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Abstract

Background and Objective Trastuzumab was introduced in Sweden in 2000 for treatment of HER2-positive metastatic breast
cancer (MBC) and later expanded to early breast cancer (EBC). The potential value of this innovative therapy was explored
in economic evaluations; however, the extent to which these benefits were realised remains unknown. This study aims to
estimate the lifecycle value of trastuzumab by combining randomised trial data with Swedish routine-care data.

Methods Trastuzumab impact on costs and health outcomes was estimated with Markov models for MBC and EBC. Model
inputs included progression/recurrence and breast cancer-related mortality data from international randomised clinical tri-
als, and Sweden-specific non-breast cancer-related mortality, numbers treated, and costs and utilities based on data from
National Registries and literature. Model predictions were validated by observed survival rates from the National Breast
Cancer Registry.

Results From 2000 to 2021, 3936 and 11,134 patients with HER2-positive MBC and EBC, respectively, were treated with
trastuzumab, resulting in 25,844 life years and 13,436 per quality-adjusted life years (QALY) gained. Cost per QALY
gained was lower in EBC (Swedish krona [SEK] 285,000/QALY) than MBC (SEK 554,000/QALY). The net-monetary
value delivered (excluding drug costs) was SEK 13.714 billion, and society retained 62% of this. The modelled survival in
trastuzumab-treated patients with EBC matched closely with actually observed survival in registry data.

Conclusion Trastuzumab provided substantial population-level health benefits for patients and society, with favourable cost
effectiveness in MBC and EBC. There is some uncertainty around the magnitude of these benefits, mainly due to missing
data on health outcomes and number of treated patients with MBC.

1 Introduction
Key Points

Decision-making in the assessment of innovative health ) 3 : )
Swedish society retained two-thirds of the value gener-

technologies conducted by regulators, reimbursement ;
authorities, and endorsement bodies is based on limited ateq by trastuzumab and the remainder was allocated to
the innovator.

evidence of the technology's benefits, risks, and costs. As

such, measures to offset the uncertainty have been devel- Data from the registry reveal that the foregone benefit
oped, which impact their adoption. When evidence gener- due to undertreatment, especially in women aged > 70
ated after initial approval demonstrates that the new tech- years, is substantive.

nology is less safe or efficacious, or is less cost-effective . . .
Leveraging real-world evidence along the lifecycle of

innovative therapies, to evaluate value derived from
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than originally thought, their marketing authorisation can
be revoked [1], they can be excluded from the national or
local formulary, and/or their coverage can be restricted or
withdrawn. Such was the case of olaratumab for soft-tissue
sarcoma, bevacizumab for breast cancer [2], or everolimus
for pancreatic neuroendocrine tumours [3]. However, in
other cases, post-marketing authorisation evidence settles
the uncertainty in favour of the benefits of a medical inno-
vation. This was the case of trastuzumab in the treatment
of patients with breast cancer (BC) overexpressing the
human epidermal growth factor receptor 2 (HER2) gene.

Trastuzumab was first approved in 1998 by the United
States (US) Food and Drug Administration (FDA) for the
treatment of metastatic disease, which was supported by
the results from two pivotal trials that demonstrated the
efficacy and safety of trastuzumab based on surrogate
endpoints [4]. Subsequent studies demonstrated that pro-
gression-free survival (PFS) was significantly longer when
adding trastuzumab to chemotherapy (7.6 vs 4.6 months
with chemotherapy alone) as was median overall survival
(0S) (25.4 vs 20.3 months) [5, 6]. In 2006, trastuzumab
was approved for use in the adjuvant setting for patients
diagnosed in early stages. Several large clinical trials dem-
onstrated improved OS and PFS, as well as a reduction
in relapses. For example, Slamon et al found that 5-year
OS was 87% among patients receiving docetaxel, 92%
among those receiving docetaxel plus trastuzumab, and
91% among those receiving docetaxel and carboplatin plus
trastuzumab. Additionally, the trial demonstrated a signifi-
cant gain in relapse as 5-year disease-free survival was
75%, 84%, and 81%, respectively [7]. These findings were
confirmed in other trials [8—10] and trastuzumab became
a case study for the research on value of innovation.

Garrison and Veenstra [11] developed a dynamic model
to assess the clinical and economic value of trastuzumab
over its entire lifecycle, from first approval in the USA
in 1998 until 2016 (10 years after its introduction in the
adjuvant setting). They concluded that the USA would
gain 432,547 quality-adjusted life years (QALY), which
was worth $21.6 billion to $64.9 billion, depending on
the willingness-to-pay threshold. These gains would repre-
sent a societal net economic value between $6.2 billion to
$49.5 billion. Similarly, in 2013, Lundqvist et al appraised
the overall societal value of this and other innovative tar-
geted drugs in Sweden as part of a research programme
launched by SNS. This study predicted an aggregate,
population-level health gain of 5.2 billion Swedish krona
[SEK] (in 2012 SEK) as a result of treatment with trastu-
zumab in both indications, which greatly offsets the total
drug cost of SEK2.0 billion [12].

Both studies were based on trial data, extrapolation of
long-term effects on survival, and projections of disease
incidence and drug uptake in both indications. Today, 20
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years after the introduction of trastuzumab in Sweden, suf-
ficient evidence has been accrued of the actual use, total
budget spent in the acquisition of the drug, and benefits of
trastuzumab in routine clinical practice. Thus, an update of
this research is warranted to validate the assumptions and
findings in trastuzumab initial assessment and, most impor-
tantly, to understand the extent to which coverage, reim-
bursement, and treatment decisions over these years, have
maximised the health and economic benefits that this inno-
vation had to offer.

The goal of this study was to assess the total value of tras-
tuzumab over its life cycle, by aggregating the lifetime clini-
cal and economic benefits derived from its actual use in the
treatment of patients with HER2+ BC between 2000 and 2021
in Sweden, in terms of total life-years gained (LYG), QALY's
gained, productivity gains, and health care cost savings.

2 Methods

The economic evaluation, performed from a modified societal
perspective (following updated guidelines from the Swedish
Dental and Pharmaceutical Benefits Agency [Tandvards- och
likemedelsformansverket—TLV]), synthesises the outcomes
of two three-state Markov models comparing trastuzumab-
containing regimens with standard of care (SoC) at time of
introduction (see Fig. 1 for a graphical representation).

In the following sections, we describe the model structure
and inputs. Real-world data from Sweden were used when
available, from public sources or from the literature, and
only supplemented with trial data for the efficacy parame-
ters. A summary of all model inputs is presented in Tables 1
and 2.

2.1 Metastatic Disease

The model for advanced or metastatic breast cancer (MBC)
simulates the treatment and outcomes of patients diagnosed
in stages IIIB+IV. All patients entered the model in the
pre-progression state (PPD) and transitioned to progressive
disease (PD) and/or death (final and all-absorbing state).
The model was run for 120 monthly cycles (10 years) and
evaluated separately by ten 5-year age groups (<40 years,
assumed starting age 35 years; 40 to 45 years, starting age 42
years; 45 to 50 years, starting age 47 years; ...; > 80 years,
assumed starting age 82 years). Transition probabilities were
estimated based on data on median PFS and median OS from
the literature [6], to parametrise the respective exponential
survival functions. The annual probabilities of exiting the
PPD state and of entering the death state were estimated
for each treatment arm. Then, the probability of remaining
in the PD state was calculated as one minus the probability
of being in the PPD or death states. Transition probabilities
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used in the MBC model can be found in Supplementary
Online Table 1.

2.2 Adjuvant/Neoadjuvant Treatment of Early
Disease

The model for patients with early disease diagnosed in stages
I to IITA (early breast cancer [EBC]) simulates the adjuvant
or neoadjuvant treatment and outcomes of patients who tran-
sition from remission (the initial state) to recurrence and to
death (final and all-absorbing state). The model was run for
50 yearly cycles and evaluated separately by age group in
the same way as the MBC model. Patients who experience a
recurrence remain in this state until the end of the simulation
or they transit to the death state.

In the EBC model, non-cancer-related mortality is mod-
elled as a transition from remission to death. Actual sur-
vival data for Sweden were used, by year of age. This was
calculated as the number of deaths within each age group
during the year 2020 divided by the total population in
each age group at the beginning of 2020 (data from Sta-
tistics Sweden [SCB]) [13]. The yearly rate of recurrence
(transition from remission to recurrence) was obtained
from a review and meta-analysis of seven randomised
clinical trials followed for up to 10 years after treatment
initiation [10]. Post-recurrence mortality (transition from
recurrence to death) was calibrated in the model to yield
the observed OS in the clinical trial meta-analysis. All
transition probabilities used in this model can be found in
Supplementary Online Table 2 and background mortality
in Supplementary Online Table 3.

2.3 Costs

The costs of care in different BC disease states in Sweden
were retrieved from a retrospective database study pub-
lished by Lidgren et al [14], and inflated to 2021 prices
using the health care price index [15]. Costs, including
direct medical costs, informal care, and productivity are
presented separately for patients with EBC in remission,
after recurrence, and for patients with metastatic disease.
Indirect costs, or productivity losses, were presented sepa-
rately by age group (<50, 50 to 64 years), while no pro-
ductivity costs were added for patients aged >65 years. For
patients who died before the age of 65 years, productivity
loss was assumed to be the same as that for patients with
first-year recurrence.

Total trastuzumab acquisition cost was obtained from
national sales data for the years 2000 to 2021, provided by
the Swedish eHealth agency [16], inflated to 2021 prices
using the SCB consumer price index [17]. Additionally,
the per-patient cost associated with the administration of
trastuzumab treatment was estimated based on results of
a micro-costing study conducted in Sweden by Olofsson
et al [18], assuming that the distribution of patients who
received trastuzumab intravenously (IV) versus subcuta-
neously (SC) was 66% versus 34%. Direct costs included
nurse time, medical supplies, pre-medication, and trans-
portation. Only production lost by the patient for the
administration of trastuzumab was considered to estimate
the indirect costs associated with the intervention, to avoid
double counting. Cost of informal care included time off
work and leisure time lost by the patients’ accompanying
kin. These costs per cycle were multiplied by the corre-
sponding number of expected cycles in MBC and EBC set-
tings to obtain the per-patient cost of administration (more
details on the assumptions can be found in Tables 1 and 2).

All future costs were discounted to present value at 3%
annually.

2.4 Utilities

Utility values were retrieved from a naturalistic cross-sec-
tional study conducted by Lidgren et al to assess health-
related quality of life of patients with BC in different health
states in Sweden [19]. Future QALYs were discounted at
3%.

2.5 Numbers Treated

The total number of patients with EBC treated with trastu-
zumab, per year, age group, and calendar year between 2008
and 2020, was obtained from the National Quality Registry
for Breast Cancer (NKBC). These counts were then sup-
plemented with national aggregated sales data provided by
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eHialsomyndigheten to estimate numbers of patients with
EBC treated in 2005, 2006, 2007, and 2021, as well as the
number of patients with MBC treated in 2000 through 2021
as follows:

e Metastatic breast cancer 2000 to 2004: In this period,
trastuzumab was used only in MBC, so the number of
patients was estimated by dividing the national total sales
by the estimated cost per patient treated in MBC.

e Metastatic breast cancer 2008 to 2020: The numbers
treated were estimated by subtracting the cost of treat-
ment in EBC by year and age group from the yearly sales
data and dividing by the cost per patient with MBC. The
age distribution for patients with MBC was assumed to
follow that of patients with EBC.

e Metastatic breast cancer 2005 to 2008: The numbers
treated were interpolated linearly between the known
values for 2004 and 2008.

e Early breast cancer 2005 to 2008: The numbers treated in
EBC were estimated by subtracting the cost of treatment
in MBC from the yearly sales data, and dividing by the
cost per patient with EBC.

e Early breast cancer and MBC 2021: The numbers treated
were assumed to be the same as for 2020.

e In 2019 and 2020, the significant drop in total sales (42%
and 61%, respectively) was likely due to trastuzumab pat-
ent expiration in 2018. Thus, we assumed that the price
erosion was 50% and 60%, respectively.

2.6 Sensitivity Analyses

All model inputs have been derived from actual population-
based data, except for the efficacy parameters that reflect
findings from randomised clinical trials. Thus, this is the
single source of uncertainty that remains to be incorpo-
rated in the analysis. Two types of sensitivity analyses were
conducted:

¢ Scenario analysis to understand the impact of uncer-
tainty around the effectiveness of trastuzumab on the
results: We ran a ‘Best-case Scenario’ and a “Worst-case
Scenario’ by modifying the effectiveness parameters in
the trastuzumab arms. For the EBC model, we used the
upper- and lower-bound of the 95% confidence interval
(CI) of the relative risk (RR) of recurrence estimated in
the Early Breast Cancer Trialists' Collaborative Group
meta-analysis [10] to increase/decrease trastuzumab
effectiveness (RR 0.643 [95% CI: 0.597, 0.692]). For the
base case of the MBC model, we used per-protocol esti-
mates of median survival from a clinical trial in which
57% of patients in the placebo arm crossed-over to the
active arm, so this article did not provide data on Cls.
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Thus, we used the upper and lower bound of the CI of the
hazard ratio (HR) estimated in a Cochrane meta-analysis
conducted in 2014 in this indication [20] to increase/
decrease OS in trastuzumab-treated patients (HR 0.82
[95% CI: 0.71, 0.94]).

e Validation of modelled survival against real-world
estimates: The modelled OS in the EBC model was com-
pared to the observed 5-year and 10-year OS for HER2+
patients published by the NKBC in each age group.

¢ Alternative perspectives: The core scenario is based on
a modified societal perspective that incorporates produc-
tivity losses, assuming all patients retire at 65 years of
age. To assess the impact of the perspective on the mon-
etary value of health and economic benefits as well as
the distribution of welfare surplus between the innovator
and the Swedish society, two additional sets of results are
presented:

e Healthcare perspective: Incorporates only direct
medical costs and excludes informal care and pro-
ductivity losses

e Full societal perspective: Incorporates costs in
added years of life by deducting production from
consumption, for each subgroup of treated patients
defined by the age ranges based on consumption
costs published in Ekman 2002, and inflated to 2021
SEK based on the Swedish Consumer Price Index.

3 Results

Key study results can be found in Table 3. We estimated that,
between 2000 and 2021, 15,070 patients were treated with
trastuzumab in Sweden (3936 with MBC and 11,134 with
EBC). Supplementary Online Table 4 shows trastuzumab
fast uptake in the adjuvant/neoadjuvant setting—by 2008
it had already become the standard of care. Based on these
data on actual treatment from NKBC, between 2008 and
2020, 77% of patients diagnosed with HER2+ EBC received
trastuzumab (9539 out of 12,345), with the lowest registered
in 2008 (62%) and the highest in 2012 (82%). Figure 2 pre-
sents the proportion of patients diagnosed with HER2+ EBC
treated with trastuzumab between 2008 and 2020 in Sweden,
stratified by region and age groups. Trastuzumab treatment
was administered to 9 in every 10 patients diagnosed aged
<70 years, but only one in two patients aged > 70 years. The
differences were most pronounced in the West and Uppsala/
Orebro Regions.

A total of 25,844 life years were gained thanks to the use
of trastuzumab, almost three-quarters of which came from
treating the disease at earlier stages. We estimate that, after
adjusting for the impact of the disease and its treatment on
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Table 3 Summary results: costs and benefits in the care of patients with HER2+ BC treated with trastuzumab in Sweden between 2000 and

2021, all ages. base case (worst-best case scenarios)

Results—incremental costs and health outcomes MBC EBC Total
(trastuzumab vs controls/standard of care)
Estimated number of patients treated 3936 11,134 15,070
Estimated societal costs
Total direct medical costs (Million SEK)
Trastuzumab acquisition cost 1411 3787 5198
Trastuzumab administration cost 33 130 163

Costs of breast cancer care
Total cost of informal care (million SEK)
Trastuzumab-associated
Other
Total productivity costs (million SEK)
Trastuzumab-associated
Other
Total societal costs (million SEK)
Health benefits
Projected LYGs per treated patient
Projected QALY's gained per treated patient
Total projected LYGs
Total projected QALY gained
Monetary value of health benefits (million SEK)*
Value of trastuzumab
Mean cost/QALY
Net monetary value excluding drug cost (million SEK)
Total net monetary value (million SEK)?*
Share of value retained by the innovator

1293 (929-1594)

32
76 (54-93)

6
—595 (=433 to —728)
2255 (2033-2441)

1.74 (1.24-2.15)
1.04 (0.77-1.26)

6841 (4893-8470)
4074 (3026-4944)
4074 (3026-4944)

553,517 (671,962-493,775)
3230 (2404-3914)

1819 (993-2503)

0.437 (0.587-0.361)

215 (158-269)

118
37 (27-46)

25
—1645 (—1286 to —1982)
2666 (2958-2391)

1.71 (1.22-2.17)
0.84 (0.63-1.04)

19,003 (13,592-24,109)
9362 (6982-11,605)
9362 (6982-11,605)

284,742 (423,675-206,047)
10,483 (7811-13,000)
6696 (4024-9213)

0.361 (0.485-0.291)

1508 (1087-1863)

149
112 (82-139)

31
—2240 (=1719 to =2711)
4921 (4991-4833)

171 (1.23—2.16)

0.89 (0.66-1.1)

25,844 (18,484-32,579)
13,436 (10,008-16,549)
13,436 (10,008-16,549)

366,241 (498,744-292,012)
13,714 (10,215-16,915)
8515 (5017-11,716)

0.379 (0.509-0.307)

EBC early breast cancer, HER2+ BC human epidermal growth factor receptor 2 positive breast cancer, LYG life-year gained, MBC metastatic
breast cancer, QALY quality-adjusted life year, SEK Swedish krona

#Assuming a SEK 1 million willingness to pay threshold

Fig.2 Percentage HER2+ EBC

patients treated with trastu- West
zumab per region and age group
HER2+ EBC human epidermal
growth factor receptor 2 posi- Uppsala/Orebro
tive early breast cancer
Southeast
South
Stockholm/Gotland
North

0%

10% 20% 30%

@ Aged 70 and older

60%

40% 50%

70%

80% 90% 100%

@ Under 70 years of age
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the patients’ quality of life, Swedish society gained a total
of 13,436 QALYs.

Sensitivity analyses demonstrate that, while the find-
ings are consistent across scenarios, there is a difference
in magnitude as the health benefits in terms of LYGs and
QALYs derived from the use of trastuzumab would be 28%
and 26% lower in the worst-case effectiveness scenario or
26% and 23% higher in the best-case effectiveness scenario,
respectively.

Figure 3 shows the modelled OS in the EBC model, com-
pared with the observed 5-year and 10-year OS in the NKBC
(among HER2+ patients) for all age groups. The model sur-
vival function predicts closely both landmark OS estimates
published by the registry in all age groups.

Table 3 also shows the estimated economic impact of the
actual use of trastuzumab between 2000 and 2021 in Swe-
den. The Swedish health care system paid SEKS5.2 billion
(2021 SEK equivalent to 2021 US$606 million) for the drug
and SEK163 million ($19 million) for its administration, in
addition to SEK1.5 billion ($176 million) for the overall

management of these patients. The total cost of informal
care, amounting to SEK263 million ($30 million), was split
differently between indications. Supporting patients dur-
ing treatment administration took more time for caregivers
of patients with early than metastatic disease (SEK118 vs
SEK32 million [$13.7 vs $3.7 million]). Conversely, sup-
porting patients with all other disease-related activities
took more time for the care of patients with MBC than EBC
(SEK76 vs SEK37 million [$8.8 vs $4.3 million). Produc-
tivity losses due to the administration of trastuzumab were
also higher in the adjuvant setting than in metastatic (SEK25
vs SEK6 million [$2.9 million vs $721,000]), but the soci-
etal gains from indirect costs averted more than offset those
losses. The use of trastuzumab saved SEK2.24 billion ($261
million) in indirect costs. Overall, the total cost born by the
Swedish society in the care of these patients over the past
21 years was SEK4.92 billion ($573 million), and a slightly
larger share of these costs were spent in patients presenting
with early disease (SEK2.66 billion [$311 million] com-
pared with SEK2.26 billion [$263 million]).

Fig.3 EBC model validation: modelled overall survival and NKBC 5- and 10-year OS in patients stratified by age groups. EBC early breast can-
cer, NKBC National Quality Registry for Breast Cancer, OS overall survival
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Based on our models, we estimate that the lifecycle mon-
etary value of health benefits gained from the use of trastu-
zumab in Sweden over the past 21 years was SEK13.4 billion
($1.57 billion), assuming a SEK1 million willingness-to-pay
threshold based on the inflation-adjusted valuation published
by Hultkranz and Svensson [21]. After deducting total direct
and indirect costs considered from a modified societal per-
spective, the net monetary value delivered by trastuzumab
was SEK8.52 billion ($992 million). Excluding drug costs,
SEK13,7 billion ($1.6 billion) in welfare surplus was allo-
cated 38%—62% to the producer (innovator) and consumer
(Swedish society), respectively.

Altering the cost-accounting perspective does impact
the net monetary value of trastuzumab. While adopting
a narrow health care perspective would represent a 28%
increase in the cost per QALY, Swedish society still retains
a majority of the surplus (56%). If instead, costs are esti-
mated based on TLV’s old method for the full societal per-
spective, incorporating cost per years in added life, the
net monetary value delivered by trastuzumab would drop
by 41%. While the mean cost per QALY (SEK616,328
[$71,821]) remains under the willingness-to-pay threshold,
the welfare surplus is split evenly between the innovator
and society (Table 4).

4 Discussion

The health benefits derived from the use of trastuzumab have
been considerable. According to information published by
the Swedish government through their Health and Welfare
Statistical Database, 23,070 people died of cancer in 2021
(Cause of Death Statistics, Number of deaths, C00-D48
Neoplasms, Entire Sweden, Age: 0-95+, both sexes, 2021).
If there were a health intervention that could have extended
the lives of all these people by one year, it would have still
delivered fewer LYG than trastuzumab (25,844).

Our study investigated the direct contribution of trastu-
zumab on survival over a 21-year period, as compared with
SoC, based on clinical trials conducted at the start of that
period. A closer examination of the evolution of SoC in this
indication reveals that it has remained rather stable during
this time (2000-2021). Standard of care, then and now,
includes combinations with chemotherapy such as taxanes
(docetaxel or paclitaxel), capecitabine or platinum com-
pounds (cis- or carboplatin) and/or hormonal therapies such
as tamoxifen and aromatase inhibitors (anastrozole, exemes-
tane, and letrozole), these only for patients with hormone
sensitive, HER2-positive disease. These drugs were all well
established as part of the treatment armamentarium in both

Table 4 Results of sensitivity analysis, change in cost accounting perspective

Base-case scenario
(modified societal perspec-

Healthcare-system perspec-
tive

Societal perspective

tive)

MBC EBC Total MBC EBC Total MBC EBC Total
Direct medical costs (MSEK)
Trastuzumab drug 1411 3787 5198 1411 3787 5198 1411 3787 5198
Trastuzumab administration 33 130 163 33 130 163 33 130 163
Costs of care 1293 215 1508 1293 215 1508 1293 215 1508
Total direct medical costs (MSEK) 2737 4131 6869 2737 4131 6869 2737 4131 6869
Informal care (MSEK)
Trastuzumab-associated 32 118 149 32 118 149
Other 76 37 112 76 37 112
Total cost of informal care (MSEK) 107 155 262 107 155 262
Productivity costs (MSEK)
Trastuzumab-associated 6 25 31 6 25 31
Other -595 —1645  —-2240 -595 —-1645 2240
Total productivity costs (MSEK) —589 -1620 2209 —589 -1620 —-2209
Total consumption (MSEK) 1116 2244 3360
Total COSTS (MSEK) 2255 2666 4921 2737 4131 6869 3372 4910 8281
Total net monetary value (MSEK) 1819 6696 8515 1337 5231 6568 703 4453 5155
Mean cost/QALY 553,517 284,742 366,241 671,822 441,289 511,192 827,549 524,408 616,328
Net monetary value excluding drug cost (MSEK) 3230 10,483 13,714 2748 9017 11,766 2114 8239 10,353
Share of value to innovator 44% 36% 38% 51% 42% 44% 67% 46% 50%

EBC early breast cancer, MBC metastatic breast cancer, MSEK million Swedish krona, QALY quality-adjusted life year
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early and metastatic breast cancer by the time trastuzumab
was added as the backbone medicinal therapy for HER2-
postive patients. As for new therapies, some of these patients
also benefitted from treatment with lapatinib, pertuzumab,
trastuzumab emtansine, neratinib, trastuzumab deruxtecan,
and tucatinib. These innovative treatments introduced are
normally used either in combination with or as second line
following trastuzumab. Thus, those patients treated sequen-
tially, who were diagnosed before the newer drug was avail-
able, have also gained from the real option value provided
by trastuzumab to live long enough to benefit from the next
innovation. Several studies have borrowed this concept and
corresponding methods from financial theory to estimate the
size of these gains [22-24], although we chose to provide a
conservative estimate.

Overall, our findings are aligned with those of Garrison
and Veenstra [11] and Adam Lundkvist et al. [12], but there
are differences in the inputs and magnitude of the effect
that are worth discussing. Our study included real-world
estimates of cost of care for the underlying disease, cost
of treatment acquisition and administration, indirect costs,
and informal care. Neither of the aforementioned studies
considered the overall direct medical cost (beyond those
associated with the intervention) or cost of informal care,
and Garrison and Veenstra did not consider productivity
losses, while Lundkvist et al used a different approach also
incorporating the value of consumption. Despite these differ-
ences, the estimated QALY gained per patient were similar
to those in our study (0.90 in Garrison and Veenstra, 0.78 to
1.11 in Lundkvist et al, and 0.89 in our study). Our estimates
in two sensitivity analyses (incorporating the cost of added
years of life and shifting fully to the health care perspective)
demonstrate that the value Swedish society derived from
the use of trastuzumab remains significantly higher than the
minimum threshold and larger than the share retained by
the innovator. Of note, the change in magnitude highlights
the fact that much of the value was realised outside of the
health care system.

Among HTA bodies and pricing and reimbursement
agencies, the choice of perspective for economic evaluation
is a controversial issue, and guidelines and recommendations
have been changed over time. As an example, the ‘full soci-
etal perspective’ incorporating net consumption in added life
years was previously recommended by TLV but, in recent
years, it has been abandoned. In TLV’s report issued in 2021
“How should we assess and pay? Health-economic assess-
ments and payment models for precision medicines and
ATMPs”, the following explanation was offered:

“Providing life-saving treatments to patient groups in
retirement ages would then be considered more expen-
sive than doing so for a patient group of working age.
It would also be considered more expensive to provide

A\ Adis

life-prolonging treatments to groups with disabilities
or others who are not expected to work. ... If calcu-
lation and prioritisation were to be based on such
grounds, then groups that do not work and which will
not start working after treatment risk having poorer
access to both quality-of-life improvements and life-
prolonging treatments than others. After examining the
ethical appropriateness of this approach, TLV found
that it was incompatible with the ethical platform’s
human-value principle. Consequently, TLV changed
its general guidelines for health-economic assessments
...[and] now applies a narrower societal perspective
than before its change in approach. However, TLV
does not adopt a strict health care perspective. Costs
and savings outside of health care can also be taken
into account.”

We consider that the base case (modified societal perspec-
tive) is a balanced approach because it does not incorporate
the negative impact of costs for added years of life in the
older population, but it does not account for the productivity
losses among women who continue to work beyond the age
of 65 years. Based on data extracted from Statistics Sweden,
27% of women aged between 65 and 69 years and 10% of
those aged 70 to 74, were still employed in 2022 [25]. Fur-
thermore, in the base-case proposed, we have also included
costs for informal care, which is one of the components of
the key consumption items in the estimation of cost of added
years of life.

Thus, our results are likely underestimating the magni-
tude of the benefit derived by society because they do not
tally real option value or the value of incremental innova-
tions, and because the significant price erosion following
trastuzumab patent expiration in 2018, was and will continue
to be larger than accounted for in our model inputs. It is
worth mentioning that the emergence of biosimilars as of
that moment, has further reduced the share of the surplus
claimed by the innovator. According to the data provided
by the NKBC, one in every four HER2+ patients diagnosed
with EBC was not treated with trastuzumab. Since therapeu-
tic decisions are patient-centric, the lack of information on
the reason for not using trastuzumab in adjuvant setting for
each of those patients, prevents us from making any infer-
ence. Alhough, the marked difference in age distribution
(14% of younger vs 48% of older patients did not receive
treatment) indicates that the under-treatment may be driven
by stopping rules rather than patient-specific clinical deci-
sions. If this were the case, this treatment under-usage is
likely associated with foregone patient and societal benefits
in terms of survival and QALY lost.

An important limitation of this study is that certain model
parameters (such as post-recurrence or post-progression
mortality) had to be derived from old clinical trial data
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calibrated based on a number of assumptions. Equally, the
estimation of the number of patients actually treated in the
metastatic setting was also based on assumptions. Even
though it has been more than 20 years since trastuzumab
was introduced in Sweden, and the country has some of the
world’s best registries in routine care, some uncertainty still
remains regarding the usage and impact of trastuzumab.
Information of this nature is of crucial importance to assess
the value of new health technologies in routine care; espe-
cially now when numerous cancer therapies are approved,
through early access schemes, based on data from single-arm
trials and the commitment to continue generating evidence
post-authorisation.

5 Conclusion

Trastuzumab has provided substantial population-level
health benefits for patients with HER2+ BC in all settings
and stages over the past 21 years in Sweden. The value cre-
ated was not only enjoyed by the patients who lived longer
and experienced fewer relapses, but also by the health care
system and society as a whole. In fact, the weight of account-
ing for averted productivity losses is such, that it could shift
the conclusions. Taking these gains into consideration, we
conclude that society claimed almost two-thirds of the sur-
plus. Not accounting for these gains, the surplus is almost
evenly split. The debate around cost-accounting perspec-
tive is far from being resolved; but we hope that this study
contributes to the understanding of the dynamics at play
in lifecycle evaluations of innovative health interventions.
The societal gain was realised and, even if only as a positive
externality to investments in the health care system, it should
not be overlooked.

Our study confirmed that health and economic gains have
greatly surpassed those anticipated at product launch at the
turn of the century and, while the evaluation methods suf-
ficed to predict this success story, it was impossible to com-
mensurate back then what we now know. Yet, due to variable
access to treatment across health care regions and the trend
to undertreat patients aged >70 years, the full potential of
this drug has not been realised. The reasons behind these
differences remain elusive. Possible interpretations are dis-
parities in testing strategies, variations in the interpretation
of clinical data, or differing rationale for budget-allocation
decisions. In any case, the evidence suggests that health
care provision is not consistent throughout the country, at
least for women diagnosed with HER2+ BC. The creation
of national quality registries several decades ago, aimed to
shed light on these types of divergences and foster stand-
ardisation by disseminating best practices. The NKBC col-
lects an impressive amount of data of the highest quality
although, the data routinely and systematically collected is

deficient to fully inform these type of research questions, and
to eliminate uncertainty on the value actually delivered by
innovative health interventions, even today with hindsight
of >20 years.
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