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Summary

BACKGROUND: Trastuzumab has a large financial im-
pact on the average cost of breast cancer treatment. This
study reassessed the cost-effectiveness of listing the drug
on the subsidised Australian Pharmaceutical Benefits
Scheme.

METHODS: Using a continuous-time, discrete-event mi-
crosimulation model, we examined the effect of 1-year
trastuzumab on the total number of disability-adjusted life-
years (DALYs) averted among Australian women with hu-
man epidermal growth factor receptor-2 (HER2) positive
early breast cancer. Target population was women aged
30–100 years and newly diagnosed with the disease in
2003. The model adjusted for tumour size and followed
the women up until death or age 100 years. Uncertainty
was examined in univariate and probabilistic multivariate
sensitivity analyses.

RESULTS: The incremental cost-effectiveness ratio
(ICER) was A$132,537 (95% confidence interval
91,172–200,485) per DALY averted. Results were sensi-
tive to restriction of trastuzumab to high-risk (large tumour)
and/or high-benefit (young) patients. Suitable combina-
tions of tumour size and age restrictions would improve
the cost-effectiveness of trastuzumab. Specifically, re-
stricting trastuzumab to women aged 40 years or younger
with tumour sizes 40+ mm reduced the ICER to A$35,290
per DALY averted.

CONCLUSION: Trastuzumab for HER2-positive early
breast cancer had a high ICER. It is unclear why the Phar-
maceutical Benefits Scheme listing does not use restric-
tions to improve the cost-effectiveness of the drug.

Keywords: early breast cancer, trastuzumab, cost effec-
tiveness, Australia

Background

Approximately 20% of incident breast cancers overexpress
the human epidermal growth factor receptor-2 (HER2) [1].
HER2 overexpression and/or amplification of the HER2
oncogene is associated with a poor prognosis and an ag-

gressive form of breast cancer [1]. Trastuzumab, a human-
ised anti-p185 HER2 monoclonal antibody, was registered
in Australia in 2006 for the treatment of HER2-positive
early breast cancer in combination with adjuvant
chemotherapy [2]. It is subsidised for all Australian
women with early breast cancer under the Pharmaceutical
Benefits Scheme [3].

Clinical trials show that adjuvant trastuzumab and
chemotherapy (ATC) improves disease-free and overall
survival compared with standard adjuvant chemotherapy
(SAC) alone in patients with early and metastatic
HER2-positive breast cancer [4–8]. However, owing to
the short follow-up of these trials, long-term effects of
trastuzumab on overall survival in breast cancer women
are unknown. The greater risk of cardiac toxicity, particu-
larly when combined with an anthracycline-based regimen
[8], and the increased risk of metastasis to the central ner-
vous system [9] are further challenges associated with ad-
juvant trastuzumab chemotherapy that need to be taken in-
to account.

A number of studies have recently evaluated the cost-ef-
fectiveness of adding trastuzumab to SAC [10–14]. How-
ever, these studies only included patients aged 50 or older,
did not distinguish disease-specific fatality by tumour size,
and did not include data on the effect size of trastuzumab
from all clinical trials. This study provides additional ev-
idence on the cost-effectiveness of ATC, compared with
SAC, for the treatment of HER2-positive early breast can-
cer. We included all eligible patients irrespective of their
age category, distinguished case-fatality of breast cancer
by tumour size, and included data from all available clini-
cal trials in the calculation of the effect size of trastuzum-
ab.

Methods

Clinical and epidemiological data
Data on breast cancer survival by different tumour sizes
were derived from a South Australian study (table 1) [15].
We calculated age-specific background mortality rates (to
take into account deaths due to causes other than breast
cancer) and disease-specific mortality rates from informa-
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tion available in the Australian Burden of Disease study
[16]. Relative risk (RR) of recurrence, given HER2-posi-
tive disease, was assumed to be 1.47 (95% confidence in-
terval [CI] 0.94–2.28), based on a cohort study [17].

The effect size for death (RR for death) was based on a
meta-analysis of all published trials. A systematic electron-
ic literature search of PubMed, Medline (via Ovid), Em-
base, CINAHL, and Cochrane databases was conducted
to identify all randomised controlled trials (RCTs) of ad-
juvant trastuzumab in HER2-positive early breast cancer
published between January 2004 and July 2018. The
search included the following Medical Subject Headings
terms or text key words: ‘trastuzumab’, ‘adjuvant therapy’,
and ‘breast cancer’. The full texts of studies considered rel-
evant after the initial abstract screening cycles were evalu-
ated. Secondary searching of the reference lists of the stud-
ies was also performed for relevant reports. Studies were
included in the meta-analysis if they were RCTs investi-
gating the effectiveness of ATC in comparison with SAC
alone in HER2-positive early breast cancer patients. A total
of five RCTs were included in the meta-analysis. These
trials included the Herceptin Adjuvant (HERA) [8], the
North Central Cancer Treatment Group (NCCTG N9831)
[5, 7, 18], the National Surgical Adjuvant Breast and Bow-
el Project (NSABP B31) [5, 7, 18], the Breast Cancer In-
ternational Research Group (BCIRG 006) [19], and the
Finland Herceptin (FinHer) [20] studies. The analysis was
done using MetaXL (EpiGear, Brisbane, Queensland, Aus-
tralia). Heterogeneity between trials was tested using the
Q statistic at significance level of 10% according to the
method outlined by Egger et al. [21]. If the p-value of the
chi-square distribution of the Cochran’s Q is smaller than
0.1, heterogeneity between studies is statistically signifi-
cant [21]. If there was evidence of heterogeneity between
studies, a random-effect model was adopted for the meta-
analysis; otherwise, a fixed-effect model was used.

We assumed the effect of trastuzumab remained unchanged
for the first 5 years; after that it was attenuated exponen-
tially such that there was only small effect in year 10 (RR
0.97) and no effect remained after year 13 (RR 1). Heart
failure, occurring in 2.5% of women receiving trastuzum-
ab and 0% in non-trastuzumab women, was taken from a
meta-analysis [22]. Heart failure was assumed to have no
impact on mortality.

Model
A continuous-time, discrete-event microsimulation model
was constructed in Microsoft Excel, using the Ersatz add-
in (EpiGear, Brisbane, Queensland, Australia). The model
structure is described in appendix 1. Continuous-time, dis-
crete-event microsimulation models are individual-level
models that use a stochastic process to simulate sequences
of events (instead of modelling events one cycle at a time)

for a group of hypothetical individuals by drawing directly
from probability distributions of event times [23]. Unlike
Markov cohort models in which events are modelled as
transitions from one state to another, discrete-event mi-
crosimulation models are concerned with the duration dur-
ing which patients reside in one health state [23]. In these
models, the length of time spent in a certain health state
is directly drawn per patient from the corresponding cu-
mulative survival distribution; whereas in Markov cohort
models such distributions are used to estimate the transi-
tion probabilities over time [23]. Drawing directly from the
cumulative survival distribution allows patients to move
through the model, proceed to another health state and ex-
perience events at any discrete point in time. During such
moving process, the occurrence of an event triggers the
analysis. Individuals within a discrete-event microsimula-
tion model can be assigned attributes (for example, age and
tumour size). Costs and health effects can be incorporated
into the model with respect to patient attributes and/or the
events experienced within the model.

The hypothetical target population (n = 2447) was 20% of
all newly diagnosed breast cancer cases in Australia [16],
assuming that 20% of breast cancer cases were HER2-pos-
itive [1]. A lifetime horizon was adopted. Results were pre-
sented in terms of cost (Australian dollars A$, year 2017
values) per disability-adjusted life-year (DALY) averted.

We distinguished four different tumour sizes (<10 mm,
10–19 mm, 20–39 mm, and 40+ mm) by combining the
10–14 mm with 15–19 mm and the 20–29 mm with 30–39
mm categories of an Australian study [15]. To interpolate
survival data to single years and extrapolate beyond the
20 years of follow-up in the Luke et al. [15] study, we
assumed the relative survival by tumour size had a log-
normal distribution. From the survival curves we calculat-
ed annual excess mortality risk by tumour size and time
since diagnosis. We distinguished three different health
states: (1) breast cancer diagnosis and primary treatment;
(2) disease remission; and (3) disseminated and terminal
disease. To calculate DALYs, we used breast cancer dis-
ability weights (by tumour size and age category, table 2)
from a Dutch study [24] and age-specific rates of disabil-
ity due to all other causes from the Australian Burden of
Disease study [16]. Disease-specific and background dis-
ability weights were combined using a multiplicative for-
mula. We assumed durations of the diagnosis and prima-
ry treatment stage of 0.22, 0.35 and 0.67 years for tumour
sizes <20 mm, 20–39 mm and 40+ mm, respectively, based
on expert advice provided to the Australian Burden of Dis-
ease study [16]. The duration of the disseminated and ter-
minal stage was assumed to be 1.5 years [16]. We assumed
death from breast cancer occurred only in metastatic pa-
tients. The probability of loco-regional recurrence and the

Table 1: Survival from breast cancer by tumour size [15]

Tumour size Survival

5-year (%) 10-year (%) 15-year (%) 20-year (%)

<10 mm 96 91 83 83

10–14 mm 92 84 75 55

15–19 mm 91 82 74 57

20–29 mm 84 72 67 54

30–39 mm 77 63 57 51

40+ mm 62 51 43 40
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transition probability of metastases to remission were con-
sidered to be the same in both the ATC and SAC groups.

Costs
We used an Australian health sector perspective. We in-
cluded only direct medical costs. Because all of the pa-
tients received breast surgery, radiotherapy and standard
chemotherapy, cost differences between the ATC and SAC
groups were costs associated with trastuzumab use. These
costs included drug cost of trastuzumab, trastuzumab infu-
sion cost, and cost of cardiac screening and treatment.

Cost of trastuzumab was estimated based on the three-
weekly regimen (8 mg/kg loading dose followed by 6 mg/
kg every 3 weeks) for a total of 1 year. Trastuzumab is
available in Australia as a single-dose vial containing 60
mg or 150 mg. Unit costs of trastuzumab (A$412 for a 60
mg vial and A$1030 for a 150 mg vial) were derived from
the Australian Pharmaceutical Benefits Scheme (PBS) web
site [25]. The two vial sizes were combined in the way that

gave the desired dose with the lowest cost. The number
of vials was rounded up. Partially used vials were wasted.
Trastuzumab dose is dependent on patient weight, which
was divided into three weight categories: <57 kg, 57–75
kg, and 75+ kg using weight distribution by age reported in
Dunstan et al. [26]. For patients who did not develop heart
failure, trastuzumab withdrawal rate was assumed to be ze-
ro; otherwise the treatment was discontinued when heart
failure was diagnosed. Trastuzumab drug cost is detailed
in table 3. Cost per infusion was derived from the Aus-
tralian Medicare Benefits Schedule (MBS) web site [27].
We assumed the loading dose was infused over a period
of 90 minutes and subsequent maintenance infusions were
less than 60 minutes [28]. Trastuzumab infusion costs are
shown in table 4.

Unit costs of all cardiac monitoring tests were derived
from the MBS web site [27]; unit costs of heart failure
drugs were derived from the PBS web site [25]. The cost
estimates of heart failure screening and treatment are de-
tailed in table 4. We assumed those who developed heart

Table 2: Breast cancer disability weights by tumour size and health state [24].

Health state Tumour size

<10 mm 10–19 mm 20–39 mm 40+ mm

Diagnosis and primary treatment 0.26 0.26 0.69 0.80

Remission 0.26 0.26 0.26 0.26

Disseminated and terminal disease 0.80 0.80 0.80 0.80

Table 3: One-year trastuzumab drug cost.

Weight category

<57 kg 57–75 kg 75+ kg

Loading dose
(8 mg/kg)

Total loading dose (mg) <456 456–600 >600

Vial combinations 150 mg vial × 3 150 mg vial × 3 +
60 mg vial × 2

150 mg vial × 3 +
60 mg vial × 3

Loading cost (A$, 1 course) 3090.63 3914.79 4326.87

Continuing dose
(6 mg/kg)

Total continuing dose (mg) <342 342–450 >450

Vial combinations 60 mg vial × 6 150 mg vial × 3 150 mg vial × 2 +
60 mg vial × 3

Continuing cost (A$, 16 courses) 39,559.68 49,450.08 52,746.56

Total trastuzumab cost/patient/year (A$) 42,650.31 53,364.87 57,073.43

Table 4: Costs of trastuzumab infusion, heart failure screening and treatment and metastasis.

Unit cost (A$) Number/year Total cost A$/patient/year

Drug infusion for loading dose 92.41 1 92.41

Drug infusion for continuing dose 62.61 16 1001.76

Metastasis cost 47,674.00

Baseline heart failure screening 2-Dimentional echocardiography 130.85 1 130.85

12-Lead electrocardiogram 30.50 1 30.50

General practitioner visit 34.90 1 34.90

Follow-up heart failure screening 2-Dimentional echocardiography 130.85 3 392.55

12-Lead electrocardiogram 30.50 1 30.50

General practitioner visit 34.90 3 104.70

Total for heart failure screening 724.00

Heart failure treatment 2-Dimensional echocardiography 130.85 4 523.40

12-lead electrocardiogram 30.50 4 122.00

Initial visit (cardiologist) 82.33 1 82.33

Follow-up visit (cardiologist) 41.30 3 123.90

General practitioner visit 34.95 4 139.80

Drugs Captopril 416.59

Furosemide 31.65

Spironolactone 44.49

Carvedilol 768.69

Total for heart failure treatment 2252.85

Total for heart failure screening and treatment 2976.85
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failure did so halfway (that is, 6 months after using
trastuzumab); therefore, total costs incurred by these peo-
ple included costs of 6-month trastuzumab plus costs of
heart failure screening and treatment.

Metastasis cost was derived from an Australian study [12].
Costs of HER2 status testing were not included because
HER2 testing is a routine practice in Australia for all pa-
tients with breast cancer. Cost of future treatment for unre-
lated diseases of patients who survive as a result of the in-
tervention was excluded from the analysis. All costs were
calculated in A$ 2017 value, and adjusted for inflation
where applicable using the consumer price index for med-
ical care services. Both costs and DALYs were discounted
at 3% to account of time preference [29].

Uncertainty and sensitivity analysis
We modelled parameter uncertainty around survival rates,
effect size, RR of recurrence and weight distribution. The
uncertainty analysis was performed with Monte Carlo sim-
ulation (2,000 iterations) using Ersatz (EpiGear, Brisbane,
Queensland, Australia). We assumed the RRs of effect size
and recurrence followed a lognormal distribution; survival
followed a binomial distribution; and weight distribution
had a multinomial distribution. The parameters of these
distributions are shown in appendix 2.

Univariate sensitivity analysis was carried out to under-
stand the sensitivity of results to changes in individual
variables. The following variables were assessed: heart
failure rate, RR of recurrence, yearly cost of metastasis,
yearly cost of heart failure treatment, duration of treatment
effect of trastuzumab, discount rate and the price of
trastuzumab. Ranges of variation were based on published
data where available, and otherwise varied within ±20%
(table 5). As this study used published data in the literature,
ethics approval was not required.

Results

Meta-analysis
Result of the meta-analysis is shown in figure 1. The analy-
sis shows that RR for death was significantly prolonged in
the trastuzumab arm relative to the non-trastuzumab arm
(pooled RR 0.68, 95% CI 0.59–0.78), without significant
heterogeneity (p = 0.66).

Base case analysis
The survival curves (fig. 2) suggest that the lognormal dis-
tributions fitted the data well, with the exception of the
20-year follow-up point for 10–19 mm tumours. In the

model, 28% (688 deaths) of women died from breast can-
cer in the ATC group compared with 31% (765 deaths) in
the SAC group. With a total of 77 deaths avoided, adding
trastuzumab to SAC led to a 10% reduction in the case
fatality of breast cancer in Australian females. The 77
avoided deaths corresponded to 1265 life years (95% CI
812–1737) and 1005 DALYs (95% CI 645–1380). With a
total incremental cost of A$128 million (95% CI 126–130
million), the ICER was estimated at A$132,537 (95% CI
91,172–200,485) per DALY averted or A$105,291 (95%
CI 72,534–159,008) per life year gained (LYG). Every
death avoided in the model cost approximately A$1.5 mil-
lion.

Figure 1: A meta-analysis of trastuzumab efficacy in early breast
cancer (relative risk for death). AC-T, doxorubicin and cyclophos-
phamide followed by docetaxel alone (control); AC-TH, doxoru-
bicin and cyclophosphamide followed by 1 year trastuzumab plus
docetaxel chemotherapy; BCIRG 006, Breast Cancer International
Research Group study 006 [18];CI, confidence interval; ES, effect
size; FinHer, Finland Herceptin [19]; HERA, Herceptin Adjuvant
study [8]; NCCTG N9831, North Central Cancer Treatment Group
study N9831 [5, 7, 17]; NSABP B31, National Surgical Adjuvant
Breast and Bowel Project study B31 [5, 7, 17]; TCH, docetaxel and
carboplatin plus 1 year trastuzumab.

Figure 2: Survival by tumour size, observations (with 95% confi-
dence intervals assuming binomial distributions), and fitted lognor-
mal curves.

Table 5: Ranges of variation of variables in univariate sensitivity analysis.

Variable Base case Range Reference

Heart failure rate 2.5% 0.6–4.5% [8]

Yearly cost of metastasis A$47,674.00 ±20%

Yearly cost of heart failure treatment A$2252.85 ±20%

Duration of treatment effect of trastuzumab Diminish after 5 years Lifelong [14]

Relative risk of recurrence 1.47 95% CI
0.94–2.28

[16]

Discount rate 3% 0–5%

Price of trastuzumab A$412.08 (60 mg vial)
A$1030.21 (150 mg vial)

±20%

CI = confidence interval
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Restricting trastuzumab to hig-risk (large tumours) and/
or high-benefit patients (young women) had a major im-
pact on the ICER. The ICER reduced from A$132,537
per DALY averted in the base case scenario to A$105,000
when the intervention was limited to patients with tumour
sizes 20+ mm. Limiting trastuzumab to women aged less
than 60 years reduced the ICER to A$103,000. Restricting
trastuzumab to tumour sizes of 40+ mm reduced the ICER
to A$58,400 for all ages; with an additional restriction
to women aged less than 60 years, the ICER reduced to
A$50,000. Limiting the treatment to women aged 40 years
or younger with tumour sizes 40+ mm caused the ICER to
drop further to A$35,290 per DALY averted.

Uncertainty and sensitivity analysis
The cost-effectiveness plane is shown in figure 3. The
graph shows that the 2000 simulated ICERs ranged from
A$76,600 to A$296,790 per DALY averted. The cost-ef-
fectiveness acceptability curve (fig. 4) shows the probabil-
ity that the ICER was lower than a particular willingness-
to-pay (WTP) threshold. If a WTP threshold of A$50,000
per DALY averted was used, the probability of trastuzum-
ab being cost effective was zero.

Univariate sensitivity analysis of key parameters is illus-
trated as a tornado diagram (fig. 5). Results were most
sensitive to changes in the price of trastuzumab and dis-
count rate. A 20% reduction in the price of trastuzumab
would result in a 33% decrease in ICER (reducing from
A$132,537 at baseline to A$89,172 per DALY averted).
At a discount rate of 0%, the ICER reduced to A$91,768,
compared with A$132,547 per DALY averted at baseline.
Results were most robust to variations in cost of heart fail-
ure treatment, cost of metastatic disease and heart failure

Figure 3: The cost-effectiveness plane. DALY = disability-adjusted
life-year.

Figure 4: The cost-effectiveness acceptability curve. DALY = dis-
ability-adjusted life-year; WTP = willingness-to-pay.

rate. None of the changes explored in the sensitivity analy-
sis yielded an ICER of less than A$50,000 per DALY.

Discussion

The present study indicates that 1-year adjuvant trastuzum-
ab administered every 3 weeks for Australian women with
HER2-positive early breast cancer had a high ICER rel-
ative to standard chemotherapy alone from an Australian
health sector perspective when patients of all age and of
all tumour sizes were considered. For these patients, the
cost effectiveness of the treatment was estimated to be
A$132,537 per DALY averted. The cost effectiveness of
trastuzumab was positively associated with tumour size
and inversely associated with age. Restricting trastuzumab
to tumour sizes of 40+ mm and to women aged less than 60
years reduced the ICER to A$50,000 per DALY averted.
Results were most influenced by the price of trastuzumab
and discount rate.

Previous studies consistently show that 1-year trastuzumab
is a cost-effective regimen for women with HER2-positive
early breast cancer in a number of countries. In the United
Kingdom, a cost-effectiveness analysis conducted by the
manufacturer estimated that the treatment costs £5,687 per
quality-adjusted life-year (QALY) gained, suggesting that
it is cost effective, assuming a threshold of £30,000 per
QALY gained [30]. In Switzerland, the analysis by Dedes
et al. [10] found that the ICER of 1-year trastuzumab
ranged from €40,505 to €19,763 per LYG after 10 years
and 15 years, respectively. The authors concluded that the
treatment is cost effective in a long-term view, assuming a
threshold of €50,000 per LYG [10]. In the United States,
Garrison et al. [31] projected the cost effectiveness of
trastuzumab to be US$26,417 per QALY from a healthcare
system perspective and US$27,637 from a societal per-
spective. These ICERs are below the US$50,000 per
QALY threshold commonly used in the United States.
One-year trastuzumab was also found to be cost effective
in other countries such as Taiwan [32], China [33], Japan
[34] and Sweden [14]. Unlike these previous studies,
trastuzumab in our study had an ICER that was higher than
the WTP thresholds adopted in these studies. This is large-
ly explained by the difference in effect size of trastuzum-
ab which is less favourable in our analysis because of the
inclusion of the latest results into the meta-analysis. Effect
sizes were about 0.5 in these previous studies; with the lat-
est trial results included it becomes 0.68 in our study. Our
findings are consistent with previous studies in Iran [35],
the United Kingdom [36] and Columbia [37] which also

Figure 5: Tornado diagram of univariate sensitivity analysis. *Cost
of a 60 mg vial; #cost of a 150 mg vial. DALY = disability-adjusted
life-year; ICER = incremental cost-effectiveness ratio. Blue bars in-
dicate high value of variable, green bars indicate low value of vari-
able.
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found that one-year adjuvant trastuzumab was not cost-ef-
fective.

To date there is only one published Australian study in this
setting [12]. Unlike the present analysis, Millar and Mill-
ward [12] found that 1-year adjuvant trastuzumab had an
ICER of A$22,793 per QALY. However, there are some
noticeable differences between the present analysis and the
one by Millar and Millward [12]. Millar and Millward [12]
employed a Markov model; whereas we used a continu-
ous-time, discrete-event microsimulation model. Disabil-
ity weights of breast cancer used in the two studies are
also different. This analysis used the disability weights
estimated by Stouthard et al. [24], whereas Millar and
Millward [12] used the values reported by Earle et al.
[38] (0.02 in remission, 0.45 in metastasis disease). In
addition, treatment effects differ between the two studies
(0.68 in our study versus 0.48 in the Millar and Millward
study). When the model was run for patients in the same
age group (50–54 years) using the same utility weights
(0.02 in remission and 0.45 in metastasis) and effect size
(RR 0.48) as were used in the Millar and Millward study
[12], the ICER fell to A$52,666 (95% CI 42,867–68,733)
per DALY averted. However, this ICER was more than
twofold higher than that reported by Millar and Millward
(A$22,793 per QALY) [12]. Such disparity in results may
be in part explained by the different model types employed
in our study (discrete-event microsimulation model) and
the study by Millar and Millward (Markov cohort model).
Discrete-event models are superior to Markov cohort mod-
els in the following aspects. First, they allow for the incor-
poration of all kinds of patient characteristics and of enor-
mous variability in the course of the disease and thereby
for the natural presentation of the disease [23]. Second, by
modelling individual patient pathways and allowing added
flexibility in terms of data requirements, discrete-event
models more flexible and more naturalistic than cohort
models in modelling extended time horizons [23]. Third,
because these models do not have the memory limitations
of the Markov cohort model, they are likely to provide re-
sults with greater confidence [39].

The cost-effectiveness of trastuzumab is less favourable in
older women because its ability to prevent relapse is less
in older age groups who have lower risk of relapse due to
lower overall survival [12]. In the elderly, the clinical ad-
vantages of ATC are highly influenced by the higher back-
ground mortality rate, which swamps the small effect of
trastuzumab on the overall survival in these patients.

The optimal treatment duration of trastuzumab remains a
subject of debate. This analysis estimated the cost-effec-
tiveness of 1-year trastuzumab as per the licensed indica-
tion in Australia. However, it should be acknowledged that
a shorter schedule (the 9-week regimen) has been tested
and demonstrated to offer clinical benefit similar to that
of the 1-year regimen [20]. In addition, the 9-week sched-
ule was also found to be economically attractive in a num-
ber of studies [12, 36, 40]. Despite the above promising
results from both an economic and clinical point of view,
the 9-week regimen was not included in this analysis as a
comparator because it has not been accepted as a clinically
proven regimen in Australia.

In this analysis, heart failure was assumed to be reversible
and have no direct impact on mortality. Although such as-

sumptions are considered reasonable [41, 42], the study by
Telli et al. [43] suggests that the assumed reversibility of
trastuzumab-induced heart failure is questionable. In the
sensitivity analysis, variations in the incidence and cost of
heart failure had little impact on the ICERs. This is likely
because of the relatively short follow-up time of this health
state reported in the trials. It should be noted that long-
term cardiac profile and its impact on the costs and health
outcomes of patients treated with trastuzumab remain un-
known. More severe/frequent cardiac events and/or more
cardiac deaths can be observed when trastuzumab is in
widespread clinical use. If this is the case, the assumptions
of no additional cardiac mortality and of the reversibility of
cardiac dysfunction associated with trastuzumab may lead
to a bias in favour of the drug.

This analysis was conducted from a health sector perspec-
tive; as such, only direct medical costs were included.
Knowing that the majority of early breast cancer patients
are of working age and that trastuzumab improves overall
survival and health-related quality of life [44], indirect cost
savings and gains from potential greater labour force at-
tachment and/or productivity due to trastuzumab could be
significant. If a wider perspective were used and these ben-
efits were included, the cost-effectiveness of trastuzumab
would be more favourable than it is in this analysis.

Strengths of our study are the inclusion of all eligible pa-
tients irrespective of their age category, and the distin-
guishing of case-fatality of breast cancer by tumour size.
Our estimation of trastuzumab cost, which was based on
vials needed (which takes the wastage of the drug into ac-
count) rather than per kilogram provides more precise in-
formation on the cost-effectiveness of trastuzumab. The ef-
fect size in this analysis was derived from a meta-analysis
of trials on adjuvant trastuzumab, rather than from one sin-
gle trial. The meta-analysis combined the results of these
studies into one estimate of effect using statistical strategy.
It helped to increase the number of observations and the
statistical power; and thus to improve the precision of the
effect size estimates [21].

A limitation is that the lognormal curve of survival of tu-
mour sizes 10–19 mm did not fit the data well, causing the
modelled survival in this group to drop below the survival
of the larger tumour sizes after almost 30 and 45 years of
follow-up, respectively. However, the large majority of pa-
tients would not be followed-up for so many years, so the
effect of this problem is not big.

To date, there remains a lack of international consensus
about which variant of health-adjusted life-years should be
used as a measure of health outcome in health economic
evaluation. As such, some studies employ DALYs while
others use QALYs. The DALY consists of two health mea-
sures: (1) years of life lost (YLL) due to premature death;
and (2) years lived with disability (YLD) [45]. To calculate
YLD, discounted present value of years lived in a condi-
tion is multiplied by the disability weight for that condi-
tion assigned on a scale from one (representing full health)
to zero (representing death) [45]. Although DALY is com-
monly used in cost-effectiveness analysis, it faces several
criticisms. DALY does not capture other aspects of a dis-
ease, such as psychological effects [46, 47]. The age
weighting method used in DALY is another subject of de-
bate [46]. By assigning the highest weights to 20–40 years
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old and lowest values to those younger than 5 or older than
90 years old, it is argued that DALY is merely an econom-
ic measure of productivity of the affected individuals [48].
QALY is another commonly used measure of health out-
come that incorporates both length and quality of life. The
QALY approach measures health outcome by assigning to
each period of time a weight corresponding to the health-
related quality-of-life during that period [49]. To calculate
the number of QALYs relating to a health outcome, a qual-
ity weight assigned to a particular health state is multiplied
by the length of time spent with that state. While QALY
overcomes the aforementioned limitations associated with
DALY, it is not without problems. The concept of “perfect
health” is ambiguous and difficult to objectively quantify
[49]. The effects of chronic diseases, where quality of life
is compromised but survival is not, are also difficult to ad-
dress using QALY [48].

Previous studies usually adopted a certain WTP threshold
value to determine whether an intervention is cost effec-
tive. However, such thresholds are arbitrary, and the con-
cept of WTP threshold is controversial [50]. When thresh-
olds are treated as a decision rule for the cost effectiveness
of an intervention, this approach assumes that decision
makers have a maximum value they are willing to pay for
a unit of health outcome or that there is a well-established
shadow price of health improvements resulting from im-
plementing a particular intervention [51]. However, giv-
en that healthcare markets are marked by significant de-
grees of market failure, which deters shadow prices from
being truly prevailed, these assumptions are questionable
[52]. Furthermore, it has been suggested that decision mak-
ers do not appear to maintain a fixed WTP for a unit of
health outcome across different types and contexts of deci-
sions [53, 54]. Therefore, we did not adopt a WTP thresh-
old in our study. Rather, we present numerical results of the
ICERs; as such, determination of the cost-effectiveness of
trastuzumab can be made against any WTP value.

The Australian government agreed to list trastuzumab on
the subsidised PBS for all women with early breast cancer,
knowing that it would have a huge impact on breast cancer
costs. In the 2004–2005 financial year, the total health ex-
penditure on breast cancer in Australia was A$331 million,
of which 15% was spent on prescription pharmaceuticals
[55]. Given that the acquisition cost of trastuzumab is high
compared with other chemotherapy agents, it is likely that
a large part of the lifetime cost of breast cancer treatment
is attributable to trastuzumab cost, which is estimated to be
A$53,628 per patient per year in our analysis.

Trastuzumab is funded by the Australian government de-
spite its poor cost-effectiveness. It has suggested that an
important factor in listing drugs with poor cost-effective-
ness might be the nature of the disease [56]. If this is
the case, it would be of interest to know what makes
breast cancer special. Whatever it is, the current listing of
trastuzumab for early breast cancer on the PBS does not
comply with the generally enforced criteria for cost-effec-
tiveness in Australia.
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Appendix 1

Model structure

Individuals who entered the model were Australian women
with HER2-positive early breast cancer. The model was
based on five main stages within the development process
of early breast cancer:

Stage 1: Diagnosis and primary treatment with or without
trastuzumab;

Stage 2: Disease-free;

Stage 3: Relapse;

Stage 4: Disseminated;

Stage 5: Dead (due to breast cancer or non-breast cancer
causes).

Stage 1 was split into three mutually exclusive subdivi-
sions including (i) HER2-positive early breast cancer with
tumours smaller than 10 mm, (ii) HER2-positive early
breast cancer with tumours of 10–20 mm, and (iii)
HER2-positive early breast cancer with tumours of 20–40
mm. Stage 2 was split into two mutually exclusive subdi-
visions including (i) disease-free in the first 5 years, and
(ii) disease-free after 5 years. Death from breast cancer was
assumed to occur in stage 5 only; while death from other
causes could occur in any stage.

The model first simulated age at incidence of HER2-posi-
tive early breast cancer by drawing a uniformly distributed
random number between minimum and maximum
HER2-positive incidence cases by age and tumour size. In-
cidence cases of HER2-positive early breast cancer were
calculated by multiplying the incidence cases of breast
cancer reported in the Burden of Disease and Injury in
Australia 2003 [15] by the rate of HER2-positive early
breast cancer (20%) [1].

The model then simulated whether a patient would die
from breast cancer or from other causes using the cumula-
tive survival distributions of breast cancer and other caus-
es. Death due to breast cancer was determined based on
age at death from other causes and breast cancer survival.
If age at other causes death was lower than age at death
from breast cancer, death was due to non-breast cancer
causes and vice versa. Age at death from other causes was
calculated by taking background mortality (mortality from
non-breast cancer causes) probabilities by discrete time
and returning a continuous survival time, conditional on
having survived until the age at incidence.

Each incidence case (patient) entered the model and started
with stage 1. The allocation of patient to one of the three
mutually exclusive subdivisions of stage 1 was done with
a random draw from a discrete distribution of incidence
cases by tumour size. Patients then proceeded on to other
stages of disease until they were cured and left the model
thereafter or until they died (stage 5). The length of time
spent in a certain health state was directly drawn per pa-
tient from the corresponding cumulative survival distrib-
ution, allowing people to move to another stage. Breast
cancer survivals (number of years lived after having the
disease until death) were calculated using excess mortality
rate conditional on trastuzumab treatment, tumour size and
having survived so far. The difference in survival between

using and not using trastuzumab was determined by the ef-
fect size of the drug. Trastuzumab improves survival by
decreasing excess mortality rate. If the patient received
trastuzumab, the probability of that patient having
trastuzumab-induced heart failure was determined by the
probability of developing such cardiac toxicity derived
from a meta-analysis (2.5%) [21]. Costs and health effects
were assigned to each health state.
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Appendix 2 Uncertainty distribution around parameters

Appendix 2 is available as a separate file for downloading
at https://smw.ch/en/article/doi/smw.2019.20082/
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