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Abstract
Purpose Although adjuvant systemic therapy (AST) helps increase breast cancer-specific survival (BCSS), there is a grow-
ing concern for overtreatment. By estimating the expected BCSS of AST using PREDICT, this study aims to quantify the 
number of patients treated with AST without benefit to provide estimates of overtreatment.
Methods Data of all non-metastatic unilateral breast cancer patients diagnosed in 2015 were retrieved from cancer reg-
istries from The Netherlands and the USA. The PREDICT tool was used to estimate AST survival benefit. Overtreatment 
was defined as the proportion of patients that would have survived regardless of or died despite AST within 10 years. Three 
scenarios were evaluated: actual treatment, and recommendations by the Dutch or USA guidelines.
Results 59.5% of Dutch patients were treated with AST. 6.4% (interquartile interval [IQI] = 2.5, 8.2%) was expected to 
survive at least 10 years due to AST, leaving 93.6% (IQI = 91.8, 97.5%) without AST benefit (overtreatment). The lowest 
expected amount of overtreatment was in the targeted and chemotherapy subgroup, with 86.5% (IQI = 83.4, 89.6%) overtreat-
ment, and highest in the only endocrine treatment subgroup, with 96.7% (IQI = 96.0, 98.1%) overtreatment. Similar results 
were obtained using data from the USA, and guideline recommendations.
Conclusion Based on PREDICT, AST prevents 10-year breast cancer death in 6.4% of the patients treated with AST. Conse-
quently, AST yields no survival benefit to many treated patients. Especially improved personalization of endocrine therapy 
is relevant, as this therapy is widely used and is associated with the highest amount of overtreatment.
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Introduction

Adjuvant systemic treatment (AST) has contributed to a 
reduction of breast cancer mortality over the past decades 
[1, 2]. Whether a patient is recommended AST, and if so 
what type (endocrine, targeted, chemotherapy, or a com-
bination) differs between countries but largely depends 
on several clinicopathological variables, including patient 
age, receptor status, tumor extent, tumor grade, and axil-
lary tumor load. For example, the Dutch guidelines recom-
mends AST when the absolute 10-year breast cancer-specific 
survival (BCSS) is expected to increase by at least 3% [3]. 
Such BCSS-gain depends on clinicopathological variables 
and can be estimated for individual patients with tools such 
as PREDICT [4–6], which is endorsed by the Dutch breast 
cancer guidelines as well as the American Joint Committee 
on Cancer (AJCC) [6, 7].

Over time, AST recommendations have expanded to 
include more favorable prognostic subgroups [8]. For exam-
ple, only 23% of all breast cancer patients received endo-
crine therapy and 11% chemotherapy in 1990 in the Nether-
lands [8], which increased to 56% and 44%, respectively, by 
2012 [8]. Parallel to this trend, there is a growing concern 
about overtreatment.

Patients treated with AST but without benefit, because 
they would have survived breast cancer also without AST, 
or because they died from breast cancer despite AST, can be 
considered overtreated [9, 10]. Such patients are unneces-
sarily exposed to the adverse effects of AST on health and 
quality of life [11]. Additionally, overtreatment also leads to 
unnecessary health care and societal costs.

Estimates of overtreatment can directly be derived from 
randomized controlled trials, but such studies often do not 
reflect everyday clinical practice with regard to patient mix 
and treatment standardization [12–14]. To address and sub-
stantiate the growing concern about AST overtreatment, 
there is, therefore, a need for population-based estimates of 
overtreatment associated with contemporary real-world AST 
prescribing practice. Such estimates are currently lacking.

In this study we aimed to estimate the amount of AST 
overtreatment, overall and separately for endocrine, targeted, 
and chemotherapy, on a population level in real-world clini-
cal care. For this we used population-based data from the 
Netherlands and the United States of America (USA) of 
breast cancer patients diagnosed in 2015. To obtain esti-
mates of overtreatment, we projected individual BCSS-gain 
over a 10-year horizon using PREDICT, which we aggre-
gated for all patients actually treated, or recommended to 
be treated with AST based on the Dutch or USA guidelines. 
Development and use of tools aimed at curbing overtreat-
ment will be most relevant in breast cancer patients in whom 
the magnitude of overtreatment is particularly high.

Methods

Design

This study used real-world observational data from popula-
tion-based cohorts of patients diagnosed with breast cancer 
in 2015 from two cancer registries: the Netherlands Cancer 
Registry (NCR) and the Surveillance, Epidemiology, and 
End Results (SEER) Program from the USA. In real-world 
observational data, estimates of overtreatment cannot be 
directly observed as it is impossible to distinguish whether 
a treated breast cancer patient survived because of AST or 
would also have survived without AST. Overtreatment esti-
mates in the context of breast cancer survival using obser-
vational data can, however, be obtained by summarizing 
predictions of BCSS-gain by AST per patient. In this study 
we used PREDICT (version 2.0) to obtain such estimates of 
BCSS-gain from AST [4–6]. PREDICT is an algorithm that 
uses several patient-specific clinicopathological variables to 
predict the absolute risk of dying from breast cancer over a 
10-year horizon in the absence of AST, and then projects 
the therapeutic BCSS-gain of different AST subtypes as 
derived from randomized clinical trials to obtain an estimate 
of absolute individual BCSS-gain due to specific types of 
AST [4–6]. PREDICT performs well in many different prog-
nostic subgroups and accurately projects absolute BCSS, 
adjusted for competing causes of death, in the presence and 
absence of administered AST [6, 15–18].

In this study, we address both overtreatment due to actual 
AST use as well as guideline-recommended AST use. Esti-
mates of overtreatment due to actual AST use were based 
on patients registered by the NCR to have been treated with 
AST, which included type of treatment (i.e., endocrine, 
targeted, or chemotherapy, as mono- or combination ther-
apy). As actual AST use is unavailable from SEER [19], 
we were unable to investigate actual AST use in the USA. 
To investigate overtreatment associated with guideline rec-
ommendations we applied both the Dutch (version 2.0) [3] 
and the National Comprehensive Cancer Network (NCCN) 
guidelines (version 3.2015) [20] to both the Dutch and 
USA cohorts. Both guidelines were applied to both cohorts 
because the distribution of clinicopathological variables 
(i.e., the patient mix) may differ between countries (e.g., 
due to different breast screening strategies), which could 
lead to different expected BCSS-gain from AST on a popu-
lation level.

Patient data

From the Dutch cohort we obtained all patient, tumor, and 
treatment characteristics of all female non-metastatic breast 
cancer patients diagnosed in 2015 (N = 15,007). Patients 
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who did not receive surgery (N = 1082), who received neo-
adjuvant treatment (N = 2926), or patients with bilateral 
tumors (N = 189) were excluded, leaving a total of 10,810 
patients for analysis. Similarly, from the USA cohort we 
obtained all patient, and tumor characteristics of all female 
non-metastatic breast cancer patients diagnosed in 2015 
(N = 58,429)[21]. Patients without data available from surgi-
cal pathology (N = 11,214), who received neoadjuvant treat-
ment (N = 481, based on pathological staging), or patients 
with bilateral tumors (N = 981) were also excluded, leaving 
a total of 45,753 patients for analysis.

AST guidelines

We applied the 2012 Dutch guidelines (version 2.0, pertinent 
in 2015) [3] to both the Dutch and USA cohort. Similarly 
we applied the USA 2015 guidelines (version 2015.3) [20] 
to both the Dutch and USA cohort (Supplemental Materi-
als 1 shows an overview of the differences between these 
guidelines). Some adaptions and interpretations of these 
guidelines were necessary. First, we did not have the results 
of any possibly performed genomic assays available, and 
did, therefore, not take this into account. Second, when the 
guidelines were ambiguous, we applied the strictest rec-
ommendations. For instance, although the USA guidelines 
states to consider adjuvant endocrine therapy in a node-neg-
ative ER+/HER2− tumor of size ≤ 5 mm, we analyzed the 
data considering endocrine therapy to be not recommended 
in these patients.

Estimation of BCCS‑gain and overtreatment 
from AST

PREDICT (version 2.0) estimates BCSS over a 10-year 
horizon from the different subtypes of AST based on sev-
eral patient and tumor characteristics. PREDICT takes the 
following characteristics as input: age, mode of detection, 
tumor size, tumor grade, number of positive lymph nodes, 
ER and HER2 status, Ki67 status and chemotherapy genera-
tion. Ki67 status is not registered in the Dutch or the USA 
cohort and was always coded as unknown. A PREDICT 
script was created to calculate predicted 10-year BCSS-gain 
from each AST subtype. Additionally, the PREDICT script 
was adapted to calculate the area under the curve (AUC) of 
patient-specific predicted survival curves in the absence and 
presence of AST for the calculation of 10-year restricted 
mean survival time (RMST). RMST is the mean of the time 
to an event limited to some ‘horizon’ time (e.g., 10 years) 
[22]. It equals the AUC of the survival curve to that point 
in time [22]. The increased RMST due to AST can be inter-
preted as the added average survival time (or time to event) 
due to AST within these 10 years (for further explanation 
see Fig. 1) [22, 23].

To estimate the amount and distribution of expected over-
treatment, we calculated the 10-year BCSS-gain, numbers 
needed to treat (NNT), and RMST (total and per patient) 
from AST based on actual treatment as registered in the 
Netherlands and the recommended treatment based on the 
Dutch and USA guidelines in both the Netherlands and USA. 
We defined overtreatment as the proportion of patients who 
would have survived without AST or died despite AST until 
the 10-year mark (Fig. 1). Overtreatment per patient was cal-
culated by adding the probability that this patient would have 
survived regardless of AST (the orange section in Fig. 1) or 
died despite AST (the red section in Fig. 1) at the 10-year 
mark. The patient-specific BCSS-gain was calculated by 
adding the BCSS-gain from the individual subtypes of AST 
that was received by or recommended to a patient, e.g., if a 
patient received both endocrine and chemotherapy the total 
BCSS-gain was calculated as the BCSS-gain from endocrine 
therapy plus chemotherapy (the green section in Fig. 1). 
The numbers needed to treat (NNT) was calculated as the 
reciprocal of the total BCSS-gain (i.e., 1/BCSS-gain). To 
calculate the population-based distribution of overtreatment 
and BCSS-gain, these estimates were aggregated over treat-
ment groups (endocrine, targeted, and chemotherapy). Treat-
ment-specific BCSS-gain was aggregated for all received or 
recommended AST because treatment decisions are based 
on total BCSS-gain, i.e., the Dutch guidelines recommend 
(combination) AST when the total BCSS-gain is ≥ 3% [3]. 
To quantify the number of patients experiencing low pre-
dicted BCSS-gain, we set a threshold of < 3% total BCSS-
gain from AST [3].

Statistical analysis

Missing variables of interest were multiply-imputed [24]. 
The number of imputed datasets was based on the percent-
age of rows with a missing variable of interest (20% in 
the Dutch cohort, and 25% in the USA cohort). Multiply-
imputed estimates were aggregated using Rubin’s Rules 
[25]. Estimates of (aggregated) overtreatment are reported 
as the mean, whereas BCSS-gain, NNT, and RMST are 
reported as median with their corresponding interquartile 
interval (IQI). Statistical analyses were performed using 
R version 3.6.2 (R Foundation for Statistical Computing, 
Vienna, Austria) and the multiple imputation was performed 
using the ‘mice’ (version 3.8.0) [26] package available in R.

Results

Table 1 shows the distribution of clinicopathological vari-
ables at diagnosis for both the Netherlands (N = 10,810) 
and the USA (N = 45,753). The median patient age was 
63 years (IQI = 53, 71) in both cohorts. Overall, baseline 
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clinicopathological variables were similar between the Neth-
erlands and the USA. The frequency of actual AST distribution 
in the Netherlands, and AST recommendations based on the 
Dutch and USA guidelines is shown in Fig. 2. Overall, Dutch 
early breast cancer patients received less chemotherapy than 
indicated based on the guidelines, particularly because a large 
proportion of patients with an indication for both endocrine 
therapy and chemotherapy, were actually treated with monoen-
docrine therapy. Compared to the Dutch guidelines, The USA 
recommends chemotherapy and endocrine therapy to a larger 
proportion of patients.

Overtreatment estimates of AST using actual 
prescribed treatment in the Netherlands

Table 2 shows the expected population-level 10-year over-
treatment and survival benefit of each of the actually admin-
istered AST subtypes and regimens in the Netherlands. 
Overall, a total of 6431 patients (59.5%) received any type 
of AST in the Dutch cohort in 2015. AST (any combination) 
is expected to save 409 patients (6.4%) from dying of breast 
cancer within 10 years. The remaining 6022 patients (93.6%) 
are expected to be unaffected, i.e., overtreated, because 4509 

Fig. 1  Two predicted 10-year survival curves of hypothetical patient 
X (A) and patient Y (B) estimated by the PREDICT algorithm with 
and without AST. A. The left survival curve (patient X) represents 
a 57-year old patient with a grade 2 ER+/HER2− tumor with a 
size of 29 mm and no positive lymph nodes (pT2N0). Without AST 
this patient is expected to have an 81% chance at surviving for at 
least 10 years. After treatment with adjuvant endocrine therapy this 
would increase to 85% (an additional 4%), and with adjuvant chemo-
therapy this would further increase to 88% (an additional 3%), for a 
total expected increase in 10-year BCSS of 7% for the combination 
treatment. Overtreatment is calculated as the proportion of patients 
that would have survived for at least 10 years regardless of AST or 
died despite AST, e.g.: if 100 Patient X’s were to be treated then we 
would expect 7 patients to have survived longer due to AST, while 
81 patients would have survived regardless of AST and 12 patients 
would have died despite AST, therefore, 93 patients are overtreated. 
The expected survival gain expressed in the additional months of 
survival over a 10 year horizon, i.e., the RMST, would be 2 months 
for endocrine therapy alone, and 1.5  months for chemotherapy 

alone, amounting to an additional 3.5 months of survival within the 
first 10  years. Without AST this patient would have an estimated 
110.4 months (9.2 years) of survival over a 10 year horizon. B. The 
right survival curve (patient Y) represents a 38-year old patient with 
a grade 3 ER−/HER2+ tumor with a size of 18 mm and 1 positive 
lymph node. Patient Y has a 63% chance of at least 10-year survival 
(in the absence of treatment with AST), this would increase by 11% 
with chemotherapy (to 74% 10-year survival), and additional 6% 
when treated with targeted therapy (to a total of 80% survival), for a 
total expected increase in 10-year BCSS of 17% for the combination 
treatment. Similar to the example described in A, this would lead to 
an overtreatment of 83% of patients. The RMST would increase by 
8.9 months when treated with chemotherapy and by 5.2 months when 
treated with targeted therapy, amounting to a total of 14.2 months of 
additional survival within the first 10-years. Without AST this patient 
would have an estimated 91.3 months (7.6 years) of survival over a 
10  year horizon. RMST restricted mean survival time, BCSS breast 
cancer-specific survival, AST adjuvant systemic treatment, ER estro-
gen receptor, HER2 human epidermal growth factor receptor-2
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patients (70.1%) are expected to survive also in absence of 
AST, and 1513 patients (23.5%) are expected to die from 
breast cancer or other causes despite AST. The median esti-
mated 10-year absolute BCSS-gain in those treated with 
AST is 4.7% (IQI = 2.5, 8.2%), equivalent to an NNT of 21.4 
(IQI = 12.1, 40.5) for patients who received any combina-
tion of AST (Table 2). The aggregated amount of expected 
increased survival time within the first 10 years due to AST 
(i.e., total RMST) was 2105.5 years for the entire Dutch 
population treated with AST, or 3.9 months (IQI = 1.3, 5.2) 
per patient.

A relatively large proportion of patients (who were rec-
ommended endocrine and chemotherapy, but only received 

endocrine therapy) received a different AST regimen com-
pared to the guideline recommendations (N = 1606, Fig. 2). 
The median age of this subgroup was higher compared to the 
subgroup of patients who did receive endocrine and chem-
otherapy: 62 (IQI = 44, 70) versus 54 (IQI = 37, 68). The 
expected overtreatment was 97.2% (IQI = 97.0, 98.2%) based 
on the treatment they received (monoendocrine therapy) as 
opposed to an expected overtreatment of 95.0% (IQI = 94.6, 
96.8%) based on the treatment they were recommended 
(endocrine and chemotherapy).

Patients who were treated with monoendocrine therapy 
were expected to experience a high probability of overtreat-
ment and low BCSS-gain. Treatment with monoendocrine 
therapy of 3213 (29.7% of all breast cancer patients) resulted 
in an expected overtreatment of 96.7%. Figure 3 shows the 
distribution of 10-year BCSS-gain for the different treatment 
regimens based on actual treatment but also based on Dutch 
and USA guideline treatment recommendations.

Overtreatment estimates AST based on guideline 
recommendations in the Netherlands and the USA

Table 3 shows the expected population-level overtreatment 
and 10-year survival benefit of each of the recommended 
AST subtypes and regimens in Dutch patients based on 
Dutch and USA guidelines. Overtreatment was expected to 
be higher when based on USA guidelines compared to Dutch 
guidelines: 94.5% vs 93.1% of patients were overtreated in 
the any AST subgroup. The distribution of expected survival 
benefit of the different AST regimens based on Dutch and 
USA guidelines is shown in Fig. 3. Overall, the USA recom-
mended endocrine and chemotherapy to a larger number of 
patients (with a more favorable prognostic profile), resulting 
in lower survival benefit for these patients. Similarly, these 
analyses were applied to the patients from the USA (Sup-
plemental Materials 2 and 3).

Discussion

In this study, we estimated the amount and distribution of 
expected overtreatment of administered and recommended 
AST in unilateral early breast cancer patients with real-world 
data from two national cancer registries. Actual treatment 
with any AST in the Netherlands is expected to save 6.4% 
of patients within 10 years (or an NNT of 21.4), whereas the 
remaining 93.6% of patients is expected to be overtreated. 
The largest amount of expected overtreatment was in the 
subgroup of patients who were treated with monoendocrine 
therapy: 96.7%. Overtreatment based on Dutch and USA 
guideline recommendations was also highest in the subgroup 
of monoendocrine therapy, respectively: 95.9% and 96.6%. 
A large proportion of patients treated with monoendocrine 

Table 1  Characteristics of all female patients surgically treated for 
unilateral non-metastatic breast cancer without neoadjuvant therapy 
in 2015 in NL and USA

Unless otherwise specified, data are number of patients, with percent-
ages between parentheses. Data are after multiple imputation
NL Netherlands, USA United States of America, IQI interquartile 
interval, IHC immunohistochemical, ER estrogen receptor, HER 
human epidermal growth factor-2, TN triple-negative

NL (N = 10,810) USA (N = 45,753)

Age (years)
Median (IQI) 63 (53, 71) 63 (53, 71)
≤ 39 279 (3%) 1443 (3%)
40–49 1289 (12%) 6163 (13%)
50–74 7679 (71%) 30,052 (66%)
75–84 1282 (12%) 6346 (14%)
 ≥ 85 281 (3%) 1749 (4%)
Tumor size (mm)
Median (IQI) 15 (10, 22) 15 (9, 23)
≤5 758 (7%) 5006 (11%)
6–10 2139 (20%) 9329 (20%)
11–20 4866 (45%) 17,463 (38%)
21–50 2740 (25%) 12,203 (27%)
> 50 308 (3%) 1751 (4%)
Number of positive 

lymph nodes
0 7945 (73%) 33,331 (73%)
1–3 2438 (23%) 9890 (22%)
3–9 271 (3%) 1773 (4%)
≥ 10 156 (1%) 759 (2%)
Tumor grade
1 3006 (28%) 12,674 (28%)
2 5262 (49%) 21,528 (47%)
3 2542 (24%) 11,551 (25%)
IHC-subtype
ER+/HER2+ 721 (7%) 4014 (9%)
ER+/HER2− 8754 (81%) 36,142 (79%)
ER−/HER2+ 329 (3%) 1555 (3%)
TN 1006 (9%) 4042 (9%)
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therapy in the Netherlands were actually also recommended 
chemotherapy. This may have led to an overestimation in 
overtreatment of the monoendocrine subgroup, and an 
underestimation in expected overtreatment of the endocrine 
and chemotherapy subgroup.

Our population-based AST survival gain estimates from 
AST differ from previously reported survival gain estimates 
based on randomized trial results, for example: the Early 
Breast Cancer Trialists’ Collaboration Group (EBCTCG) 
reported that 7.9% in patients aged < 50 years (or an NNT 
of 12.7) benefit from chemotherapy within 10 years, and 
2.9% in patients aged 50–69 years (or an NNT of 34.5) 

[27], while our population-based estimates show that 7.3% 
of patients (or an NNT of 14.3) treated with monochemo-
therapy were expected to benefit from AST treatment, and 
4.6% of patients (or an NNT of 27.3) who were treated 
with a combination of AST including chemotherapy were 
expected to benefit. Similarly, the EBCTCG report a 7.9% 
BCSS-gain after 5 years of tamoxifen (NNT is 12.7) [27], 
while our population-based estimates show that 3.3% (NNT 
is 38.5) were expected to benefit from monoendocrine ther-
apy, and 4.9% (NNT is 23.3) were expected to benefit from 
an AST regimen including endocrine therapy. Although our 
estimates of overtreatment appear to be high, they largely 

Fig. 2  The distribution of administered and recommended AST, 
overall and according to subtype, for all surgically treated unilateral 
non-metastatic breast cancer patients in the Netherlands (NCR)  and 
the USA (SEER) in 2015. Recommendations are based on the 2015 
Dutch and USA guidelines. Patients who are treated with monother-

apy (a single type of AST) are also indicated. AST adjuvant systemic 
therapy, NCR Netherlands Cancer Regsistry, SEER Surveillance, Epi-
demiology, and End Results Program,  NCCN National Comprehen-
sive Cancer Network 
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agree with what can be expected from the randomized clini-
cal trial results.

The issue of overtreatment has become increasingly rec-
ognized and efforts have been made to identify patients for 
whom AST can safely be omitted. Genomic assays, such 
as the 21-gene recurrence score [28] and the 70-gene sig-
nature [29, 30], have become a popular method to identify 
patients where chemotherapy can safely be omitted, particu-
larly in ER+/HER2− breast cancer [28, 31–33]. However, 
de-escalation tools for endocrine therapy are less available 
[33, 34], even though approximately half of all newly diag-
nosed early breast cancer patients receive endocrine therapy. 

One reason why a higher overtreatment may be accepted 
in this subset of patients might be due to the fact that the 
adverse effects of endocrine therapy are generally regarded 
as less severe compared to targeted and chemotherapy [11]. 
However, patients are administered endocrine therapy for a 
long period of 5 to 10 years with side effects such as sexual 
dysfunction, cognitive and musculoskeletal problems that 
have a negative impact on the quality of life [35–37]. There-
fore, also advancements in the personalization of endocrine 
therapy are valuable.

This study has several limitations. First, we did not obtain 
information regarding the use of genomic assays for both the 

Fig. 3  The distribution of expected 10-year BCSS-gain and NNT for 
all patients in the Netherlands who received or were recommended 
any AST (A), who were treated with targeted therapy (B), chemo-
therapy (C), monochemotherapy (D), endocrine (E) and monoendo-
crine therapy (F). For the overall AST subgroups (i.e., A, B, C, and 
E) the total BCSS-gain is aggregated from each received or recom-
mended AST, e.g., chemotherapy (C) shows the distribution of total 
BCSS-gain of the entire registered or recommended AST regimen 
(including targeted and/or endocrine therapy) of patients that received 
chemotherapy (including monochemotherapy). Although the propor-
tion of patients treated with endocrine therapy based on actual regis-

tered treatment and recommendations based on the Dutch guidelines 
is similar, the average survival benefit based on the Dutch guidelines 
is higher. This is due to the fact that a large proportion of patients that 
are recommended endocrine and chemotherapy, were actually treated 
with monoendocrine therapy, leading to a lower expected increased 
survival benefit (but also less treatment). Note that only one patient 
was registered with monotargeted therapy and guidelines do not rec-
ommend treatment with monotargeted therapy, therefore, the distri-
bution is unavailable. AST adjuvant systemic treatment, BCSS breast 
cancer-specific survival, NNT number needed to treat, USA United 
States of America
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Dutch and USA cohort, and was assumed to be unknown. 
This will have affected the analyses where treatment rec-
ommendations were based on guidelines, particularly for 
the USA guidelines (Supplemental Materials 1), and will 
have led to an overestimation of the amount of expected 
overtreatment from chemotherapy in ER+/HER2− breast 
cancer patients. However, even if available, we could not 
incorporate genomic risk in our estimation of expected 
BCSS-gain, as genomic risk is not included in the PREDICT 
model (e.g., PREDICT will overestimate BCSS in patients 
with high clinical but low genomic risk). Second, we applied 
the strictest interpretation of the guidelines which will have 
resulted in an underestimation of the overall amount of over-
treatment, because these lenient recommendations generally 
apply to patients with favorable prognosis in whom BCSS-
gain from AST is low. Third, our estimations are based on 
patient data and national guidelines from 2015; however, in 
2020 both the Dutch and the NCCN guidelines have updated 
their AST recommendations. The Dutch guidelines in par-
ticular have de-escalated chemotherapy recommendations 
in ER+/HER2− breast cancer compared to the 2015 guide-
lines (based on 2020 guidelines; Supplemental Materials 4 
shows the analyses using the new Dutch 2020 guidelines). 
No major updates were introduced for endocrine or targeted 
therapy. Registry data from 2015 were used as complete data 
from 2020, including administered treatment, was not avail-
able at time of the data request and no significant differences 
were expected in the distribution of clinicopathological vari-
ables between 2015 and 2020. Fourth, the estimations of sur-
vival and AST-specific 10-year BCSS-gain were calculated 
with the PREDICT algorithm. The use of expected survival 
benefit is necessary, as survival benefit from specific AST 
subtypes cannot directly be observed on a patient level from 
real-world clinical observational data. Therefore, the validity 
of our estimates depends on the validity of the PREDICT 
algorithm. PREDICT is validated in several independent 
cohorts [6, 15, 17], including a Dutch cohort [18], where 
it performed well, although PREDICT slightly underesti-
mated survival in ER− and high-risk patients (T3, and grade 
3), and overestimated survival in old patients (≥ 75 years) 
[18]. Additionally, it should be used with caution in patients 
aged < 40 years [38]. Still, PREDICT is endorsed by the 
Dutch guidelines and AJCC [7] to support clinical decision-
making, and small under- and overestimations of survival 
are accepted. In that sense, the information we present in 
this study is also the information available to clinicians to 
support their clinical decision-making. Although, in 2015 
the online prognostication most used was Adjuvant! Online 
(which has since been offline), which may have led to small 
differences in prognosis prediction compared to PREDICT 
[38]. Although genomic assays and prognostic tools have 
improved personal risk stratification, it remains difficult to 
predict recurrence in individual patients. Additionally, the 

PREDICT algorithm was developed and primarily validated 
in Western populations [4–6, 15–18, 38, 39], and there might 
be variation in competing risk among women from the age 
(for instance due to differences in region), which might fur-
ther affect personal risk stratification. However, a validation 
study performed in Malaysia showed that PREDICT per-
formed relatively well [40]. Fifth, we have estimated over-
treatment distributions based on the survival over a 10-year 
horizon with BCSS- and RMST-gain. AST is expected to 
increase survival beyond this 10-year horizon, and patient-
level measures such as risk of side effects, therapy adherence 
and effect on quality of life, but also societal-level measures 
such as cost–benefit analyses of the treatment should, ide-
ally, also be taken into account [41]. Additionally, prevention 
of non-life threatening recurrences due to AST that could 
also affect health care costs and quality of life are also not 
taken into account. The results should be interpreted with 
caution, and taken as estimates. Our findings do not recom-
mend a change in treatment guidelines, but highlight the 
need for tools to allow for further treatment selection in cer-
tain subgroups of breast cancer patients.

To conclude, the percentage of expected overtreatment 
in patients treated with combination AST and monochem-
otherapy was relatively high but in the range that can be 
expected from randomized clinical trial results. However, 
expected overtreatment in patients treated with monoendo-
crine therapy was high. Comparable results were observed 
when estimating survival benefit based on Dutch and USA 
guideline recommendations, however, as the USA guidelines 
recommended AST to a larger number of patients (with more 
prognostically favorable profiles), overtreatment was higher. 
De-escalation tools to curb overtreatment of endocrine ther-
apy are especially relevant, as this subgroup represents the 
largest portion of breast cancer patients treated with AST.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10549- 022- 06550-2.
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