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RISK ESTIMATION AND PREDICTION FOR (EXTENDED) ENDOCRINE THERAPY 

Breast cancer is the most common cancer in women.1,2 In the past decades, much progress 
has been made in terms of treatment options, and breast cancer survival has improved 
significantly. Nevertheless, concerns in the treatment of hormone receptor positive (HR+) 
breast cancer remain. Even after optimal locoregional management and adjuvant systemic 
therapy, patients with HR+ breast cancer still have a lifetime risk of 20 to 41% of 
developing a recurrence.3 Several prognostic and predictive models have been developed 
for early breast cancer. To improve tailoring of adjuvant treatment to the individual 
patient, much  effort has  been made to identify biomarkers or biomarker profiles capable 
of predicting the individual risk of recurrence and sensitivity to endocrine treatment. One 
objective of this thesis was to examine several prognostic and predictive models, to 
determine which ones are most suitable to use in daily clinical practice.  

In chapter 2 of this thesis, with a review of the literature, we investigated whether the 
quantitative assessment of hormone receptors is a better method to select patients for 
endocrine therapy (ET) than the single cut-off value of 10%.4 We concluded that in patients 
with an estrogen receptor (ER)-positive tumor (defined as ER ≥10%), a higher ER load as 
assessed by immunohistochemistry (IHC) is not correlated to better outcome, and no 
evidence could be found for using quantitative ER load as a prognostic marker. In other 
words, patients with a higher ER load (e.g. 100%) do not inherently have a better prognosis 
than patients with a lower ER load (e.g. 20%). Furthermore, no evidence was found for 
using quantitative ER load as a predictive marker, i.e. patients with a higher ER load do not 
have more benefit of ET than patients with a lower ER load. 

This chapter also concluded that in patients with an HR+ tumor, higher progesterone 
receptor (PR) load does not seem to be correlated to better outcome. Based on the included 
studies, quantitative PR load is not a suitable prognostic marker; patients with a higher PR 
load do not inherently have a better prognosis than patients with a lower PR load, nor is it 
suitable as a predictive marker. Furthermore, PR load seems to interact with ER load and 
is therefore not recognized as an independent predictor.   

The studies included in the systematic review differed from each other in their way of 
quantitatively measuring HR load; some studies used a continuous percentage or 
histoscore, some studies used groups of HR-negative, low HR expression and high HR 
expression and some divided patients in four or more groups based on Allred score or 
percentage. This influenced outcomes. Studies were more likely to find a positive 
association between HR load and outcome if a continuous score was used. However, using 
a continuous quantitative measure to assess HR expression was questioned by several 
authors. Inter-observer variability is high, and samples get assigned different HR 
percentages depending on the pathologist and the lab it was reviewed in. Most importantly, 
staining breast cancer tissue using IHC does not allow for precise enough measurement of 
HR load to generate a continuous score and can only quantify into negative, weak positive 
and strong positive. The problem with this approach is defining “weak” and “strong”. A lack 
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of generally accepted definition resulted in pathologists and papers choosing their own 
definition, making it difficult to compare multiple studies. 

Based on the results of the review, we propose using both ER and PR expression only as a 
qualitative measure; defining tumors with less than 10% of cells expressing this receptor 
as negative, and tumors with ≥10% of cells expressing the receptor as positive. Using a 
continuous quantitative measure does not seem feasible without centralized, unambiguous 
and clear pathological measurement. The implications for the daily clinical practice of 
pathologists are that more detailed information on the HR status beyond “positive” or 
“negative” should no longer be provided, to prevent oncologists subconsciously or 
instinctively making different treatment decisions based on this information. Since there 
is no evidence for different treatment strategies, providing extra information is both 
unnecessary and undesirable. 

In chapter 3 of this thesis, we studied the utility and accuracy of the clinical treatment 
score post-5 years (CTS5) to determine the risk of late distant recurrences (DR) and 
whether it can be used to predict benefit from extended ET. A substantial risk of late DR 
exists for patients with ER+ breast cancer, even after 5 years of ET, and extended ET may 
be beneficial.5 The CTS5 was trained with data from postmenopausal patients who had HR+ 
breast cancer and were randomly assigned to receive anastrozole alone or tamoxifen alone, 
and were distant recurrence free after 5 years of follow-up. It was internally validated with 
data from postmenopausal women with HR+ early-stage breast cancer who were 
randomized to receive 5 years of letrozole or tamoxifen or sequential therapy (2 years of 
letrozole followed by 3 years of tamoxifen or opposite sequence), and were distant 
recurrence free after 5 years of follow-up. The CTS5 aims to estimate the DR rate between 
5 and 10 years from diagnosis for postmenopausal patients with ER-positive breast cancer 
who remain disease free after 5 years of standard ET. 

We applied the CTS5 to the TEAM and IDEAL cohorts.6 The TEAM cohort comprised 
postmenopausal patients with ER-positive breast cancer randomly assigned to either 5 
years of exemestane or 2-3 years of tamoxifen followed by 2-3 years of exemestane, and 
were disease free at 5 years.7 The IDEAL cohort consisted of postmenopausal patients with 
HR+ early breast cancer, who were disease free after 5 years of standard ET and were 
randomized to either 2.5 or 5 years of extended treatment with letrozole.8 The CTS5 was 
developed to discriminate postmenopausal patients with ER+ breast cancer into three risk 
categories with respect to late DR.5 In these two large cohorts of trial patients, the risk of 
late DR as predicted by the CTS5 corresponded to the observed DR rates in low-risk 
patients, but the CTS5 overestimated the observed risk of DR in patients with a higher 
predicted risk. Furthermore, the CTS5 could not predict benefit of 5 years over 2.5 years of 
extended ET using data from the IDEAL cohort. 

In conclusion, the CTS5 as applied to patients treated in the TEAM and IDEAL cohorts 
categorizes patients into low-, intermediate-, and high-risk groups. In low-risk patients, the 
predicted late DR risks correspond with the observed DR rates, but the CTS5 overestimated 
the risk of late DRs in high-risk patients from the TEAM and IDEAL cohorts. Using patient 
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data from the IDEAL cohort, the CTS5 cannot be validated as a predictive tool for extended 
ET either. Especially in high-risk patients, an unrealistic assessment of the risk to develop 
a late DR could potentially lead to overtreatment. Therefore, the numerical risk assessment 
from the CTS5 calculator in its current form should be interpreted with caution when used 
in daily clinical practice, particularly when used in high-risk patients. 

Both the hormone receptor analysis studied in chapter 2, and the CTS5 studied in chapter 
3 are models based on clinical factors. They are able to discriminate between low risk and 
high risk patients, but not capable of further discrimination. Moreover, quantification does 
not lead to more accurate risk assessment, and both of these models are unable to select 
patients who are suitable for extended endocrine therapy.   

In general, prognostic tools aim to distinguish patients with an inherently worse prognosis 
from those with a better prognosis, while predictive tools aim to distinguish those patients 
who will respond well to treatment from those who will not. Often, prognostic tools are not 
predictive and should not be used as such because patients with a worse prognosis are not 
necessarily the same patients who benefit from more extensive therapy. This is illustrated 
with the results from chapter 2 and chapter 3.  

More promising as a predictive model may be the assessment of the activity of the ER-
pathway to distinguish in which patients the estrogen receptor is not only expressed, but 
also active and thus a suitable target for ET. In chapter 4 of this thesis, we examined the 
BCI [H/I] biomarker panel.9 BCI [H/I] is a gene expression profile that examines the ratio 
between two genes, HOXB13 and IL17BR (H/I), that reflects activity of estrogen signaling 
pathways in breast tumors. When this H/I ratio is high, estrogen signaling is upregulated, 
and the proliferation of the tumor is likely influenced by the availability of estrogens.  

To date, the net benefit of extended endocrine therapy based on tumor biology has 
incorporated individualized assessment of risk but has lacked individualized assessment 
of endocrine responsiveness to predict the likelihood to benefit from longer durations of 
endocrine treatment. Findings from this study confirm the predictive ability of BCI by H/I 
status to classify patients who demonstrate a high or low degree of endocrine 
responsiveness with categorical differences in outcome from extended endocrine therapy. 
Similar relative improvements in outcome based on recurrence-free survival (RFI) by BCI 
[H/I] category were generally observed in all clinical and pathologic factors examined.  

Consistent with previous data, BCI [H/I] expression did not show a strong correlation with 
canonical endocrine biomarkers, ER and PR. In addition, multiple translational studies in 
the ATAC, BIG 1-98, and TEAM trials, and our own results from chapter 2 have 
reproducibly demonstrated that quantitative ER and PR expression levels in patients with 
HR breast cancer do not predict benefit from endocrine therapy, suggesting that BCI [H/I] 
predictive effects are predicated on distinct biological mechanisms that are not directly 
coupled to ER/PR expression levels.10-12 

We demonstrated significant prediction of extended endocrine benefit based on BCI [H/I] 
classification in patients treated with contemporary standards of care for primary adjuvant 
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endocrine therapy. In conjunction with previous data from MA.17 and Trans-aTTom, BCI 
predictive performance is established across a comprehensive range of treatment 
scenarios involving tamoxifen and AIs.13 Clarifying the magnitude and level of efficacy of 
extended endocrine therapy with approaches that provide additive and distinct 
information is important to ensure that overtreatment and undertreatment do not occur. 
BCI may provide the rationale as a standardized molecular tool that measures preferential 
response and magnitude of benefit to help individualize patient selection for extending 
endocrine therapy to 10 years. 

In a head-to-head comparison of BCI [H/I] to the CTS5, one analysis revealed that no CTS5-
group derived significant benefit from extended ET.14 The treatment by biomarker 
interaction was significant for BCI [H/I], but not for CTS5. When re-stratifying CTS5 
categories by BCI [H/I] or vice versa, only BCI [H/I]-high patients showed consistent 
absolute benefit regardless of CTS5 category. In contrast, CTS5-high patients did not show 
any benefit in the BCI [H/I]-low group. These results demonstrate that CTS5 does not 
provide predictive information to support extended endocrine therapy decision-making. 
Only BCI [H/I] was a predictive biomarker of benefit from extended endocrine therapy. 
These results are consistent with our findings from chapter 3 and chapter 4.  

RISK ESTIMATION IN OLDER PATIENTS 

A third of all patients with breast cancer are aged 70 years or older at diagnosis, and in this 
growing population two specific age-related issues arise.1 As it takes time for a recurrence 
to develop, and older patients have an increased probability to die of causes unrelated to 
their breast cancer, the risk of developing a recurrence is inversely correlated to age and 
the competing risk of other-cause mortality.15 Also, older patients usually have more 
comorbidities and frailty than younger patients. Therefore, they may experience more side 
effects and complications of cancer treatment and are at higher risk of hospitalization and 
long-term loss of quality of life.16,17  

Risk estimation in older patients is generally based on the same factors as in younger 
patients. Therefore, these age-related factors regarding other cause mortality and 
(adverse) effects of treatment, are often not taken into account when determining the 
treatment strategy, which can lead to significant overtreatment of this population. Thus, 
instruments are needed that are validated specifically for the older population. The 70-
gene signature test, or MammaPrint, is a genomic risk profile that is already established as 
an accurate prognostic model in younger breast cancer patients.18 Previous studies showed 
that MammaPrint can be used to de-escalate the use of chemotherapy and ET in genomic 
low and ultralow risk patients, respectively.19 However, these trials did not include 
patients aged 70 years or older. In chapter 5 of this thesis, the validity and accuracy of 
MammaPrint in older patients was examined.  

Our data showed that the 70-gene signature test can be used to accurately estimate DR risk 
in patients with breast cancer aged ≥70 years.20 MammaPrint-ultralow risk patients had 
excellent clinical outcome up to ten years after diagnosis, despite 48% of them not 
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receiving any systemic therapy. Significantly more MammaPrint-high risk patients 
developed DR, even though 72% of MP-high risk patients did receive adjuvant ET. 
Multivariate analyses adjusted for ET usage still showed significantly lower 10-year DR 
rates for MP-ultralow risk patients.  

This is the first study examining a gene-expression profile in the older population. Our data 
show that genomic ultralow risk patients had excellent long-term outcomes even if 
clinically high risk. This may be explained by the discontinuation of routine screening at 
the age of 75. With increasing age, and reduced rates of participation in breast cancer 
screening, breast cancer is more often diagnosed at higher clinical stages.21 Larger tumors 
and more elaborate regional spread may therefore in older women not be signs of 
aggressive tumor biology, but rather of late diagnoses. Thus, using only clinical parameters 
to determine recurrence risk for older patients may result in inaccurate risk estimation. 
Our data show that the 70-gene signature test provides more accurate risk assessment, and 
it seems reasonable to suggest that all older patients with ultralow risk breast cancer could 
forgo adjuvant endocrine therapy. This would apply to both patients with a high risk of 
competing events, and also to those who are relatively fit, since the risk of developing a 
distant recurrence seems extremely low. Prospective randomized trials should examine 
whether MammaPrint can indeed be used to decide if these older patients can safely forgo 
adjuvant ET. 

This analysis adds to the growing body of data demonstrating the validity of MammaPrint’s 
ultralow risk threshold. Women with ultralow risk, regardless of clinical stage or grade, 
had an extremely low risk of recurrence. These data are especially relevant for clinicians 
working with older patients, who may be frailer and more susceptible to adverse effects of 
treatment. 

ADJUVANT THERAPY WITH BISPHOSPHONATES 

Aside from determining which patients have most to gain from (extended) ET, other 
therapeutic agents might also assist in decreasing the risk of recurrences. Since hormone 
receptor positive breast cancer cells prefer osseous microenvironments, about 70% of 
breast cancer metastases are bone recurrences.22,23 When metastatic cells infiltrate bone 
tissue, the equilibrium between osteoclasts and osteoblasts is disturbed. The tumor cells 
stimulate the activity of osteoclasts, which increases bone resorption and the release of 
growth factors and cytokines. These instigate the proliferation and survival of tumor cells, 
creating a vicious cycle.  

Nitrogen-containing bisphosphonates also affect bone metabolism by inhibiting key 
enzymes of the intracellular mevalonate pathway.24 This decreases osteoclast-mediated 
bone resorption and osteoclast survival, causing an increase in bone density and a 
decreased release of cytokines and growth factors. It is hypothesized that this makes bone 
a less attractive environment for metastatic breast cancer cells.  

Several trials have investigated the effect of (neo)adjuvant bisphosphonates on (breast) 
cancer recurrence.25-27 In 2015, a meta-analysis comparing patients treated with and 
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without adjuvant bisphosphonates showed a reduction in breast cancer recurrence and 
mortality in the subgroup of women who were postmenopausal at the onset of treatment 
or chemically castrated using therapy, but not in the premenopausal subgroup.28 Thus far, 
the use of high-dose nitrogen-containing bisphosphonates has not been studied in 
exclusively postmenopausal patients. The TEAM-IIB trial investigated the effect of daily 
oral ibandronate on the development of (bone) recurrences in postmenopausal patients 
with breast cancer, and its results were described in chapter 6.29 

TEAM-IIB, the largest randomized controlled trial in specifically postmenopausal women 
with HR+ breast cancer, evaluates the benefit of adding an oral nitrogen-containing 
bisphosphonate, ibandronate, to adjuvant ET, and found no difference in overall disease-
free survival (DFS) between the ibandronate arm and the control arm. A significant 
difference was observed in the first 3 years after diagnosis, which disappeared with longer 
follow-up. An interaction between time and treatment effect was observed, although a 
landmark analysis of DFS starting at 3 years after random assignment until end of follow-
up showed no significant difference in DFS between the treatment arms. Evaluation of 
secondary outcomes also showed only a short-term benefit of ibandronate. During the first 
5 years after random assignment, patients in the ibandronate arm had few recurrences 
overall, and also less recurrences in bone, specifically. This is in line with results from 
preclinical research and the EBCTCG meta-analysis.28 Despite the favorable short-term 
effects of ibandronate on disease-free survival and (bone) recurrence rate, ibandronate 
was not beneficial with longer follow-up. After 8 years of follow-up, the (bone) recurrence 
rate was similar between the ibandronate arm and the control arm. These results were also 
consistent with the EBCTCG meta-analysis, and it was especially notable that the point 
estimates for bone recurrence presented here were almost identical to those of the 
EBCTCG meta-analysis, namely 7.8% and 8.8% for the ibandronate arm and control arm, 
respectively, versus 7.8% and 9.0% in the meta-analysis. All landmark analyses starting at 
3 years after random assignment showed no statistically significant differences between 
treatment arms. 

Moreover, ibandronate treatment carries considerable side effects. Bisphosphonates are 
associated with flu-like symptoms, musculoskeletal pain, and hypocalcemia. Incidence of 
serious AEs, such as osteonecrosis of the jaw (ONJ) and nephrotoxicity, is low. Most trials 
report an incidence of about 1% for both toxicities. Notably, in TEAM-IIB, the incidence of 
ONJ was 1.9%, mostly in women using an AI, which raises the question whether the 
combination with AIs in postmenopausal women may increase this risk. Tamoxifen 
increases bone mineral density in postmenopausal women by acting as an estrogen agonist 
in osseous tissue, whereas AIs cause osteoporosis through disrupting the bone remodeling 
cycle by increasing osteoclast-mediated bone resorption. Bisphosphonates decrease bone 
remodeling, but also decrease angiogenesis and cause poor wound healing. Therefore, the 
concurrent administration of AIs and high-dose ibandronate may increase the risk of 
developing osteonecrosis compared with the combination of ibandronate and tamoxifen. 
Although patient satisfaction with oral formulations is generally high and oral 
bisphosphonates are usually well accepted, 18% of TEAM-IIB patients stopped their 
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ibandronate treatment early because of adverse events, and approximately a third of those 
had gastro-intestinal complaints. 

In conclusion, the data presented here are an important contribution to the field and the 
results from TEAM-IIB do not support using daily ibandronate as adjuvant treatment in 
unselected postmenopausal women with HR+ stage I-III breast cancer. 

FUTURE PERSPECTIVES 

Overall, identifying the breast cancer patients that could benefit most from ET remains 
important. Roughly, patients can be categorized into four groups.  

First of all, there is a group of patients with HR+ breast cancer that have such favorable 
tumor characteristics, that they will never develop a recurrence, even if they forgo adjuvant 
treatment altogether. Secondly, some patients will definitely develop a recurrence, even if 
they are treated with ET. Thirdly, some patients would develop a recurrence, but this can 
be prevented with the use of ET. And lastly, some patients are elderly or  frail, and although 
they might develop a recurrence, this will not influence their survival nor their quality of 
life, as they are likely to succumb to “other cause mortality” related  to comorbidities before 
the breast cancer recurs. 

Ideally, only the patients from the third group are treated with ET. If oncologists are able 
to predict  to which group of patients people belong, they could better advise them on the 
use of ET. Considering the frequent and sometimes severe side effects of ET, an improved 
selection of those who need treatment will lower the treatment burden.  

To identify patients belonging to the first group, the 70-gene signature test as described in 
chapter 5 can be used. Our data show that genomic ultralow risk patients had excellent 
long-term outcomes even if clinically high risk. It seems reasonable to suggest that all 
patients with ultralow risk breast cancer could forgo adjuvant endocrine therapy, since the 
risk of developing a distant recurrence seems extremely low. 

To differentiate between the second and the third group, a potential method to identify 
those patients is to measure the activity of the ER pathway to distinguish in which patients 
the estrogen receptor is not only expressed but also active and thus a suitable target for 
ET. BCI [H/I] as described in chapter 4 could be a suitable method for this. Other pathway 
sensitivity analyses could also be advantageous for this goal.30  

The fourth group could be identified using the PORTRET tool. The PORTRET tool aims to 
predict recurrence, overall mortality, and other-cause mortality in older patients with 
breast cancer, including individualized estimations of adjuvant treatment benefits.31 The 
tool showed good internal and external validation performance, with improved accuracy 
in older patients compared with existing breast cancer prediction models, by incorporating 
comorbidity and geriatric predictors. The accurate prediction of the competing risk of 
death is a substantial aspect of the PORTRET tool. Although there are existing tools that 
estimate remaining life expectancy in older adults available such as Lee-index/ePrognosis, 
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the major advantage of the PORTRET tool is that it combines this outcome with breast 
cancer-specific outcomes.32 

This thesis aimed to provide guidance in navigating different risk assessment tools. Once 
we are able to accurately assign patients to one of the four groups by using risk assessment 
tools, we can optimize and personalize adjuvant treatment strategies for patients with HR+ 
breast cancer.  
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