32].
In this sensitivity analysis, we employed a 0-5%
range. Considering costs of out-patient treatment,
administration, price of trastuzumab and travelling,
production gains and life years gained, we varied
each individual parameter with +25%.

Results

The results from the randomised trials [12,13]
indicate that the increased lifetime gains adding
trastuzumab in adjuvant setting may improve the
overall survival by 10—-20%. This is illustrated in
Figure 2. The area between the FEC curve and the
two suggested curves (10 or 20% improvement in
OS) expresses the life years gained and is 1.1 and
2.19 discounted life years (LY) (1.5—3 undiscounted
LY) gained per patient treated, respectively. The
total cost per patient treated (savings exclusive) was
calculated to €45 127-48491, depending on whet-
her production gains and travelling were taken into
account. Including savings, the total cost was in the
range €14916-33 168, depending on discount rate
(0 or 3%) and OS gain (10 or 20%, Tables II
and III).

The CEA (3% d.r.) indicated cost per life
year saved ranging between €8148 and €35 947
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Table III. The table shows cost-effectiveness (C/E) ratios depending on key costing assumptions and 10% or 20% improved overall survival
level. Effectiveness was calculated in life years gained (LYG) or QALYs. 3% discount rate was employed.

C/E 10% C/E 10% C/E 20% C/E 20%

Costs (€) LYG QALYs LYG QALYs
Health care cost only; C, 45127 41212 51515 20606 251757
Net health care resources; C; —S; 33597 35947 44934 15341 19176
Health care costs+Travelling; C; +C, 46219 42209 52761 21105 26381
Total costs; C;+C,+C5 48491 44284 55355 22142 27678
Net costs (exclusive production gains); C;+C,+C3 —S; —S, 36290 38713 48391 16571 20713
All resource use C;+C,+C5 —S; —S,—S;5 17 844 30290 37862 8148 10185

E =10% =1.095 Life years gained (LYG). E =20% =2.19 LYG.
Q =0.80. QALYs =Quality adjusted life years.

Cost effectiveness analysis (CEA): Cost/life year gained (LYG)

Discont rate =0%

CEA20%improved OS _ (¢ g )/E =€(45 127 —10 800 —1 482 —449)/3 =€10 799/LYG

CEA20%improved OS _ (¢ | C,4+C5 —S; —S, —S3)/E =€(48 491 —31 445 —1 671 —460)/3 =€4 972/1LYG
CEA!0%impr OS _ (| §)/E =€(45 127 —5 400 —741 —225)/1.5 =€25 841/LYG

CEA!0%impr- OS _ (G, 1. C,4C5 —S; —S, —S3)/E =€(48 491 —15 723 —836 —230)/1.5 =€21 135/LYG

(Tables II and IIT). Withdrawing trastuzumab from
the use in metastatic setting raised the upper CEA-
figure to €39 383. The 10% and 20% improved
absolute overall survival rate as achieved at ten years
follow-up and the 3% discount rate was employed
calculating all the cost and effectiveness (life years
gained-LYQG) figures in Table III.

The quality of life (Q =0.8) (Table III) was based
on the publication of Norum et al. [33], the review
by Mols and coworkers [34] and the Harvard
database (www.harvard.edu). Employing this figure,
the corresponding cost per quality adjusted life year
(QALY) was calculated in the range between €10
185 and € 48 391 (Table III). Specific quality of life

Productipn gain +/-&-_

Travelling +/- 25%

W Addition
O Reduction

Administration +-25% reduction

Outpatient trgatment +/-25%

Disgount rate OE‘&F
-10000 -5000 0 5000 10000
Euro (?)

Figure 3. The figure shows a sensitivity analysis illustrating the
variables having the strongest impact on the cost-effectiveness
analysis. The human capital approach (3% d.r. and 20% OS
benefit (see Table II) is employed as basis (marked as 0 =€8 148,
all resources use (Table III)).

figures during various treatment periods (adjuvant,
relapse and palliative setting) among HER-2 positive
breast cancer patients undergoing adjuvant trastu-
zumab therapy were not available. Furthermore,
long time figures are absent and thus our QALY-
calculations must be handled with care.

The alternative docetaxel-trastuzumab regimen
followed by the vinorelbine-trastuzumab combina-
tion in second line metastatic setting (Table II —
alternative regimens) did not have any significant
influence on cost-effectiveness. The net health care
resource [(C;_S,)/E, 20% improved OS and 3%
discount rate] was only reduced from €15 341 to €14
594 per LYG.

The univariate sensitivity analysis (Figure 3) re-
vealed life years gained (LYGQG), the price of trastuzu-
mab (+/—25%), production gain employed and
discount rate (0—5%) to be the most important factor
influencing cost-effectiveness. As long as trastuzu-
mab is routinely used in the metastatic setting, LYG
seems to be the only factor having significant impact
on the cost-effectiveness. Norwegian authorities have
indicated a cut-off limit of €54 000/LYG (NOK
425 000/LYQG) [35]. Employing this limit, adjuvant
trastuzumab have to improve absolute 10-years over-
all survival by at least 8% to be cost-effective (net
health care cost formulae; C1-S1).

Discussion

The major cost is trastuzumab, constituting 87% of
the primary raised costs. The major economic
benefits are chemotherapeutics avoided (29%) and
production gains (60%). The amount saved on



chemotherapy avoided is mainly due to the fact that
trastuzumab is employed in Norway in first line
metastatic setting. Thus, 19% of the savings in
metastatic setting is directly related to trastuzumab
therapy. The first column of Table III shows how the
cost figure, that form the basis for the C/E-calcula-
tions, depend on which cost — and cost-savings —
items that are being taken into account. Given the
methodological controversy related to the inclusion
of production gains [15], as well as the recommen-
dations in guidelines in many countries (e.g. NICE)
to ignore this item, the formula yielding the net
societal cost figure of €17 844 is unlikely to be used.
Since the production losses that arise during treat-
ment are less uncertain than the production gains
arising in the future, the formulae yielding €36 290 is
more likely to be used. However, some might still ask
for consistency on this matter and argue that if
production gains are not being taken into account,
neither should production /losses. When using a
societal economic perspective, it can be argued that
also costs for added life-years should be implemen-
ted in the analysis. Drummond and colleagues [15]
argue that this is up to the analyst to determine the
importance of this factor. Whereas this cost may be
substantial in this setting, it should be kept in mind
that the figure is difficult to suggest occurs decades
later and have to be discounted. The cost may
be somewhat balanced by the fact that costs of
terminal care was not included in this survey.
However, this fact should be kept in mind when
thresholds are focused. Furthermore, given that
travelling costs in our region would be higher than
in most other countries (due to long distances), and
that these cost items are relatively small in the
current context, one could argue for a narrow
costing approach that yield net health care costs
per patient of €33 597 as the base case. However, the
cost figures resulting from the alternative formulas
are included.

While preliminary data on the use of trastuzumab
in adjuvant chemotherapy are promising, the cost
issue is a major concern. McLaren stated that
the financial burden on the health system in
the UK could be in the range of £400000 per
recurrence prevented [36]. The one year cost of
treatment per patient has been reported between
$US 60000 [37] and $Cdn 35 —45 000 [38]. Based
on the latter cost figure, trastuzumab was not
approved for funding in Ontario until after a
substantial media frenzy [39]. In England, a NHS
primary care trust recently reversed its decision
not to pay for trastuzumab in the adjuvant se-
tting [40].

Based on the preliminary results from three
available international studies [18], the Norwegian
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Breast Cancer Group (NBCQG) has recommended
trastuzumab as standard practice in adjuvant treat-
ment of early breast cancer (www.nbcg.net). Em-
ploying our results, the coverage of trastuzumab in
adjuvant setting can be justified on a cost-effective-
ness basis.

The cost effectiveness results in our model-based
study are consistent with the results from an Amer-
ican [37] as well as a Canadian study [41]. An
overview [42] including these studies and others was
recently published. It concluded the cost per LYG in
the range between €10000 and 75 000, depending
on method chosen and breast cancer patients
focused. A 16% reduction in distant disease free
survival at 4 years in the joint study [12] may also
support the assumption of an acquired benefit of
about 20%. In his CEA, Hillner [37] estimated an
increase in overall survival exceeding one LYG at
13 years follow-up. This is in accordance with our
suggestions (10% =1 LYG at 15 years and 20% =1
LYG at 10 years follow-up). A model based study by
the Norwegian knowledge centre for the health
services [43] included HER2 positive women at the
age of 50 years, data from the literature and the
Cancer Registry of Norway (CRN) and suggested a
survival gain of 2.7 years (from 77.5 to 80.2 yrs).
The corresponding cost per LYG was calculated in
the range between €9 000-19000 (NOK 72 000-
152000), depending on discount rate employed
(0-3%). A similar report from the Danish national
board of health [44] indicated a cost per LYG of
DKK 78 475 (€10 516) (indirect costs exclusive).
The life year gained employing trastuzumab in
adjuvant setting was calculated 2.6 discounted life
years and a 3% discount rate was employed.

However, as shown in our sensitivity analysis, the
upfront Euro cost may clearly be reduced by low-
ering the costs related to trastuzumab therapy. The
study of Joensuu et al. [14] is such an example. They
employed trastuzumab for only 9 weeks and revealed
an improvement in 3 years distant disease free
survival from 76% to 93% (p =0.078) and a trend
towards superior overall survival (p =0.08). If future
studies can document nine weekly cycles as effective
as regimens lasting for one year, cost-effectiveness
will surely be improved.

The regular use of trastuzumab in first line
metastatic setting in Norway is one of the factors
improving the cost-effectiveness of adjuvant trastu-
zumab. Interestingly, while the use of trastuzumab in
metastatic setting has been indicated not cost-
effective [1], use of trastuzumab on this indication
has been accepted by the Norwegian Health Autho-
rities as well as the National Institute for Health and
Clinical Excellence (NICE.) in the UK [45].
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Production gain is another important factor. At
present 80% of Norwegian women aged fifty are in
the working force according to Statistics Norway. At
the age of 60, this percentage has dropped to 50%.
The unemployment rate in Norway is 4.8%. Im-
plementing the side effects of surgery, chemotherapy
and radiotherapy, it is reasonable to suggest a lower
percentage of women treated for breast cancer
continuing in the work force. Based on all these
factors, we believe our suggested guess of 40%
returning to the workforce for a median time of
10 years being a reasonable figure. Other settings are
illustrated in our sensitivity analysis. In this study, we
did not implement cost of treatment in the terminal
care setting nor did we include costs of hormonal
therapy. HER2 positive metastatic breast cancer is
known as a disease with poor prognosis. In this
situation, chemotherapy is the most important
therapeutic agent. We did not reveal sufficient data
to implement these factors. However, if implemen-
ted, hormonal therapy may have caused a minor
improvement of the cost-effectiveness figures. The
magnitude of survival gain is the factor having the
greatest influence on the cost-effectiveness figures.
This was also concluded by Hillner [37] and Neyt
and colleagues [46]. Based on the interim analysis
from studies performed, a 10-20% improvement
looks reasonable. However, it should be kept in mind
that the patients entering clinical trials do not
reflect average patients and the survival gain ob-
tained in “real life” may be lower. It could be argued
that different time horizons should be included in
the sensitivity analysis. We believe this factor
would make the analysis more complex and argue
that it is taken care of within the 10-20% range
employed.

Monoclonal antibodies are today the most costly
drugs introduced in cancer therapy. Obviously, they
will account for a significant amount of resources
spent in cancer care in the near future. All of them
have just been released on the market and are
protected by patent regulations for several years
ahead. A survey among American medical oncologists
has revealed that they suggest a cut-off at
US$ 300000 per quality adjusted life year (QALY)
[47]. National as well as private health insurers and
hospital owners have a clear interest in counteracting
this trend of raising cost as long as their resources are
limited.

In conclusion, trastuzumab looks cost-effective in
adjuvant treatment of HER2 positive breast cancer
in Norway employing a cut-off of €50 000/life year
gained. At least 8% improvement in absolute ten
years overall survival must be achieved.
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Appendix 1: The appendix shows the calculations
of costs.

— Unit cost trastuzumab=NOK 6 592 (Pharmacy UNN,
February 2006) =€822/unit.

— Drug cost adjuvant trastuzumab = [cost/unit*units loading
dose + (cost/unit*units standard dose*16 courses*dose in-
tensity)] =[(€822*4.15) + (€822 * 3.15 * 16*0.94)] =€42 354.

— Cardiac check ups = (tariff code 708ca+202)*5 =(NOK?345
+185)*5 =€330

— Out-patient clinic costs (National Health Administration):
[(HO6e+201b)*17+ (HO02*2+HO01*15) ]*dose intensity =
NOK (801 +245)*17 + 146*2 +42%15)*0.94 =€2 192.

— Regular follow-ups control group (two follow-ups the first
year): (201b*2+H02*2 =€98

— Treatment of congestive heart failure =DRGI127 *
frequency =NOK37 300*0.005 =€23.

Production loss during adjuvant therapy = (€41

958%0.828)*17 days/260 days] =€2 272

Savings 1st line trastuzumab/paclitaxel in metastatic setting

(20% improved OS 90% DI):

O Trastuzumab: [(€822*2.15+€822%1.15%35)%0.9%0.2] =
€5 764.

O Paclitaxel: [(€372*%36*0.9%0.2] =€2 411.

O Out-patient clinic cost: [(H06e+201b)*36+ (HO02*2+
HO1*¥34)]*0.9%0.2 =NOK  [(801+245)*36+146*2 +
42*34]*0.9*0.2 =NOK 7 088] =€ 884.

O Pharmacy administration cost: (163.5%2*36*0.9%0.2/
8.02) =€ 264

Alternative 1st line regimen (Docetaxel/trastuzumab, 13

courses—90%DI):

O Docetaxel: [(€2163*13)*0.9*0.9*0.2] =€4 306

O Trastuzumab: [((€822%4.15)+ (€822*3.15*12))*0.9%0.9
*0.2] =€5 586

CT scans and thoracic x-rays during 1* line treatment: [(tariff

code 202+PKO001+PK002+x-ray PK113+CT PK301)

*5%0.9 =(NOK185+136+136+113+999)*0.9%5] =€880.

CTscans and thoracic x-rays during 2™ line treatment: [(tariff

code 202+PKO001+PK002+x-ray PK1134+CT PK301)*3

*0.9*0.67 =(NOK 185+136+136+113+999)*1.8] =€353

Trastuzumab in 2°¢ line setting: [((€822*4.15)+ (€822%

3.15%6))*0.9%0.67*0.2] =€2 334.



