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Abstract

Background. Trastuzumab is a monoclonal antibody that together with chemotherapy significantly improves time to
progression and overall survival for metastatic breast cancer patients with tumours overexpressing HER2. The aim of this
study was to analyse the cost-effectiveness of HER2 testing and trastuzumab in combination with chemotherapy compared
with chemotherapy alone from a societal perspective in a Swedish setting. Material and methods. We used a Markov state
transition model to simulate HER2 testing and subsequent treatment in a hypothetical cohort of 65 year old metastatic
breast cancer patients. Outcomes included life-time costs, quality adjusted life years (QALY), and cost per QALY gained.
Five different testing and treatment strategies were evaluated. Results. We estimated the cost per QALY gained to be about
485 000 SEK for the strategy of IHC testing for all patients, with FISH confirmation of 2+ and 3+, and trastuzumab and
chemotherapy treatment for FISH positive patients. For the strategy of FISH testing for all patients, with trastuzumab
and chemotherapy for FISH positive patients, we estimated the cost per QALY gained to about 561 000 SEK. The
remaining testing and treatment strategies were dominated. Results were sensitive to changes in utilities, the risk of breast
cancer related death, and test characteristics. Conclusion. Our analysis indicate that FISH testing for all patients with
trastuzumab and chemotherapy treatment for FISH positive patients is a cost-effective treatment option from a societal

perspective.

Breast cancer is the most common type of female
cancer in Sweden, with approximately 7 000 new
diagnosed cases and 1500 deaths from the disease
each year [1,2]. Recent studies shows that breast
cancer places a significant economic burden on the
health care system, as well as being associated with
considerable production losses arising from sick-
leave and early retirement [3].

Approximately 25 to 30% of breast cancers over-
express the human epidermal growth factor recep-
tor-2 protein (HER2/neu), a product of the HER2
oncogene. Malignancies that overexpress HER2 are
associated with a more aggressive disease course with
a significant shortened overall survival [4,5].

Trastuzumab is a monoclonal antibody that to-
gether with chemotherapy significantly improves
time to progression and overall survival for meta-
static breast cancer patients with tumours overex-
pressing HER2, compared with chemotherapy alone
[6,7].

The effectiveness of a targeted therapy such as
traztuzumab depends on the identification of poten-
tially receptive patients. Currently, the Swedish
guidelines for identifying HER2 positive patients
states that patients should be tested using immuno-
histochemical (IHC) tests, and confirming 2+ and
3 + patients with a fluorescence in situ hybridization
(FISH) test [8].

In 2005, trastuzumab sales was approximately
92 million SEK in 2005 in Sweden, which amounted
to approximately 3% of total sales for drugs in the
Anatomic Therapeutic Chemical (ATC) group L
(antineoplastic and immunomodulating agents) [9].
However, since the use of trastuzumab is associated
with a substantial increase in the cost per patient
treated (a treatment using 40 doses of 150 mg would
add an extra 254 000 SEK in drug costs per patient
[10]), the use of trastuzumab can have a consider-
able impact on the budget of individual oncology
clinics. Due to the limited resources available in the
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health care system, it is important that resources are
used in a cost-effective manner.

Previous studies concerning the cost-effectiveness
of traztuzumab for HER2 positive metastatic breast
cancer patients have not reached consistent conclu-
sions. The study by Hornberger et al. [11] con-
cluded that trastuzumab plus paclitaxel for first-line
treatment of 34+ HER2-positive metastatic breast
cancer was cost-effective, compared with paclitaxel
alone. The National Institute for Health and Clinical
Excellence (NICE) used this study when developing
the guidance on the use of trastuzumab for treat-
ment of advanced breast cancer [12].

However, two subsequent studies have concluded
that the cost-effectiveness of trastuzumab treatment
is questionable. Both the study by Elkin et al. [13]
and the study by Norum et al. [14] compared
trastuzumab plus chemotherapy with chemotherapy
alone and found that the incremental cost-effective-
ness ratio (ICER) per QALY gained was in excess of
what is normally considered cost-effective.

One reason for this inconsistency in the results of
previous cost-effectiveness studies could be caused
by how cross over from the chemotherapy alone arm
to trastuzumab was handled in the different analyses.
In the clinical study by Slamon et al. [6], which was
used in all of the three different cost-effectiveness
studies to estimate the clinical benefit of trastuzu-
mab, 66% of the patients initial assigned to the
chemotherapy alone arm crossed over and received
trastuzumab after disease progression. The study by
Norum et al. [14] did not adjust for this cross over,
and thus actually compared trastuzumab +chemo-
therapy with chemotherapy alone and cross over to
trastuzumab after disease progression, instead of
comparing trastuzumab +chemotherapy with che-
motherapy alone. Elkin et al. [13] tried to adjust
for the problem of cross over in their analysis by not
calibrating the model to the overall survival of the
chemotherapy alone arm. However, the impact of
their adjustment on the final result is difficult to
quantify. The study by Hornberger et al. [11] used
propensity scoring on unpublished trial data in order
to obtain unbiased estimates of the time to death,
thus adjusting for the problem of cross over.

Due to these inconsistent results of previous
studies, further investigation of the cost-effectiveness
of trastuzumab is important. With the publication of
the clinical trial by Marty et al. [7], published data
on the overall survival of trastuzumab + chemother-
apy as well as overall survival of chemotherapy alone
(no cross over) is now available. Using published
clinical trial data together with studies on the cost
and quality of life of breast cancer patients, the aim
of this study was to analyse the cost-effectiveness of
HER?2 testing and trastuzumab in combination with
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chemotherapy compared with chemotherapy alone
from a societal perspective in a Swedish setting.

Material and methods
Cost effectiveness analysis

Cost-effectiveness analysis is a comparative analysis
of both the costs and effects of two or more
interventions. The effects are expressed in non-
monetary units, such as life years (LY) gained or
quality adjusted life years (QALY) gained. The
incremental cost-effectiveness ratio (ICER) is de-
fined as the ratio of the difference in cost to the
difference in effect between the two comparators:
ICER =(C,—Cy)/(E,~Ey), where C; is the cost and
E; is the effect of intervention i. To properly calculate
the ICER for an intervention, the intervention
should be compared with the next most effective,
non-dominated, intervention.

An intervention can be dominated for two rea-
sons. The first reason is usually referred to as
“simple dominance”, and arises when an interven-
tion is less effective and more costly compared to an
alternative intervention. The second alternative is
when an interventions ICER is higher than that of
the next more effective intervention. This is usually
referred to as “extended dominance”. The concept
of extended dominance is that the additional effect is
produced at a higher marginal cost than necessary.

Model

A model can be defined as a simplification of reality,
and the goal of model design is to exclude irrelevant
details while preserving the important characteristics
of the system under study. As long as all relevant
consequences of the treatment strategies are in-
cluded, the result should not be dependent on the
modelling technique used. The choice of modelling
technique should therefore be based its ability to
represent the available data in a simple and trans-
parent way. We chose to construct a Markov state
transition model, using monthly cycles, to evaluate
the cost-effectiveness of five different strategies for
identifying and treating HER2 positive patients
(Table I).

The model consists of three different states:
“Stable metastatic disease”, “Progressive metastatic
disease”, and “Dead”. Patients start in the state
“Stable metastatic disease” where they receive treat-
ment according their HER2 test results. Patients can
then transition to the state “Progressive metastatic
disease” or the absorbing state “Dead”. Death due
to breast cancer is only possible for patients in the
state “Progressive metastatic disease”, while transi-
tion to “Dead” due to other causes is possible from
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Table I. Test and treatment strategies.

Strategy First test Second test Treatment based on test results
1 None None Chemotherapy alone for all patients
IHC None Trastuzumab and chemotherapy for IHC +3 patients

Chemotherapy alone for all other patients

3 IHC None Trastuzumab and chemotherapy for IHC +2 and +3 patients
Chemotherapy alone for all other patients

4 IHC FISH for Trastuzumab and chemotherapy for FISH + patients

IHC +2 and +3 Chemotherapy alone for all other patients
5 FISH None Trastuzumab and chemotherapy for FISH + patients

Chemotherapy alone for all other patients

any state. The reference patient was a 65 year old
female with metastatic breast cancer, which is
consistent with the age of metastatic breast cancer
in clinical practise in Sweden. The model was
created using DATA Pro (TreeAge, Williamstown,
MA). The model is depicted in Figure 1.

HER?2 testing

THC tests use antibodies to localise specific proteins
in cells of a tissue section. Specimens are scored
semi-quantitatively as to the intensity of membrane
immunostaining on a four-point scale, with 0 in-
dicating absence of staining, 14 indicating the
lowest level of detectable staining and/or nonhomo-
geneous weak staining, 24 indicating moderate
homogeneous membrane staining, and 3+ indicat-
ing intense homogeneous membrane staining [15].

FISH is a technique that can be used to determine
how many copies of a specific segment of DNA are
present in a cell. It uses fluorescent DNA-probes,
which bind only to those parts of the chromosome
with which they show a high degree of sequence
similarity. If the average HER2 gene copy number to
chromosome 17 centromere copy number is greater
than or equal to 2, or if the average number of HER2
gene copies per tumor cell nucleus is greater than or
equal to 4, then the FISH test is considered positive
for HER2 gene amplification [16].

Stable
metastatic disease

Progressive
metastatic disease

Figure 1. Markov model.

Studies seem to indicate that FISH is the best
predictor of trastuzumab response [17-19]. Because
of this, we assumed that any benefit from trastuzu-
mab treatment was derived in the presence of HER2
gene amplification. However, in Sweden, IHC tests
are recommended for all patients, with FISH being
used to confirm 2+ and 3+. The study by Elkin
et al. [13] contains a thorough overview of IHC test
results compared to FISH test results. We have
used their weighted average to estimate the IHC
test results for FISH positive and FISH negative
patients.

Metastatic breast cancer progression and survival

Data on the time to progression (TTP) and the
overall survival (OS) used in the base case scenario
has been taken from the study by Marty et al. [7]. In
this study it was possible for the patients to cross
over from receiving chemotherapy to receiving
trastuzumab plus chemotherapy. Since we want
to compare trastuzumab plus chemotherapy with
chemotherapy alone, it is important to use OS of
patients that has not crossed over. Using the
estimates for patients that have crossed over would
tend to underestimate the real difference in OS
between the two treatment arms, and thus under-
estimate the benefit of trastuzumab plus chemother-
apy. We therefore used the OS for patients that had
received only chemotherapy without cross-over to
trastuzumab to estimate the transition probabilities
for patients receiving chemotherapy alone in our
base case scenario.

Transition probabilities between the different dis-
ease states were estimated using median TTP and
OS as well as Swedish life tables for the other cause
mortality [20].

Median TTP values from clinical trials were
transformed into monthly transition probabilities
between “Stable metastatic disease” and “Progres-
sive metastatic disease” using the following formula:



Table II. HER2 prevalence and HER2 testing.
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Base case value 95% CI Reference

Prevalence of HER2 positive breast cancer 0.25 4,5
Probability of IHC score, conditional on positive FISH results ©

0, 1+ 0.079 0.025-0.134 13

2+ 0.250 0.168-0.332 13

3+ 0.671 0.547-0.795 13
Probability of IHC score, conditional on negative FISH results *

0, 1+ 0.843 0.779-0.908 13

24 0.140 0.081-0.200 13

3+ 0.017 0.004-0.029 13

*Based on Table II from Elkin et al.

Transition probability (1 month)

=1- (1 - RisK(momh)l/x
Using the transition probabilities derived from
the median TTP and Swedish life tables, we
iteratively adjusted the transition probabilities until
the calibration model produced an overall survival
that approximated the trial median OS. Transition
probabilities are presented in Table III.

Cost

In the study by Marty et al. [7] docetaxel was
administered every 3 weeks using a dose of
100 mg/m?. Trastuzumab was administered as a
4 mg/kg loading dose followed by 2 mg/kg every
week. We estimated the resulting drug cost using the
average height and weight of Swedish women [21]
and drug prices obtained from the Swedish pharma-
ceutical reference book [10]. A three week cycle of
docetaxel was estimated to cost 15406 SEK
(20541 SEK per month), and a one week cycle of
trastuzumab was estimated to cost 5 653 SEK (22
612 SEK per month). Patients receiving docetaxel
alone were assumed to have 1 outpatient visit every
3 weeks (1.33 outpatient visits per month) for the
whole duration of their 1% line therapy. Patients

Table III. Transition probabilities.

receiving 1% line trastuzumab and docetaxel were
assumed to have 1 outpatient visit every week (4
outpatient visits per month).

Patients ended their 1*' line therapy if either the
treatment duration was over (6 cycles of docetaxel or
40 cycles of trastuzumab) or if they had a progres-
sion. After patients had ended their 1 line therapy
of either trastuzumab and docetaxel or docetaxel
alone, it was assumed that their monthly outpatient
drug cost was 1 868 SEK. This estimate was based
on the expert opinion of an oncology specialist, and
represents an estimation of the average cost of
outpatient drugs given to metastatic breast cancer
patients in Sweden (trastuzumab and docetaxel
excluded).

The average outpatient cost after the end of 1%
line therapy was based on a naturalistic study that
estimated inpatient costs, outpatient costs, informal
care costs, and indirect costs for breast cancer
patients in Sweden [22]. The average annual out-
patient cost for a Swedish breast cancer patient with
metastatic disease was estimated to 53 825 SEK.
This outpatient cost was applied to all patients after
they had ended their 1* line therapy.

The average annual inpatient costs and average
annual informal care costs (care given by friends and

Base case value Reference

HER?2 positive patients, receiving trastuzumab and chemotherapy

From stable metastatic disease to progressive metastatic disease 5.8% 7

From progressive metastatic disease to dead due to breast cancer 4.7% *
HER?2 positive patients, receiving chemotherapy

From stable metastatic disease to progressive metastatic disease 10.7% 7

From progressive metastatic disease to dead due to breast cancer 9.5% *
HER?2 negative patients

Relative reduction in risk due to lack of HER2 overexpression " 0.75 4

* Calibration in the model, based on the median OS from the study by Marty et al.
*The resulting transition probabilities are calculated by multiplying the risk reduction with the transition probabilities of HER2 positive

patients, receiving chemotherapy.
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family) for patients with metastatic disease was
estimated to 34938 SEK and 8 350 SEK respec-
tively [22]. These costs were applied to all patients
from the start of start of 1*' line therapy until death.
No indirect costs were included in the model, since
our reference patient was 65 years of age at the start
of treatment.

Patients in the terminal phase of breast cancer are
usually discharged from hospitals and receive pallia-
tive care either in their home or in a palliative care
institution. This care is not included in the estimate
of inpatient and outpatient cost, since it is financed
by the municipality and takes place outside the
hospitals. We included the cost of palliative care in
our model as a one time cost for patients dying of
breast cancer. The additional cost of palliative care
was estimated to 63 244 SEK [3,22].

In the study by Marty et al. [7] 2 out of 92 patients
(2.2%) in the trastuzumab and docetaxel arm
experienced symptomatic congestive heart failure.
We assumed that patients with symptomatic con-
gestive heart failure would need to be investigated by
a cardiologist. The additional cost of hospitalisation
used to reflect this increase in adverse events for the
trastuzumab and docetaxel patients were based on
DRG group 127 (heart failure and chock), which
had a unit cost of 32049 SEK [23,24].

The unit cost for the IHC test, FISH test and
heart monitoring of patients treated with trastuzu-
mab were gathered from an official price list of a
large university hospital [25]. The costs used in the
model are given in Table IV.

Costs are converted and inflated to year 2005
SEK: $1 =7.48 SEK; €1 =9.28 SEK and £1 =13.58
SEK.

Table IV. Costs and utility weights.

Qualiry of life

QALYs are estimated by multiplying the time spent
in each health states with a weight reflecting the
quality of life in that health state. A study by Lidgren
et al. [26] estimated the Health Related Quality
of Life (HRQoL) in different breast cancer states
from Swedish breast cancer patients. In our base
case analysis, we used the average EQ-5D index
value reported by patients with metastatic breast
cancer, which was 0.685.

Results

In the base case analysis, the least costly and least
effective strategy was chemotherapy alone for all
patients (Strategy 1), which was associated with a
cost of 331 668 SEK and yielded 1,28 QALY. The
strategies of using IHC testing for all patients with
trastuzumab and chemotherapy for 3+ patients
(Strategy 2), was ruled out by extended dominance.
THC testing for all patients, with trastuzumab and
chemotherapy for 2+ and 3+ patients (Strategy 3),
was ruled out by simple dominance. The strategy of
THC testing for all patients with FISH confirmation
of 2+ and 3+ and trastuzumab and chemotherapy
for FISH positive patients (Strategy 4) was asso-
ciated with a cost 0of 416 732 SEK and yielded 1,456
QALY, resulting in an ICER of 485 039 SEK/QALY
when compared with Strategy 1, which was the
lowest ICER of the different strategies evaluated.
The most effective strategy in the base case was
FISH testing for all patients, with trastuzumab
and chemotherapy for FISH positive patients (Strat-
egy 5). This strategy yielded 1,471 QALY and was

Base case value 95% CI Reference

Utility

Metastatic breast cancer 0.685 (0.620-0.735) 26
Direct medical, informal care and palliative care costs

Outpatient visit 1583 (1 532-1636) 22

Monthly inpatient cost for metastatic breast cancer patient 2912 (1 8604 564) 22

Monthly informal care cost for metastatic breast cancer patient 696 (3241 300) 22

Monthly outpatient cost for metastatic breast cancer patient 4485 (4 0594 918) 22

after 1** line therapy

Cost of additional adverse events for patients receiving trastuzumab 705 7,23, 24

Palliative care cost 63244 3,22
Test, drug, and monitoring costs

IHC test 1859 25

FISH test 5086 25

Docetaxel, 1 month 20541 7,10

Trastuzumab, 1 month 22612 7, 10

Monthly outpatient drug cost after 1% line therapy 1868 *

Monthly heart monitoring cost for patients receiving trastuzumab 1809 25

* Expert opinion.



associated with a cost of 425174 SEK, giving it an
ICER of 561 207 SEK/QALY when compared with
Strategy 4. Results are presented in Table V.

Using the cost per life-year gained as the unit
of effect in the base case scenario, the ICER for
Strategy 4 was estimated to 332252 SEK/LY and
the ICER for Strategy 5 was estimated to 384427
SEK/LY.

Sensitiviry analysis

An alternative scenario was evaluated were it was
assumed that the monthly inpatient cost as well
as the monthly outpatient cost after 1% line therapy
differed between patients with stable metastatic
disease and patients with progressive metastatic
disease. It was also assumed that utility differed
between patients with stable metastatic disease and
patients with progressive metastatic disease. Data
on cost and utilities were based on two Swedish
studies [22,26]. Based on these studies cost and
utilities of patients who had at least 1 new distant
recurrence more than 1 month after their first distant
recurrence, was used as a proxy for patients with
progressive metastatic disease. Cost and utilities
for patients who did not have a distant recurrence,
more than one month after their first distant
recurrence, was used as a proxy for patients with
stable metastatic disease.

For patients with progressive metastatic disease,
annual inpatient costs was estimated to 94 339 SEK
(7862 SEK per month), annual outpatient costs
were estimated to 60772 SEK (5 064 SEK per
month), and the utility was estimated to 0.661.

Patients with stable metastatic disease were esti-
mated to have an annual inpatient cost of 23811

Table V. Base case cost-effectiveness analysis.

Cost-effectiveness of trastuzumab 1023

SEK (1 984 SEK per month), an annual outpatient
cost of 52 524 SEK (4 377 SEK per month), and the
utility was estimated to 0.690.

Using these cost and utilities in the analysis,
Strategy 4 was associated with a cost of 477222
SEK and yielded 1,434 QALY, resulting in an ICER
of 528155 SEK/QALY. Strategy 5 was associated
with a cost of 486213 SEK and yielded 1,449
QALY, resulting in an ICER of 605294 SEK/
QALY. Just as in the base case scenario, Strategy 2
was ruled out by extended dominance and Strategy 3
was ruled out by simple dominance.

One-way sensitivity analyses were performed in
order to test the robustness of the base case analysis,
with 30% changes applied to key parameters. The
results were relatively robust to these changes,
and none of the changes (except for changes in the
testing characteristics) altered the rank order of
the different strategies or their dominance status.
The most sensitive parameters were the utility scores,
risk of breast cancer related death, and inpatient
and outpatient costs. Strategy 2 and Strategy 3
were dominated in all of the different scenarios
evaluated in the sensitivity analysis, and is therefore
not reported in the tables and figures. The results of
the one-way sensitivity analyses are given in Table VI.

We also performed two-way sensitivity analysis of
impact of changes to sensitivity and specificity of the
THC test used to identify HER2 overexpression.
Increases in the IHC test sensitivity and specificity
had a small effect on the ICER of Strategy 4.
However, changes in IHC test characteristics had a
substantial impact on the ICER of Strategy 5.
Results are presented in Table VII.

A probabilistic sensitivity analysis was performed
in order to test the stability of the base case scenario

ICER
Strategy Cost (SEK) QALYs gained (SEK/QALY)
1. Chemotherapy alone for all patients 331668 1.280
2. THC test. 395398 1.408 Dominated ™ *
Trastuzumab and chemotherapy for IHC 3+ patients
Chemotherapy alone for all other patients
3. IHC test. 438429 1.456 Dominated ©
Trastuzumab and chemotherapy for IHC 2+ and 3 + patients
Chemotherapy alone for all other patients
4. IHC test, FISH confirmation for 2+ and 3+ 416732 1.456 485039
Trastuzumab and chemotherapy for FISH + patients
Chemotherapy alone for all other patients
5. FISH test. 425174 1.471 561207

Trastuzumab and chemotherapy for FISH + patients
Chemotherapy alone for all other patients

* Dominated by simple dominance.
T+ Dominated by extended dominance.
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Table VI. One-way sensitivity analyses, incremental cost per QALY gained.

Assumption Strategy 4 Strategy 5
Base case 485039 561207
Cost
Increase outpatient visit costs with 30% 500536 576703
Increase inpatient and outpatient costs with 30% 531842 608 009
Increase inpatient and outpatient cost for patients 511423 587590
with progressive metastatic disease with 30%
Increase heart monitoring cost for trastuzumab patients with 30% 499 890 576 058
Increase adverse events costs for trastuzumab patients with 30% 485317 561484
Increase outpatient drug cost after 1st line therapy with 30% 494661 570828
Decrease the cost of Trastuzumab with 30% 421155 497322
Decrease the cost of IHC testing by 30% 481 859 598280
Decrease the cost of FISH testing by 30% 482012 495076
Increase informal care cost by 30% 488 697 564 865
Increase palliative care cost by 30% 480872 557039
Transition probabilities
Increase the risk of progression for HER positive patients receiving 522572 615947
trastuzumab by 30%
Decrease the risk of progression for HER positive patients receiving 443036 502876
trastuzumab by 30%
Increase the risk of death due to breast cancer for HER positive 574507 671218
patients receiving trastuzumab by 30%
Decrease the risk of death due to breast cancer for HER positive 406 868 465397
patients receiving trastuzumab by 30%
Utility
Increase the utility score for patients with metastatic breast cancer with 30% 373107 431698
Decrease the utility score for patients with metastatic breast cancer with 30% 692913 801724
Decrease the utility score for patients with progressive metastatic disease with 30% 564 607 653269
Prevalence of HER2 amplification
Prevalence increased to 35% 480710 515082
Prevalence decreased to 15% 495142 668831

confirmation of 2+ and 3+, and trastuzumab in
combination with chemotherapy is recommended
for patients with HER2 overexpression/gene ampli-
fication.

For an intervention to be considered cost-effec-
tive, the cost per QALY gained has to be at or below

using the distributions of costs and utility. The result
of the probabilistic sensitivity analysis is presented
graphically in Figure 2.

Discussion

In the Swedish national guidelines for breast cancer
treatment [27], IHC testing is recommended for
all metastatic breast cancer patients, with FISH

a specific cost-effectiveness threshold. There is
currently no general consensus on the exact cost
per QALY gained that defines this cost-effectiveness

Table VII. HER2 testing two way sensitivity analyses, incremental cost per QALY gained.

Probability of IHC score
for FISH negative patients

Probability of IHC score
for FISH positive patients

0, 1+ 2+ 34 0, 1+ 24 3+ Strategy 4 Strategy 5

0.843 0.140 0.017 0.079 0.250 0.671 485 039* 561207*
0.020 0.130 0.850 484196 827244
0.000 0.050 0.950 483932 Dominated +

0.920 0.070 0.010 0.079 0.250 0.671 483365 580732
0.020 0.130 0.850 482622 904 368
0.000 0.050 0.950 482390 Dominated +

* Base case scenario.
+ By simple dominance.
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Figure 2. Acceptability curve.

threshold. Several different methods have been
proposed to estimate the value of a QALY. However,
these methods produce drastically different results,
with the estimated value of a QALY ranging from
approximately 190 000 SEK to 3200000 SEK [28].
The study by Persson et al. [29] estimated the
value of a QALY in a Swedish setting to 655000
SEK, by using statistics on fatal road accident, life-
expectancy and the value of a statistical life applied
by the Swedish Road Administration when perform-
ing cost-benefit analysis in road safety investments.

In our analysis, we estimated the cost per QALY
gained to be about 485 000 SEK for the strategy of
THC testing for all patients, with FISH confirmation
of 2+ and 3+, and trastuzumab and chemotherapy
treatment for FISH positive patients (Strategy 4).
The cost per QALY gained was estimated to be
about 561 000 SEK for the strategy of FISH testing
for all patients, with trastuzumab and chemothe-
rapy for FISH positive patients (Strategy 5). Using
655000 SEK as the cost-effectiveness threshold,
these strategies are considered cost-effective.

The study by Elkin et al. [13] estimated the cost
per QALY gained to $ 125000 (approximately
992 000 SEK) for initial HercepTest for all patients,
confirming 2+ and 3+ with FISH, followed by
trastuzumab and chemotherapy for positive patients.
The cost per QALY gained was estimated to 145 000
(approximately 1 151 000 SEK) for FISH testing for
all patients, followed by trastuzumab and che-
motherapy for positive patients. There can be several
explanations to these relatively high estimates com-
pared to our own. Since we found the risk of breast
cancer related death to have substantial impact on
the cost per QALY gained, the fact that we used
clinical data from a different randomised study
than Elkin et al. [13] could explain some of the

discrepancy. The risk of progression and breast
cancer related death used in our model were based
on the trastuzumab +docetaxel arm and the doce-
taxel alone arm (no cross over) from the Marty et al.
study [7]. Elkin et al. [13] based their risks on the
study by Slamon et al. [6], where 66% of the patients
in the chemotherapy alone arm crossed over and
received trastuzumab after disease progression.
Since it is chemotherapy alone, and not chemother-
apy alone with possible crossover to trastuzumab
that is being evaluated, using the OS for patients
that have crossed over would tend to underestimate
the real difference in OS between the two treatment
arms that are evaluated in the model, and thus
overestimate the cost per QALY gained. Though the
authors implemented adjustments for this problem,
it is difficult to judge the magnitude these adjust-
ments had on the cost per QALY gained. Another
reason for our lower estimated cost per QALY
gained could be the utility scores used in the
analysis. In the state progressive disease Elkin et al.
[13] used a utility score of 0.49 compared to our
0.685. Since we found that a decrease in the utility
score for patients with progressive metastatic disease
increased the cost per QALY gained, this difference
in utility score is likely to impose a difference in the
resulting cost per QALY gained between our study
and the study by Elkin et al. [13].

The study by Norum et al. [14] estimated
that cost per life year (LY) gained by trastuzumab
and chemotherapy ranged between € 63000 SEK
and € 162 000 SEK (approximately 595 000 SEK and
1531000 SEK). These values are substantially
higher than our estimates for the cost per LY gained,
and the authors did not consider the treatment
cost-effective. The higher values reported by Norum
et al. compared to our results are due to the
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survival figures used in their analysis. They compare
trastuzumab +chemotherapy with chemotherapy
alone (cross over to trastuzumab) instead of compar-
ing trastuzumab + chemotherapy with chemotherapy
alone (no cross over), which causes them to over-
estimate the cost per LY gained.

In the study by Hornberger et al. [11], the cost
per QALY gained for patients with 3+ overexpres-
sion treated with trastuzumab and chemotherapy
was estimated to £ 37500 (approximately 540 000
SEK). In this study, the authors adjusted for the
cross-over effect in the chemotherapy alone arm.
The estimated cost per QALY gained was consid-
ered cost-effective by the authors, and is consistent
with our estimates.

In our sensitivity analysis, we found that utility
scores used had an important influence on the cost
per QALY gained. Some argue that social tariffs or
community-based samples are the more appropriate
choice for economic evaluations to be used for policy
decision, since they more closely reflects societal
preferences [30]. The utility scores of 0.685 used in
the base case scenario, based on EQ-5D responses
from Swedish breast cancer patients, represent
such a value [26]. However, others argue that only
patients are able to accurately provide a reliable
indicator of the subjective trade-off between quality
and quantity of life of an individual [31]. The time
trade-off (TTO) is a method to elicit utility scores
directly from patients. Using the utility scores based
on the mean TTO values of 0.82 from the study
by Lidgren et al. [26] for metastatic breast cancer
patients, Strategy 4 had a cost per QALY gained of
405 000 SEK, and Strategy 5 had a cost per QALY
gained of 469 000 SEK.

As could be expected, the risk of breast cancer
related death also had an important influence on the
cost per QALY gained. Changes in this parameter
translated into changes in survival predicted by the
model. This highlights the importance of using OS
data from patients that have not crossed over to
trastuzumab after progression, in order to avoid an
underestimation in the OS difference between pa-
tients receiving trastuzumab and chemotherapy
compared with patients receiving only chemother-
apy, which would tend to overestimate the cost per
QALY gained for patients receiving trastuzumab.
However, it should be noted that if the patients that
cross over are different compared to the patients
that do not cross over, this would bias the results of
our base case scenario. If patients crossing over are
healthier (sicker) compared to the patients not
crossing over, then the base case scenario would
tend to overestimate (underestimate) the difference
in OS between the groups, which in turn would lead

to an underestimation (overestimation) of the cost
per QALY gained.

The transition probabilities used in our base
case scenario translates into an OS of 31.2 months
for patients receiving trastuzumab +docetaxel and
16.6 months for patients receiving docetaxel alone
(no cross over), which is consistent with the results
from the study by Marty et al’. If we instead use
transition probabilities that translates into an OS
of 22.1 months for patients receiving trastuzumab +
docetaxel and 18.4 months for patients receiving
docetaxel alone (with 66% cross over), which is
consistent with the study by Slamon et al. [6], the
cost per QALY gained from Strategy 4 would be
1123000 SEK and the cost per QALY gained from
Strategy 5 would be 1388000 SEK. However,
since these figures include a 66% cross over, the
estimated cost per QALY gained is substantially
overestimated.

The sensitivity and specificity of the THC test
also had an impact on the cost per QALY gained.
Increases in the sensitivity and specificity had a
small impact on the cost per QALY gained for
Strategy 4, but a substantial impact on the cost per
QALY gained for Strategy 5. This is expected since
an increase in the sensitivity and specificity of the
THC test, will decrease the additional benefit offered
by FISH testing, thus increasing the cost per QALY
gained for Strategy 5.

In the base case scenario, we assumed that in the
absence of HER2 gene amplification, the patient
received no additional benefit from trastuzumab
therapy [17-19]. In the study by Marty et al. [7],
88% of the study population were 3+ by IHC test,
12% were FISH positive, and 97% were 3+ and/or
FISH positive. Instead assuming that benefit from
trastuzumab treatment is only derived if patients
have 3+ by IHC test, we can compare the strategy of
using THC testing for all patients with trastuzumab
and docetaxel for 3+ patients (Strategy 2), with the
strategy of docetaxel alone for all patients (Strategy
1). In this analysis we estimated the cost per QALY
gained for Strategy 2 to 474000 SEK, which is
considered cost-effective when using a cost-effec-
tiveness threshold of 655000 SEK. This result is
consistent with our results from the analysis where
we assumed that only patients with HER2 gene
amplification received benefit from trastuzumab
therapy. This corroborates our findings that trastu-
zumab and docetaxel seems to be a cost-effective
treatment option for patients with HER2 overexpres-
sion/gene amplification.

It has been argued that the difference between
consumption and production during life years
gained should be included as a cost (usually referred
to as future cost) in cost-effectiveness analysis



[32,33]. Estimates for the difference between con-
sumption and production in different age groups
for the Swedish general population have been
used previously in cost-effectiveness analysis [34].
However we have no data on the difference between
consumption and production for metastatic breast
cancer patients. Using the annual difference be-
tween consumption and production for individuals
in the general population individuals aged 65-74
in the study by Ekman et al. [34], the cost per
QALY gained for Strategy 4 was estimated to
692000 SEK, and the cost per QALY gained
was estimated to 769 000 SEK for Strategy 5. But
since these estimates are based on the difference
between consumption and production for the gen-
eral population and not metastatic breast cancer
patients, these estimates should be interpreted with
caution.

It should be noted that the cost-effectiveness
analysis is a tool for efficiency consideration and
not equity considerations [35]. Also, cost-effective-
ness analysis doesn’t take into consideration the
budget impact of using a certain drug. Even if
trastuzumab treatment is cost-effective, if the high
cost per patient treated with trastuzumab prevents
some physicians in certain clinics to give patients the
best available treatment due to budget constraints,
problems with equity can arise. Patients that are
treated at clinics that can afford trastuzumab treat-
ment could potentially receive better care compared
to patients that are treated at clinics that cannot
afford trastuzumab treatment.

It is also important to note that our study have
several limitations. One limitation of our study is
that the data on time to progression and overall
survival is based on data from the clinical study by
Marty et al. and the patient cohorts included in this
clinical trial might not be overall representative for
an average Swedish metastatic breast cancer patient.
However, the impact this could have on the clinical
outcome is difficult to quantify.

Also, time to progression and overall survival in
the model was calibrated to median values given in
the study by Marty et al. More detailed clinical data
would make it possible to more accurately model the
time to progression and overall survival. This high-
lights the importance of successive economic evalua-
tions of trastuzumab and chemotherapy in the
metastatic setting as more detailed data becomes
available.

Another limitation of the analysis is the validity of
the cost and utility data, which were collected from
patients in the Stockholm County, and hence might
not be directly generalizable to other countries or
other regions in Sweden.
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Conclusion

Our analysis indicate that the Swedish guidelines
of IHC testing for all patients, with FISH confirma-
tion of 24+ and 3+, and trastuzumab and che-
motherapy treatment for FISH positive patients is a
cost-effective treatment option compared to che-
motherapy alone for all patients. However, according
to our analysis, this strategy is only preferable to the
strategy of FISH testing for all patients with trastu-
zumab and chemotherapy treatment for FISH posi-
tive patients if our willingness to pay for a QALY is in
the range of 485000 SEK to 561000 SEK. FISH
testing for all patients with trastuzumab and che-
motherapy treatment for FISH positive patients is
the treatment strategy associated with the longest
quality adjusted survival in our analysis, as well as
having an incremental cost-effectiveness ratio lower
than commonly used willingness to pay thresholds.
This indicates that FISH testing for all patients with
trastuzumab and chemotherapy treatment for FISH
positive patients is cost-effective, and the preferable
treatment strategy from a societal perspective.
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