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Abstract
Background  Gene expression profiling tests can predict the risk of disease recurrence and select patients who are expected 
to benefit from therapy, while allowing other patients to forgo therapy. For breast cancers, these tests were initially designed 
to tailor chemotherapy decisions, but recent evidence suggests that they may also guide the use of endocrine therapy. This 
study evaluated the cost effectiveness of a prognostic test, MammaPrint®, to guide the use of adjuvant endocrine therapy in 
patients eligible according to Dutch treatment guidelines.
Methods  We constructed a Markov decision model to calculate the lifetime costs (in 2020 Euros) and effects (survival and 
quality-adjusted life-years) of MammaPrint® testing versus usual care (endocrine therapy for all patients) in a simulated 
cohort of patients. The population of interest includes patients for whom MammaPrint® testing is currently not indicated, 
but for whom it may be possible to safely omit endocrine therapy. We applied both a health care perspective and a societal 
perspective and discounted costs (4%) and effects (1.5%). Model inputs were obtained from published research (including 
randomized controlled trials), nationwide cancer registry data, cohort data and publicly available data sources. Scenario and 
sensitivity analyses were conducted to explore the impact of uncertainty around input parameters. Additionally, threshold 
analyses were performed to identify under which circumstances MammaPrint® testing would be cost effective.
Results  Adjuvant endocrine therapy guided by MammaPrint® resulted in fewer side effects, more (quality-adjusted) life-
years (0.10 and 0.07 incremental QALYS and LYs, respectively) and higher costs (€18,323 incremental costs) compared 
with the usual care strategy in which all patients receive endocrine therapy. While costs for hospital visits, medication 
costs and productivity costs were somewhat higher in the usual care strategy, these did not outweigh costs of testing in the 
MammaPrint® strategy. The incremental cost-effectiveness ratio was €185,644 per QALY gained from a healthcare perspec-
tive and €180,617 from a societal perspective. Sensitivity and scenario analyses showed that the conclusions remained the 
same under changed input parameters and assumptions. Our results show that MammaPrint® can become a cost-effective 
strategy when either the price of the test is reduced (> 50%), or the proportion of patients for which treatment is altered (i.e. 
those with ultra-low risk) increases to > 26%.
Conclusion  Standard MammaPrint® testing to guide the use of endocrine therapy in our simulated patient population appears 
not to be a cost-effective strategy compared with usual care. The cost effectiveness of the test can be improved by reducing 
the price or preselecting a population more likely to benefit from the test.

1  Introduction

A paradigm shift is taking place in oncology towards de-
escalation of treatment with the aim of improving and 
personalizing care [1]. Treatment de-escalation includes 
reducing ineffective care or care that provides patients with 

no net benefit (i.e. treatments for which the benefits do not 
counterbalance the harmful effects). Evidence-based de-
escalation strategies offer advantages to patients because 
they can safely forgo therapy without compromising out-
come [2]. Additionally, avoiding ineffective treatments may 
also reduce health care costs [3]. Risk stratification by gene 
expression profiling (GEP) is an approach to personalize and 
de-escalate treatment. Patients who are expected to benefit 
from therapy are distinguished from patients that can forgo 
therapy.Extended author information available on the last page of the article
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Key Points for Decision Makers 

Gene expression profiling (GEP) tests are developed 
to personalize treatment by selecting patients who are 
expected to benefit from therapy, while allowing other 
patients to forgo therapy.

We found that GEP testing is an effective but not a cost-
effective strategy to guide the use of endocrine therapy 
decisions in patients with early-stage breast cancer.

GEP testing to guide endocrine therapy in early-stage 
breast cancer is currently not cost effective and therefore 
not recommended to be used in clinical practice.

Breast cancer is the most common cancer in women 
and the most frequent cause of cancer-related death among 
women worldwide. Currently, several GEP tests are available 
for breast cancer and some of these are recommended for 
use in clinical practice, including MammaPrint®, Oncotype 
DX®, EndoPredict®, Prosigna® and Breast Cancer Index [2, 
4]. Retrospective and prospective studies have shown that 
these tests can accurately identify patients who have a low 
risk of disease recurrence and who can safely forgo adju-
vant chemotherapy [2]. Despite the fact that GEP tests are 
quite expensive, they are considered to be cost effective to 
identify patients who can forgo adjuvant chemotherapy in 
many countries. The costs of testing can be offset by gains in 
health-related quality of life (HRQoL) combined with sav-
ings in costs for chemotherapy and related adverse events 
[4, 5].

Recent studies suggest that MammaPrint® is also suitable 
for another purpose, that is, to guide endocrine therapy (ET) 
decisions in patients with early-stage breast cancer. This 
concerns patients who already have an excellent survival rate 
without chemotherapy. Nevertheless, (inter)national guide-
lines currently recommend (including for these patients) 
5 years of adjuvant endocrine therapy (ET) to reduce the 
risk of disease recurrence [6, 7]. Although ET is typically 
inexpensive, it can cause several side effects. While only a 
small proportion of patients develop severe side effects such 
as endometrial cancer and thromboembolism, less severe 
adverse events, such as hot flashes, arthralgia, vaginal dry-
ness, emotional lability and symptoms of depression, are 
seen frequently [8–10]. The latter are typically not life-
threatening, but they often impact patients’ quality of life 
and social functioning. Additionally, side effects are also 
associated with increased costs, for instance due to more 
visits to health care professionals and reduced work pro-
ductivity [11].

In the Netherlands, MammaPrint® is currently com-
mercially available but not reimbursed from the basic 
benefit package [12, 13]. Possibly, the new indication of 
MammaPrint® does qualify for reimbursement. For this pur-
pose, information about the cost effectiveness is valuable but 
to the best of our knowledge currently lacking. As such, we 
conducted a cost-effectiveness analysis of MammaPrint® to 
guide ET decisions in patients in the Netherlands.

2 � Methods

2.1 � Study Design

We constructed a decision analytic model to estimate the 
incremental costs per (quality-adjusted) life-year (QALY/
LY) of MammaPrint® testing to assign ET in patients with 
ER+/HER2−, lymph node negative and either grade 1 with 
a tumor size of 2–3 cm, or grade 2 and tumor size of 1–2 cm. 
We assumed 100% test accuracy for MammaPrint®. The 
model simulates the course of events of 1000 patients aged 
63 years (i.e. average age of patients with the above-men-
tioned characteristics in the Netherlands [14]) for two strate-
gies: (i) MammaPrint® testing to guide ET or (ii) not testing 
and give ET according to current guidelines to all patients. 
The latter includes 2.5 years’ tamoxifen followed by 2.5 
years’ aromatase inhibitors (AI) or 5 years’ AI for postmeno-
pausal patients and 5 years’ tamoxifen combined with ovar-
ian suppression for premenopausal patients [15, 16]. Our 
analysis followed the Dutch pharmacoeconomic guidelines. 
As such, we used a societal perspective and included both 
direct and indirect medical and non-medical consumption 
costs and productivity costs [17]. We also reported results 
from the health care perspective and for both perspectives 
we reported results without indirect costs. Costs are valued 
in 2020 euros and costs and health outcomes are discounted 
at a rate of 4% and 1.5%, respectively [17].

2.2 � Model Description

A decision tree was combined with a semi-Markov model to 
simulate a cohort of patients with early breast cancer (eBC) 
with the above-mentioned characteristics. The decision tree 
included the two alternative strategies: (i) test patients with 
MammaPrint® and guide their adjuvant ET accordingly and 
(ii) treat all patients with adjuvant ET (Fig. 1), and wasused 
to calculate the proportion of patients with ultra-low risk. In 
each of the branches of the tree, the population was distrib-
uted among the clinical risk of recurrence scores as defined 
by MammaPrint®: ultra-low (13%, n = 131), low or high 
(50% low + 37% high = 87%, n = 869) risk [7]. Note: we 
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assumed the same proportion of ultra-low–risk patients in 
the usual care group.

The semi-Markov model simulated the patients with an 
ultra-low risk over different health states, until death, using 
transition probabilities and a cycle length of 3 months. We 
included the MammaPrint® test costs for all patients that 
needed to be tested (N = 1000). Treatment costs and out-
comes were not included for the patients with a low and high 
risk (N = 869) because these are not altered with the test. 
The health states in the Markov model included (i) ‘alive’ 
which are patients diagnosed with eBC (and the character-
istics mentioned above), (ii) ‘endometrial cancer’, ‘other 
malignancies’, ‘thromboembolic event’, which are three 
health states representing major adverse events (AEs) related 
to ET, and (iii) ‘death’. We did not include a breast cancer 

recurrence health state in our model because we assumed 
that the probability of recurrence would be the same in ultra-
low–risk patients in the MammaPrint® and usual care strate-
gies [6, 7]. All ultra-low–risk patients, regardless of whether 
they received ET or not, initially entered the ‘alive’ state. 
From this health state they could die of any cause or develop 
a major AE and potentially die. Patients could only be in one 
health state at a time and experience one major AE in their 
lifetime. Patients who were cured from a major AE entered 
a new tunnel health state and were assumed to have the same 
survival as patients in the alive state.

Costs and health-related quality-of-life values (also 
known as utilities) were attributed to the health states of 
the model. The total costs and effects of the two strategies 
were calculated by summing up the health state costs and 

Fig. 1   Schematic overview of 
the model
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effects of all cycles (for n = 131 ultra-low–risk patients). 
Test costs of the entire cohort (n = 1000) were added for 
patients in the MammaPrint® strategy. Average costs and 
effects were calculated for the ultra-low–risk patients (thus 
dividing the total costs and effects by 131). The incremental 
cost-effectiveness ratio (ICER) was calculated as follows: 
(average costs MammaPrint® strategy − average costs 
usual care strategy)/(average effects MammaPrint® strategy 
− average effects usual care strategy). To determine whether 
the MammaPrint® strategy was cost effective compared with 
usual care, we compared the ICERs with the different will-
ingness-to-pay (WTP) thresholds valid in the Netherlands 
(i.e. 20,000, 50,000 or 80,000 per QALY gained) [18].

2.3 � Input Parameters

Model inputs used to estimate costs and effects were iden-
tified using targeted literature searches and obtained from 
published research (including randomized controlled trials 
[RCTs]), nationwide cancer registry data, cohort data and 
publicly available data sources. Studies were selected based 
ontheir relevance to our model and the level of evidence 
according to the evidence-based medicines criteria [19]. For 
costs and utility parameters we preferred Dutch studies but 
if these were not available we used studies from other devel-
oped countries. A distribution around the input parameter 
was defined. All input parameters together with their uncer-
tainty distributions are presented in Tables 1, 2, 3, 4, 5 and 6.

2.3.1 � Probabilities

Mortality from any cause was assumed to be equal to that of 
the general female population aged 63 years. We assumed no 
difference in all-cause mortality between the ultra-low–risk 
group treated with or without ET. This assumption was sup-
ported by the excellent metastatic free and overall survival 
of ultra-low–risk patients, both with and without treatment 

[6, 7]. Dutch life tables were used to calculate death prob-
abilities per cycle [20].

Probabilities of major adverse events (per cycle) were cal-
culated for four groups: premenopausal and postmenopausal 
women not treated with ET, postmenopausal women treated 
with an AI for 5 years, postmenopausal women treated with 
2.5 years of tamoxifen followed by 2.5 years of AI and pre-
menopausal women treated with tamoxifen for 5 years com-
bined with ovarian suppression. Probabilities were obtained 
from the literature [8, 21]. Supplemental file 1 provides more 
information about the RCTs and exact calculations (see elec-
tronic supplementary material [ESM]).

Probabilities of death from major adverse events were 
calculated based on different publications. For the throm-
boembolic events, we weighted the proportion of patients 
with deep vein thrombosis (DVT) and pulmonary embolism 
(PE) [9, 22]. For endometrium cancer and other cancers, we 
assumed that patients would only die from metastatic dis-
ease. The occurrence of metastatic disease was estimated for 
21% of patients who would develop endometrium cancer and 
for 27% of patients who would develop other malignancies 
(Supplement file 2, see ESM). Probabilities of death were 
applied to all patients who entered the major AE health state 
for the first time. By using this approach, we assumed that 
patients would either die from the AE within 3 months of 
diagnosis or would survive the AE and die from any other 
cause. We also assumed that patients who experienced a 
major adverse event would cease treatment and thus not 
experience a reduction in quality of life and costs due to 
further minor and major AEs beyond 3 months.

Minor adverse events related to ET were clustered in four 
overarching groups based on the publication of Kadakia 
et al. (2016) [23], which was an appropriate categorization 
according to a clinical oncologist: (i) vasomotor symptoms, 
which include hot flashes and night sweating; (ii) vulvo-
vaginal symptoms, which include symptoms such as vaginal 
dryness and bleeding; (iii) mood symptoms, which mainly 

Table 1   Model input parameters for estimation of costs and effects related to MammaPrint® and endocrine therapy: Information about the char-
acteristics of the patient population simulated in this study

AI aromatase inhibitor, n.a. not applicable, n.v. not varied, SE standard error

Parameter Value SE Alpha Beta Source

Mean age (years) 63.3 n.v. n.a. n.a. Netherlands Cancer Registry (national data) [14]
Premenopausal (%) 18 0.003 5257 23,351 Netherlands Cancer Registry (proportions based 

on national data) [14]Postmenopausal (%) 82 23,351 5257
Adjuvant endocrine treatment [24]
5 years of AI (%) 74 0.012 380 1071
2.5 years of tamoxifen followed by 

2.5 years AI (%)
26 1071 380

Employed (%) 53 0.001 300,289 270,602 Statistics Netherlands [42]
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include depressive symptoms; (iv) cognitive symptoms 
including tiredness and forgetfulness etc.; (v) musculoskel-
etal symptoms for which we assumed that mainly fractures 
would result in costs and reductions in quality of life [23]. 

Probabilities of these minor AEs for patients treated with 
and without ET were recorded for the same groups as the 
major adverse events, using the same data sources. We cal-
culated the probability of having any minor AE by taking 

Table 2   Model input parameters 
for estimation of costs and 
effects related to MammaPrint® 
and endocrine therapy: 
Transition probabilities used to 
populate the decision tree and 
Markov model

ET endocrine therapy, n.v. not varied, PSA probabilistic sensitivity analyses, SE standard error
a Annual probabilities are reported by Statistics Netherlands, we calculated probabilities for each cycle. 
These probabilities are not varied in the PSA

Value SE Alpha Beta Source

Decision tree—probabilities
 Ultra-low risk of recurrence based on MammaPrint® (%) 13 0.012 98 652 [7]
 Low or high risk of recurrence based on MammaPrint® (%) 87 652 98

Markov model—probabilities
 Probability of death
 Women with ultra-low risk of recurrence based on MammaPrint® Based on life tablesa (Sup-

plemental file 10)
[20]

Probability to adhere to ET
 Year 1 (%) 87 n.v. n.v. n.v. [24]
 Year 2 (%) 78
 Year 3 (%) 69
 Year 4 (%) 63
 Year 5 (%) 49

Table 3   Model input parameters for estimation of costs and effects related to MammaPrint® and endocrine therapy: Probabilities of major 
adverse events in premenopausal and postmenopausal patients treated with and without ET and probabilities of death from major adverse events

Values in italics indicate SE—Alpha/Beta
 AI aromatase inhibitor, ET endocrine therapy, RR relative risk, SE standard error
a Probabilistic RRs were calculated by dividing two probabilities and using the SE of both. Probabilistic RRs were applied to the probabilistic
b SE assumed to be 10% of mean values of exemestane

Probabilities of major adverse events—probabilities of thromboembolic events are applied for 5 years and of endometrium cancer and other 
cancers for 10 years

Post-menopausal women Per cycle (SE—Alpha/Beta) Sources

AI [21] Tamoxifen followed by AI [21] No ET—RR [8]

Thromboembolic events (%) 0.0484 (0.0003–2.4/4850) 0.1038 (0.0005–5/4809) 0.031 (0.001–7/2241/0.00–11/2229a) [8, 21]
Endometrium cancer (%) 0.0057 (0.0004–0.2/3075) 0.0189 (0.0004–0.6/3044) 0.0091 (0.001–8/2240/0.00–5/2235a)
Other cancers (%) 0.1933 (0.0008 –5.9/3069) 0.1732 (0.0008–5.3/3040) 0.1419b (0.002–28/2220/0.003–

38/2205a)

Pre-menopausal women Per cycle (SE—Alpha/Beta) Sources

Tamoxifen + ovarian sup-
pression—[9, 43]

No ET—[9]

Thromboembolic events (%) 0.063 (0.0005–1/2325) 0.039 (0.0007–0.5/1005) [9, 43]
Endometrium cancer (%) 0.015 (0.0004–1.7/3577) 0.010 (0.0004–1.7/3573)
Other cancers (%) 0.122 (0.0004–1.7/3577) 0.109 (0.0004–1.7/3573)

Death from: Per cycle (SE) Sources

Thromboembolic events 
(%)

7.7 (0.006–91/1111b) [9, 22]

Endometrium cancer (%) 21 (0.021–78/296b) [44]
Other cancers (%) 27 (0.027–72/197b) Assumptions
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Table 4   Model input parameters for estimation of costs and effects related to MammaPrint® and endocrine therapy: Probabilities of minor 
adverse events in premenopausal and postmenopausal patients treated with and without ET

Values in italics indicate SE—Alpha/Beta
ET endocrine therapy, IBIS1 International Breast Cancer Intervention Study, MAP3 Mammary Prevention.3, n.v. not varied using the SE but 
using the max of the probabilistic values of all categories, RR relative risk, SE standard error, SOFT Suppression of Ovarian Function Trial, 
TEAM Tamoxifen Exemestane Adjuvant Multinational
a Crude probabilities from TEAM trial (took the highest % reported if multiple similar AEs were reported)
b Applied RRs to probabilities of exemestane. Probabilistic RRs were calculated by dividing two probabilities and using the SE of both
c Obtained from MAP3, because not reported in TEAM
d Probabilistic RRs were calculated by dividing two probabilities and using the SE of both
e MAP3. Was also used because not all events were reported for pre- and post-menopausal women separately in the IBIS1
f Max of the 5 overarching groups using the SE but using the max of the probabilistic values of all categories

Probabilities of minor adverse events in different subgroups – applied for 5 years (during ET)

Post-menopausal women Per cycle—for 5 years (SE—Alpha/Beta) Sources

AI – [21]a Tamoxifen followed by AI – [21]a No ET—RR from—[8]b

Vasomotor (%) 35.1 (0.007–1703/3149) 40.4 (0.007–1945/2869) 27.9 (0.010 718/1530/0.010–900/1340d) [8]
Vulvovaginal (%) 6.6 (0.004–320/4532) 8.4 (0.004–403/4411) 6.4 (0.008 343/1905/0.008–352/1888d)
Mood (%) 13.5 (0.005–654/4198) 10.5 (0.004–504/4310) 13.4 (0.006–235/2013/0.006–236/2004d)
Cognitive (%) 10.5c (0.006–236/2004) 10.5c (0.006–236/2004) 10.5 (0.009–465/1783/0.009–532/1717d)
Fractures (%) 0.26 (0.001–13/4839) 0.17 (0.001–8/4844) 0.25 (0.005–143/2105/0.005–149/2091d)
Any minor AEf (%) 35.1 (n.v.) 40.4 (n.v.) 27.9 (n.v.)

Pre-menopausal women Per cycle—for 5 years (SE—Alpha/Beta) Sources

Tamoxifen + ovarian suppression–
[43]

No ET–RR from [8, 9, 45]e

Vasomotor (%) 93.5 (0.005–2175/151) 63.9 (0.012–988/838/0.011–1233/577) [8, 43, 45]
Vulvovaginal (%) 49.2 (0.010–1144/1182) 36.2 (0.011–565/1261/0.011–669/1141)
Mood (%) 51.4 (0.010–1195/1131) 47.0 (0.006–235/2013 /0.006–236/2004)
Cognitive (%) 59.5 (0.010–465/1783) 41.5 (0.009–465/1783/0.009–523/1717)
Fractures (%) 0.19 (0.001–2/2321) 0.17 (0.004–235/3340/0.004–240/3339)
Any minor AEf (%) 93.5 (n.v.) 63.9 (n.v.)

Table 5   Model input parameters for estimation of costs and effects related to MammaPrint® and endocrine therapy: Utility values applied in the 
model

AEs adverse events, AI aromatase inhibitor, BC breast cancer, EQ5D-5L EuroQol-5 Dimensions – 5 levels, SE standard error
a SE assumed to be 10% of mean

Per cycle SE Alpha Beta Source

Utility values
 First years after primary BC diagnosis 0.696 0.007 2719 1188 [25]
 Subsequent years (utility of the general population of women aged 

55–65 years)
0.89 0.089 10 1 [26]

 AE 1: Thromboembolic events—fatal − 0.056 0.006a 93 1581 [17] (applied for 1 cycle)
 AE 1: Thromboembolic events—chronic − 0.004 0.0002a 99 46,979 [17, 53] (see Supplemental file 4)
 AE 2: Endometrial cancer − 0.036 0.0036a 95 2581 [27] (applied for 1 cycle)
 AE 3: Other cancers − 0.036 0.0036a 95 2581 Assumed to be the same as 

endometrium cancer (applied 
for 1 cycle)

Dis-utilities of minor adverse events values
 Dis-utilities of adverse events due to minor AEs—first 3 months − 0.083 0.002 2064 22,816 TOTAM study see Supplemental 

file 5, EQ5D-5L Dutch Tarif Dis-utilities of adverse events due to minor AEs—first 6–24 months − 0.074 0.002 1288 16,130
 Dis-utilities of adverse events due to minor AEs—24–60 months − 0.067 0.002 1782 24,830
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Table 6   Model input parameters for estimation of costs and effects related to MammaPrint® and endocrine therapy: Costs input parameters 
(costs in Euros)

AEs adverse events, AIs aromatase inhibitors (anastrozole, letrozole, exemestane), ET endocrine therapy, n.a. not applicable, n.v. not varied, 
PAID Practical Application to Include Disease Costs

Direct health care costs

Once SE Alpha Beta Source

MammaPrint® costs €2674 fixed n.a. n.a. [32]
Endocrine therapy Per cycle SE
Average of AIs €31.03 3.10a 100 0.31 [33]
Tamoxifen (generic) €19.11 1.91a 100 0.19
Ovarian suppression—first cycle 3 injections per cycle €908.91 90.9a 100 9.09
Ovarian suppression—subsequent cycles 1 injection per cycle €302.97 30.3a 100 3.03

Minor adverse event costs

Per cycle SE Alpha Beta Source

Vasomotor €22.17 0.22a 100 0.22 [39] + assumptions
Vulvovaginal €22.17 0.22a 100 0.22
Mood €22.17 0.22a 100 0.22
Cognitive €22.17 0.22a 100 0.22

Once SE Alpha Beta Source
Fractures €5486 €1321b 16 343 [46] (once)

Major adverse event health care costs

Once SE Alpha Beta Source

Thromboembolic events €4459 €1130b 16 279 [47]
Endometrium cancer €15,292 €562 739 21 [48]
Other malignancies €29,897 €7474b 16 1869 [49–51]
Indirect health care costs

Per cycle SE Alpha Beta Source
Indirect medical costs Based on PAID 3.0 n.v. n.a. n.a. [34]
End-of-life costs n.v. n.a. n.a.

Patient and family costs

Per cycle SE Alpha Beta Source

Travel costs
 Patients with minor AEs €4.64 €0.46a 100 0.05 [17]

Informal care costs
 Patients who died from major AEs €2680 €670b 16 168 [52]

Costs made in other sectors

Per cycle SE Alpha Beta Source

Costs due to productivity losses for patients treated with ET with related AEs —first 3 
months

€3094 €656 22 139 TOTAM study (see 
Supplemental file 7) 
[28, 29]Costs due to productivity losses for patients treated with ET-related AEs —next 3 

months
€907 €348 7 133

Costs due to productivity losses for patients treated with ET-related AEs —subsequent 
months

€846 €342 6 138

Costs due to productivity losses for patients without ET-related AEs —first 3 months €320 €320 1 320
Costs due to productivity losses for patients without ET-related AEs — 3–6 months €346 €163 5 77
Costs due to productivity losses for patients without ET-related AEs—subsequent 

months
0 €0.5 1 250

Cost due to productivity losses for patients who died from major adverse events €3501 €875 16 219 (costs of 1 friction 
costs period = 102 
days) [17]

Non-medical consumption costs in life years gained
 Non-medical consumption costs for each age ≥63 y Based on PAID 3.0 n.v. n.a. n.a. [34]
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the highest proportion of the AE groups. We assumed that 
minor AEs would occur directly from the start of treatment 
and would remain for the full 5 years of treatment (except 
for fractures) (Supplemental file 3, see ESM).

It is well known that many breast cancer patients discon-
tinue ET early and therefore assuming full adherence would 
overestimate costs. Since the proportions of adherence were 
not reported in detail in the RCTs, the discontinuation rates 
were obtained from a Dutch publication [24]. This percent-
age was used to reduce ET medication costs.

2.3.2 � Health Effects—Quality of Life

For each health state, survival was weighted by utility val-
ues to estimate QALYs. Utility values for the first year in 
the ‘alive’ health state were based on the study of Lidgren 
et al. (2007), who report utility values based on the EuroQol 
5-dimensions 3-levels (EQ5D-3L) of breast cancer patients 
during the first year after diagnosis [25]. For the remain-
ing years, utility values were based on the female popula-
tion from the Netherlands aged 55–65 years obtained with 
EQ5D-3L and valued with the Dutch tariff [26]. The utility 
value of patients in the death state was assumed to be zero.

Dis-utilities for thromboembolic events (chronic and 
fatal) and endometrium cancer were obtained from the lit-
erature (Supplemental file 4, see ESM) [27]. We assumed 
dis-utilities for other cancers similar to disutility for endo-
metrium cancer. The dis-utilities for acute thromboembolic 
events, endometrium cancer and other cancers were applied 
for one cycle whereas the chronic thromboembolic dis-util-
ities were applied for a lifelong duration.

Dis-utilities were also applied for patients who experi-
enced any minor AE. These dis-utilities were calculated 
based on patient-level data from the Therapeutic Drug Moni-
toring Of TAMoxifen (TOTAM) study (Dutch Trial Regis-
try; NL6918) (Supplemental file 5, see ESM) [28, 29]. This 
study evaluated therapeutic drug monitoring-guided dosing 
of adjuvant tamoxifen and collected data on adverse events, 
quality of life (EQ5D-5L) and productivity losses (Institute 
for Medical Technology Assessment [iMTA] Productivity 
Cost Questionnaire [PCQ]) 3, 6 and 24 months post-initi-
ation of tamoxifen [30]. The EQ5D-5L data were valued 
using the Dutch tariff [31].

2.3.3 � Costs

The costs of MammaPrint® (€2765) were based on the com-
mercial tariff reported in previous publications [32]. Costs 

of ET and ovarian suppression (gonadotropin-releasing hor-
mone agonists) were based on national tariffs [33]. Costs 
of ET-related minor AEs included those of visits to health 
care professionals (including procedures for fractures) (Sup-
plemental file 6, see ESM), travel costs and costs of pro-
ductivity losses. Travel costs were calculated by multiply-
ing the average distance to the health care facility with the 
average travel costs per kilometer (Dutch costing manual) 
[17]. Productivity losses related to experiencing minor AEs 
were calculated based on patient-level data of patients in the 
TOTAM study (see Supplemental file 7 in the ESM for more 
information) [28, 29]. Costs of productivity losses were 
applied for 15 cycles because the average age of women 
in our model was 63.3 years and the retirement age in the 
Netherlands is 67 years in 2024 [31].

Health care costs of ET-related major AEs were based 
on published literature (Supplement file 8, see ESM). 
These costs were applied to all patients entering the major 
AE health state. Productivity costs (of one friction period) 
of major AEs and costs of informal care (of 59 hours per 
month) were applied only to patients dying from the events 
[17].

End-of-life costs, unrelated health care costs and non-
medical consumption costs in life-years gained were 
obtained from the Practical Application to Include Disease 
Costs (PAID 3.0) [34].

2.4 � Accounting for Uncertainty

We conducted univariate sensitivity analyses to describe the 
impact of uncertainty in the input parameters in our model. 
Input parameters were varied with ±30% and we reported 
the most influential parameters (i.e. deviations from the base 
case ICER of >€10,000). In addition to the univariate sensi-
tivity analyses, we also performed a probabilistic sensitivity 
analysis using Monte Carlo simulations (1000 iterations). 
Beta distributions were assigned to probabilities and util-
ity parameters, and gamma distributions to cost parameters.

2.5 � Scenario and Threshold Analyses

In scenarios, we explored the impact of different assump-
tions for the incidence of ‘other cancers’, the share of ultra-
low–risk patients identified, the amount of productivity 
costs, the utility values of minor adverse events and the share 
of patients who would receive MammaPrint®. In addition, 
threshold analyses were performed to evaluate at what price 

a SE assumed to be 10% of mean
b SE assumed to be 25% of mean

Table 6   (continued)
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and incidence rate (i.e. proportion of ultra-low–risk patients 
identified with MammaPrint®) testing would be cost effec-
tive (Supplemental file 9, see ESM).

2.6 � Model Validation

Our cost-effectiveness model was validated using the Assess-
ment of the Validation Status of Health Economic decision 
models tool (AdViSHE) [35]. The conceptual model of our 
study followed the same structure as that of many previously 
conducted health economic models to evaluate interventions 
for early-stage breast cancer. The model was constructed 
according to the “Principles of good practice for decision 
analytic modeling in health-care evaluation: Report of the 
ISPOR task force on good research practices—Modeling 
studies” with close collaboration between health economic 
and clinical experts. Extreme value testing was performed 
for several parameters and validity checks were built into the 
model (i.e. constant number of patients in each cycle of the 
model). The model results were extensively discussed in the 
team. Finally, several scenario analyses were performed to 
assess the robustness of the results and back-of-the-envelope 
calculations were performed to assess whether the results 
were as expected (see Supplemental file 11 in the ESM).

The analyses were performed in Microsoft Excel and the 
list of important assumptions can be found in Supplemental 
file 12 (see ESM).

3 � Results

The results of the base-case analysis are presented in 
Tables 2, 3 and 4.

3.1 � Effectiveness

The MammaPrint® strategy yielded more QALYs and LYs 
and fewer AEs than the usual care strategy (Table 7). The 
model estimated an average of 16.73 QALYs and 19.20 LYs 
per patient in the MammaPrint® strategy and 16.63 QALYs 

and 19.14 LYs in the usual care strategy (discounted results). 
Moreover, in the usual care strategy, more patients experi-
enced a major AE. Specifically, in the MammaPrint strategy, 
0.82 patients were estimated to experience a thromboem-
bolic event (within 5 years from the start of treatment), 0.45 
patients would develop endometrial cancer (within 10 years) 
and 6.64 patients another cancer (within 10 years). In the 
usual care strategy, thromboembolic events, endometrial 
cancer and other cancers were estimated to occur in 1.59, 
0.49 and 8.49 patients, respectively.

3.2 � Costs

The average costs (over the 131 patients with ultra-low 
risk) from the health care perspective were €22,366 per 
patient for MammaPrint® and €4029 for the usual care strat-
egy, respectively. The most important cost driver was the 
MammaPrint® costs, which were €20,472 per patient in the 
MammaPrint strategy and zero in the usual care strategy. 
The average costs from the health care perspective includ-
ing costs in life-years gained were €185,770 and €166,874 
for MammaPrint® and usual care, respectively. In addition 
to the costs of MammaPrint®, important cost drivers were 
the indirect medical costs (total MammaPrint®: €138,590, 
usual care: €138,038), followed by the end-of-life costs (total 
MammaPrint®: €24,814, usual care: €24,807).

From the societal perspective (excluding costs in life-
years gained), the average costs were €165,062 versus 
€147,298 per patient in the MammaPrint® and usual care 
strategies, respectively. When including the costs in life-
years gained, the costs were €328,466 (MammaPrint®) and 
€310,143 (usual care). Major cost drivers were the costs of 
MammaPrint®, drug acquisition costs and the costs of pro-
ductivity losses (MammaPrint®: €2645, usual care: €3641). 
When we included the costs in life-years gained, these also 
contributed significantly (Table 8).

3.3 � Incremental Cost‑Effectiveness Ratio

Depending on the perspective and inclusion of costs in 
LY gained; ICERs ranged from €175,107 to €185,644 per 

Table 7   Model results: average discounted life-years, quality-adjusted life-years per patient and total number of patients with major adverse 
events

LY life-years, QALYs quality-adjusted life-years, y years

Intervention QALYs first 5 y QALYs
all years

LY first 5 y LY all years Patients with throm-
boembolic events

Patients with endo-
metrial cancer

Patients with 
other cancers

First 5 y First 10 y First 10 y

MammaPrint® 4.05 16.73 4.96 19.20 0.82 0.45 6.64
Usual care 4.00 16.63 4.95 19.14 1.59 0.49 8.49
Increments 0.05 0.10 0.01 0.07 − 0.77 − 0.04 − 1.86
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QALY gained (Table 9). Incremental differences in QALYs 
were mainly driven by differences in survival time due to 
the occurrence of major AEs and differences in costs by the 
price of MammaPrint®.

3.4 � Univariate Sensitivity Analysis

The 13 most influential parameters in our model are shown 
in Fig. 2. Changing the probability of getting another can-
cer (post-menopausal women) by +30% resulted in the 

highest ICER of €316,905 per QALY gained. Other influ-
ential parameters were the probability of patients with 
ultra-low risk as compared with the population tested with 
MammaPrint®, the probabilities of having any adverse 
events (in different subgroups) and the probability of other 
cancers for other subgroups.

3.5 � Probabilistic Sensitivity Analysis

The results of the probabilistic sensitivity analyses are 
shown in the cost-effectiveness plane (Fig. 3) for the societal 
perspective (discounted). None of the iteration fell below the 
WTP threshold of €80,000 per QALY, which is the highest 
WTP threshold used in the Netherlands.

3.6 � Scenario and Threshold Analyses

The results of the scenario analyses are reported in Table 10. 
Scenario 1, in which we assumed that patients treated with 
and without ET had the same chance of having another 
cancer in the coming 10 years instead of having a higher 
chance in the ET group (base case), had a major impact 
on the results. Changing this assumption resulted in signifi-
cantly fewer QALYs and LYs gained as compared with the 
base case (1 LY and 5 QALYs vs 10 LY and 13 QALYs). 
Because the costs and incremental costs barely changed, the 
ICER significantly increased.

Table 9   Discounted incremental cost-effectiveness ratios (costs in 
Euros)

HCC health care costs, EUR Euros, LY life-years, QALY quality-
adjusted life-year

Perspective

Health care—
only direct 
HCC

Health care Societal—
excl. costs in 
LY gained

Societal

Incremental 
costs (EUR) 
per LY 
gained

276,928 285,370 268,281 276,723

Incremental 
costs (EUR) 
per QALY 
gained

180,152 185,644 175,107 180,617

Fig. 2   Tornodo diagram (soci-
etal perspective, discounted)
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The threshold analyses revealed that the price of 
MammaPrint® should be reduced by 50%, 65% or 80% for 
the MammaPrint® strategy to be cost effective depending 
on the WTP threshold. Another way for MammaPrint® to 
become cost effective would be if the proportion of patients 
for which treatment could be altered (i.e. those with ultra-
low risk) increased to at least 26%, 37% or 64% instead of the 
13% in the base case (20,000, 50,000, 80,000, respectively).

4 � Discussion

Our study showed that MammaPrint®-guided adjuvant 
ET yields more QALYs and LYs but substantially higher 
costs in Dutch early breast cancer patients who are eligi-
ble for ET only. The costs were mostly driven by the rela-
tively high number of patients needing to be tested to iden-
tify one patient who can safely forgo ET, and the price of 
MammaPrint®. Depending on the perspective, the ICERs 
ranged from €174,450 to €185,644. With the willingness-to-
pay thresholds used in the Netherlands, the MammaPrint® 
strategy will not be a cost-effective strategy for guiding adju-
vant ET for the population in our study. The proportion of 
patients for which treatment would be altered needs to be at 
least 26%, or the price of MammaPrint® needs to be reduced 
by >50% to make MammaPrint® a cost-effective strategy for 
use in our study.

To our knowledge, this study is the first to evaluate the 
cost effectiveness of MammaPrint® to guide the use of adju-
vant ET only. Based on the cost-effectiveness results, we 
would not recommend reimbursing MammaPrint® from the 
basic benefit package to guide ET treatment decisions. The 

value for money of the test can possibly be improved by pre-
selecting patients eligible for the test. In our comparison, 
many patients need to be tested with MammaPrint®, to iden-
tify one patient that can be classified as being at ultra-low 
risk of recurrence and can safely forgo ET (i.e. 13%) [6, 7]. 
This means that the total costs of testing (i.e. population size 
times the price of the test) are relatively high compared with 
the share of patients who benefit. Clearly, if fewer patients 
needed to be tested, the ICER will improve. Previous studies 
have suggested that the frequency of ultra-low–risk breast 
cancers is higher in screen-detected cancers and in patients 
with more favorable characteristics [6]. Additionally, one 
of our scenario analyses showed that the ICER improves if 
the test is only used in patients who develop minor symp-
toms. Further research identifying which patients benefit 
most from the test may be relevant to optimize the use of 
MammaPrint®.

Despite the results of our study, we believe that de-
escalating ET is relevant for patients with early breast 
cancer. Not only did the patients in the MammaPrint® 
strategy experience fewer side effects, but they also had a 
slightly better quality of life and survival rate. Moreover, 
health care costs and productivity losses were lower. Since 
adjuvant ET is frequently used, de-escalation strategies 
have the potential to reduce the treatment burden in many 
patients and also save costs to society [36]. Unfortunately, 
de-escalation studies in this area are scarce, possibly 
because the consequences of ET-related side effects on 
patients and society are understudied and underestimated 
and treatment costs are relatively low [37]. In fact, we 
did not find a single European study that evaluated the 
effect of ET and adverse events on productivity losses and 

Fig. 3   Incremental cost-effectiveness (QALYs)
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few studies that assessed the impact on quality of life and 
health care costs [38, 39]. This observation is especially 
notable given the substantial amount of literature on ET. 
Ultimately, to truly improve patient outcomes and the eco-
nomics of health care, researchers should include broader 
outcomes (e.g. quality of life and costs) in their studies.

Quantifying the impact of relatively mild adverse events, 
such as those related to ET, is complex. As in most cost-
effectiveness analyses, we expressed the benefits of omit-
ting ET in QALYs, based on utility measures derived from 
a generic quality-of-life instrument (i.e. the EQ5D) [40]. 
Generic instruments cover universal health aspects (e.g. 
self-care, mobility, pain), which makes them relevant for 
patients with all types of diseases. The disadvantage is that 
these instruments are usually not very responsive to spe-
cific health problems, such as the menopausal symptoms 
in patients treated with ET. As such, we may not have fully 
captured the beneficial effects of omitting ET. Possibly, the 
value-based health care (VBHC) framework would have 
been more sensitive to capturing effects related to reduc-
tions in minor AEs because this framework is focused on 
outcomes that are most relevant to patients [41]. Neverthe-
less, even in this framework, finding the appropriate measure 
to value the outcomes would be a challenge.

There are a couple of limitations of our study. First, 
we assumed 100% accuracy of MammaPrint® to stratify 
patients into the different risk groups and it is unlikely 
that this assumption holds. However, even with this opti-
mistic assumption, the ICER is already far above the WTP 
threshold used in the Netherlands. A lower test accuracy 
would reduce the effects and increase the costs of the 
MammaPrint® strategy, hence increase the ICER. Second, 
given the currently available evidence, we could not assess 
the ICER in different age groups. Further research in poten-
tial subgroups is recommended. For example, the share of 
patients with ultra-low versus low/high risk has a major 
impact on the ICER and could therefore lead to different 
conclusions regarding cost effectiveness. Third, transition 
probabilities of minor AEs related to ET were based on dif-
ferent RCTs which used various definitions and described 
different levels of detail. For instance, one trial reported vas-
omotor symptoms without further specifying these, whereas 
another reported hot flashes, sweating and fatigue separately, 
even by grade [8, 10]. Fourth, major AE probabilities were 
based on studies that were not powered to report differences 
in these outcomes. The reported differences may thus have 
occurred due to chance. Finally, we assumed that all patients 
in the usual care strategy were treated with ET (in line with 
guidelines) and that all pre-menopausal women were treated 
with ovarian suppression. These assumptions are likely not 
entirely true. In fact, in daily practice only about 70% of 
the patients with the characteristics of those in our study 
actually initiate ET [39]. Moreover, probably not all young 

women are willing to be treated with ovarian suppression. 
This suggests that ICERs would be even less favorable. 
Despite these limitations, we think that our study convinc-
ingly showed that the use of MammaPrint as described in 
this study is effective but not yet a cost-effective strategy.

5 � Conclusion

This study suggests that MammaPrint® testing to guide 
adjuvant ET in patients only eligible for ET is an effective 
but not a cost-effective strategy compared with usual care. 
De-escalating ET appears to offer gains in survival time and 
quality of life and results in lower direct medical costs and 
productivity losses. Likely, the cost effectiveness of the test 
can be improved if it would be possible to pre-select patients 
who can best benefit from the test.
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