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Chapter 7

Currently, ER and, to a lesser extent, PR are the main biomarkers in hormone 
receptor-positive breast cancer to identify patients who will likely benefit from 
endocrine therapy. Unfortunately, as described in the Introduction in Chapter 1, 
endocrine therapy is not effective in all ER+ breast cancer patients due to intrinsic or 
acquired resistance. The first aim of the research described in Part I in this thesis was 
to find additional markers that might help select patients with primary ER+ breast 
cancer that might not have benefit from adjuvant tamoxifen. Currently, a series of 
new pathway inhibitors to be added to endocrine therapy are under investigation 
whether the risk of recurrence can be decreased. Individualized treatment is now 
essential to improve outcome, and for those not responding to avoid unnecessary 
side-effects and substantial costs. In part II of this thesis attempts were described to 
obtain insight in advanced ER+/HER2- breast cancer previously treated with a non-
steroidal aromatase inhibitor, which patients will be good candidates for treatment 
with everolimus added to exemestane. In this way, patients predicted not to have 
benefit may be candidates for alternative treatment. In this final Chapter 7, the 
main findings of Chapters 2 through 6 are summarized and discussed. Furthermore, 
recommendations for future directions are presented.

Part I

Summary of main findings and general discussion

In Chapters 2-4, immunohistochemistry (IHC) studies on primary tumors 
were carried out in postmenopausal patients with stage I-III breast cancer who 
participated in an IKA trial in the Netherlands between 1982 until 1993. Patients 
were randomized between adjuvant tamoxifen and no adjuvant endocrine therapy. 
No patient had received adjuvant chemotherapy. Primary paraffin-embedded tumor 
tissue blocks had been retrieved from 739 of the 1662 patients. Clinicopathological 
characteristics of these patients did not differ from those in the total population.

In Chapter 2 we demonstrated by unsupervised hierarchical clustering of seven 
(phosphorylated) proteins related to PI3K/MAPK pathways, that postmenopausal 
ER+/HER2- breast cancer patients with a tumor containing preferentially activated 
pathways derived no benefit from adjuvant tamoxifen, while those without 
preferential activation had an improved relapse-free interval. This demonstrates 
the value of determining the expression of multiple proteins as readout for PI3K/
MAPK pathway activation to predict adjuvant tamoxifen benefit. The discrepancy in 
prognostic value of measuring single proteins vs. hierarchical clustering is likely due 
to the fact that single proteins give less precise information on pathway activation.
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A practical disadvantage of the hierarchical clustering method described in 
Chapter 2 is that it cannot be used to classify a new patient into one of the two 
clusters. As a solution, we devised a classification tool for ER+/HER2- patients. With 
this tool, a new patient would be assigned to either the activated or the less activated 
heatmap subgroup based on a particular expression profile of the seven proteins. 
Our classification tool successfully categorized patients in these two subgroups 
based on their IHC scorings. For clinical feasibility and applicability, prospective 
validation is required.

For adjuvant systemic treatment decisions in primary breast cancer, clinicians 
rely on standard clinicopathological factors, such as tumor size, grade, receptor 
status, proliferation index, lymph node status, age, co-morbidity and performance 
status1. Online prediction tools have been developed using a number of prognostic 
factors to calculate the risk of recurrence and to be informed whether adjuvant 
endocrine and/or chemotherapy would considerably reduce this risk. Adjuvant! was 
a such an online decision tool which also took into account a patient’s co-morbidities 
when estimating the decrease in risk of recurrence or death with the proposed 
medical treatments. Adjuvant! was developed based on data from the Surveillance, 
Epidemiology and End-Results registration in the USA2. Validation studies in large 
populations have shown that the tool accurately predicts overall survival (OS), 
breast cancer-specific survival (BCSS) and event-free survival (EFS) except in patients 
younger than 40 years3,4. A number of multigene tests is also available and useful for 
treatment decisions, for instance, the MammaPrint, PAM50-based risk of recurrence, 
Oncotype DX, IHC4 score and Breast Cancer Index5,6. Although these classifiers add 
prognostic information to ER+/HER2- breast cancer patients, the most recent ASCO 
guidelines recommend using them for clinical decisions on adjuvant chemotherapy 
only, since there is no convincing evidence whether they might be of added value 
for decisions regarding adjuvant endocrine therapy5,6. This is endorsed by the 
Dutch breast cancer guideline1. Our IHC based classification tool might be of added 
value to determine tamoxifen sensitivity. It remains to be investigated, however, 
whether this classification tool is useful in postmenopausal ER+/HER2- breast cancer 
patients, since the current guideline recommends sequential use of tamoxifen and 
an aromatase inhibitor in the adjuvant setting1.

As shown in Chapter 2, a proportion of patients without PI3K/MAPK pathway 
activation experienced a recurrence after tamoxifen, indicating that additional 
resistance mechanisms remain to be identified in these tumors7. The next step 
would be to investigate which adjuvant treatment effectively reduces the risk for 
a relapse in these high-risk patients. One possibility is that these patients should 
be treated with conventional chemotherapy. It may also be considered that these 
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patients benefit from endocrine treatment with the addition of the mTOR-inhibitor 
everolimus. Two clinical trials are currently registered in ClinicalTrials.gov on the 
usefulness of the addition of everolimus to adjuvant endocrine treatment for ER+/
HER2- breast cancer (NCT01805271 and NCT01674140). Although the results of these 
studies are important, it would even be more interesting to apply our classification 
tool on tumor tissue to analyze if patients with an activated pathway would indeed 
have more benefit from the addition of everolimus.

Another mechanism of resistance is the dysregulation of cell cycle checkpoints 
through upregulation of parts of the cyclin D1-CDK4/6 complex8 as mentioned 
in Chapter 1. The CDK4/6 inhibitors palbociclib, ribociclib and abemaciclib have 
been registered in combination with endocrine therapy for ER+/HER2- metastatic 
breast cancer because of prolongation of progression-free survival compared to 
that of endocrine therapy alone9,10. Moreover, results from a recent meta-analysis 
suggest that treatment with CDK4/6 inhibitors is able to improve OS in ER+/HER2- 
metastatic breast cancer patients11. Various randomized studies are currently 
running to evaluate the effect of an CDK4/6 inhibitor added or not to standard 
adjuvant endocrine therapy in patients with high-risk ER+/HER2- primary breast 
cancer. Not all patients will benefit from CDK4/6 inhibitors. Resistance mechanisms 
have been described including loss of RB expression or overexpression of cyclin 
E110. Interestingly, drugs directed against the PI3K pathway might be able to prevent 
or reverse the development of resistance against CDK4/6 inhibitors as shown in 
preclinical research12,13. This emphasizes the need to continue unraveling cross-talks 
and feed-back loops in cell-signaling pathways to be able to individualize adjuvant 
endocrine therapy in ER+/HER2- breast cancer.

The postmenopausal IKA trial also contained patients with breast cancer 
representing ER+/HER2+, ER-/HER2+ and triple-negative breast cancer (TNBC) 
subtypes. In Chapter 3 we demonstrated that unsupervised hierarchical clustering 
can distinguish tumors with a specific molecular biology characterized by more or 
less activated PI3K and/or MAPK pathways. Our finding that some HER2+ tumor 
samples contained relatively less to no activation was unexpected as HER2 is a 
well-known upstream receptor tyrosine kinase able to activate both pathways 
upon dimerization with ErbB family receptor members14. Whether the pathway 
activation status is predictive of response to anti-HER2-based therapies is subject 
of current research, since not all patients receiving adjuvant trastuzumab derive OS 
benefit15. It would, therefore, be of interest to analyze whether trastuzumab-based 
treatment outcome in patients with HER2+ tumors differs between subgroups with 
an activated and less/no activated PI3K and/or MAPK pathway. This would shed 
more light on whether inhibition of downstream growth factor-signaling pathways 



193

Summery, General Discussion and Future Perspectives

is a relevant working mechanism of trastuzumab, next to antibody-dependent cell-
mediated cytotoxicity16.

Activated and less/no activated subgroups based on PI3K and/or MAPK protein 
expression profiles could also be distinguished in the postmenopausal TNBC patient 
cohort as demonstrated in Chapter 3. TNBC is a heterogeneous disease and many 
tumors contain deregulated PI3K and/or MAPK pathways17-20. Current research is 
dedicated towards the development of drugs directed against these pathways to 
improve the poor prognosis of TNBC patients21,22. Besides PI3K/MAPK pathway 
inhibitors, it appears that immunotherapy might also be a promising treatment 
modality for TNBC patients23. By influencing the T-cell receptor ‘immune checkpoint 
programmed death 1’ (PD-1) through expression of programmed death ligand 1 
(PD-L1) on the cell membrane, cancer cells can prevent the activation of T-cells 
and thus escape cell death24. It is, therefore, not surprising that new drugs have 
been developed against these and other targets involved in the anti-cancer immune 
response25. Recently, atezolizumab in combination with nab-paclitaxel has already 
been registered for treatment of patients with unresectable locally advanced or 
metastatic TNBC whose tumors express PD-L1, as determined by an FDA-approved 
test26,27.This registration was based on the results of the IMpassion130 study, 
demonstrating that the median progression-free survival (PFS) was prolonged to 
7.5 months with that combination as compared to 5.0 months with placebo plus 
nab-paclitaxel26.

In Chapter 4 we showed that stimulation of IGF-1R activates the PI3K and MAPK 
pathways in ER+ breast cancer cell lines, which contributes to tamoxifen resistance. 
This observation is supported by the lack of benefit from adjuvant tamoxifen in the 
postmenopausal IKA trial patients with ER+/IGF-1R+ breast cancer staining positive 
for p-IGF-1R/InsR. Exposing breast cancer cells to the dual IGF-1R/InsR inhibitor 
linsitinib abrogated IGF-1R signaling and restored endocrine sensitivity.

The IGF-1R receptor has long been recognized as a factor involved in resistance 
to hormonal therapy as it is able to activate various downstream pathways within 
cancer cells and interacts with the ER28. For that reason, IGF-1R inhibitors have 
been developed and analyzed for their clinical utility in various solid tumors, 
including breast cancer, but with little success28-30. A possible explanation for these 
negative results can be derived from our data. In two ER+ breast cancer cell lines, 
1H7 (a selective antibody against IGF-1R), was not able to block downstream PI3K/
MAPK signaling or tumor cell proliferation, unlike the dual IGF-1R/InsR inhibitor 
linsitinib. This suggests that binding to IGF-1R alone is not sufficient for an anti-
tumor response and that the PI3K/MAPK pathway may remain activated in tumor 
cells possibly by activation via the insulin receptor. A previous preclinical study 
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supports our finding that inhibition of both IGF-1R and InsR is necessary for an 
anti-tumor response31. Unfortunately, clinical trials in a variety of advanced cancer 
types have failed to demonstrate adequate anti-tumor activity of linsitinib32-34. Our 
data suggest that only a subset of postmenopausal ER+ breast cancer patients might 
have more benefit from adjuvant tamoxifen to which linsitinib is added, namely 
those characterized by PI3K/MAPK pathway activation in the presence of IGF-1R. 
Naturally, the latter should be validated in an independent prospective randomized 
clinical trial.

Future perspectives

Besides ER, PR and HER2, none of the IHC markers identified previously or described 
in this thesis have proven value for choice of treatment in patients presenting with 
primary breast cancer. Several factors need to be taken into account before a marker 
or test can be implemented into clinical practice35.

First, one must consider the analytic validity of a test. In the case of IHC, most 
producers carry out a variety of validations, such as Western blot, to check whether 
the antibody is specific for the protein of interest. In practice this is not always the 
case, because of which scorings may not be reliable. Further, phospho-proteins 
may degrade in FFPE material when tumor material is not handled correctly36. For 
instance, phospho-protein scorings were shown to be lower in surgical excision 
specimens compared to matched core biopsies, likely due to differences in tissue 
size and fixation duration37-39. It has been recognized for larger tissue specimens 
that phosphatase, the enzyme degrading phospho-groups from proteins, can still 
be active in ischemic tissue36,40. However, our laboratory has validated the staining 
procedure for all antibodies in comparable tissues with reassuring results41,42. 
Additional analyses for age of the tumor samples of the IKA trial and different 
fixation procedures among participating sites showed no effect on the phospho-
protein expression levels41. In addition, there should be a universal scoring system 
with an inter-observer variability within appropriate margins for a proper analytical 
validity, which can be checked by calculating the kappa coefficient43. One can 
even imagine that in future, scoring of IHC images will be standardized by using a 
computerized online program.

Second, the identified marker should have clinical usefulness in such a way 
that it discriminates high-risk from low-risk patients in case of a prognostic marker, 
or patients with different disease sensitivities to a specific treatment in case of 
a predictive marker. Our classification tool described in Chapter 2 to identify 
high-risk postmenopausal patients with primary ER+/HER2- breast cancer that do 
not benefit from adjuvant tamoxifen should first be validated in an independent 



195

Summery, General Discussion and Future Perspectives

retrospective trial cohort. A control group not receiving the treatment of interest is 
necessary to discern a marker’s predictive from a possible prognostic effect44. Two 
trials that could be used to validate our tool are the Stockholm trial45 and/or the 
National Surgical Adjuvant Breast and Bowel Project (NSABP) B-14 trial46. Further, our 
laboratory is currently investigating whether the IHC analyses combined with the 
MammaPrint 70-gene signature on tumor material of the IKA trial patients will result 
in a gene-based classifier which is able to predict which high-risk postmenopausal 
patients will not benefit from adjuvant endocrine treatment. Such a gene-based 
classifier might be easier to implement into the clinic.

Finally, for a marker to have clinical utility for treatment choice, an individual 
patient should benefit from its use either by reduction of side-effects or by 
improvement in outcome. For instance, if validation confirms the usefulness of 
our classification tool, the next step would be to investigate which drug should be 
added to adjuvant endocrine therapy in ER+/HER2- breast cancer patients without 
benefit from adjuvant tamoxifen alone.

Part II

Summary of main findings and general discussion

Chapters 5 and 6 are dedicated to patients with ER+/HER2- metastatic breast 
cancer (MBC) receiving standard everolimus plus exemestane (EVE/EXE) (Everolimus 
Biomarker Study; Eudract 2013-004120-11) to find markers that predict possible 
benefit from this type of treatment. We analyzed cell-free (cf) fDNA of plasma taken 
before first drug dosing for Next-Generation Sequencing (NGS) with molecular 
barcoding for the 10 most commonly affected genes in breast cancer to explore 
whether differences in circulating-tumor (ct) DNA characteristics would be associated 
with PFS and OS. In the same cohort, immunohistochemistry (IHC) was performed 
on primary tumour tissue and biopsies immediately taken before the start of EVE/
EXE to assess whether proteins involved in an activated PI3K and/or MAPK pathway 
[PTEN, p-AKT(Thr308), p-AKT(Ser473), p-4EBP1, p-p70S6K, p-S6RP(Ser240/244), 
p-ERK1/2 and p-S6RP(Ser235/236)] are possibly associated with PFS.

In Chapter 5 we showed that ER+/HER2- MBC patients treated with EVE/EXE 
with no or low ctDNA load in pre-treatment plasma had a prolonged PFS. We also 
found that the number of ctDNA molecules varied for different mutations detected 
within single patients. Patients with ctDNA containing ≥ 3 mutations experienced a 
shorter PFS than those with fewer mutations.

The inter-patient ctDNA number variances are suggestive for the existence of 
major and minor tumor cell subclones. In the course of the disease, the amount of 
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ctDNA may increase due to higher tumor burden, but also the number of specific 
mutations may increase due to the expansion of treatment-resistant minor 
subclones. This latter theory supports the finding that ESR1 mutations in ctDNA 
are generally found in MBC patients after exposure to aromatase inhibitors and 
that these mutations predict aromatase inhibitor resistance47. Another proof is the 
fact that in lung cancer patients ctDNA profiling revealed mutational heterogeneity 
between pre- and post-treatment samples with the type of mutations depending 
on the previous given chemotherapy48. It has long been recognized that cancer 
cells within a tumor are not genetically homogenous and that tumor heterogeneity 
plays an important role in treatment resistance49. This knowledge underlines 
the importance of further research whether monitoring ctDNA in the course of 
treatment is of value for clinicians to promptly act on expanding, possibly treatment-
resistant subclones.

Shorter PFS and OS in ER+/HER2- MBC patients on EVE/EXE was characterized 
by high numbers of ctDNA molecules and multiple specific mutations as described 
in Chapter 5. Possible explanations for a worse outcome in the presence of high 
ctDNA levels might be that this reflects higher tumor burden, while the presence of 
different mutations might point towards the development of treatment-resistant 
clones as described above. The relationship between ctDNA and prognosis has 
been studied before. In a recent meta-analysis, Lee et al.50 have reported that the 
ctDNA mutation rate measured in plasma of breast cancer patients, unselected 
for subtype, predicts disease recurrence and unfavorable OS outcome. In a small 
number of 26 MBC patients, Dawson et al.51 have shown that increasing levels of 
ctDNA were associated with a worse prognosis as well as with progressive disease. In 
our cohort, high pre-treatment ctDNA levels are, therefore, likely a prognostic factor 
for poor OS, since simultaneous comparison with a cohort receiving exemestane 
alone is lacking. It would be interesting to analyze ctDNA levels at sequential time-
points during treatment and assess whether changes are associated with clinical 
outcome on EVE/EXE.

In Chapter 6 IHC analyses in primary breast cancer samples showed that 
single proteins were not suitable to indicate which ER+/HER2- MBC patients might 
have benefit from EVE/EXE. Hierarchical clustering of five PI3K-pathway associated 
proteins was also not useful to predict a long PFS. Preliminary analysis demonstrated 
upregulation of several phosphorylated proteins involved in the PI3K and/or MAPK 
pathway in pre-treatment biopsies compared to primary tumor tissues, where an 
increase in p-4EBP1 expression appeared to be associated with shorter PFS.

In Chapter 6, we were able to obtain 21 pre-treatment biopsies and showed 
that upregulation of p-4EBP1 as compared to staining results in primary tumor 
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tissue was associated with a worse PFS on EVE/EXE. 4EBP1 is an inhibitory protein 
downstream in the PI3K pathway that, when inactive, competes with eIF4F for the 
same binding site of eIF4E52,53. When 4EBP1 becomes activated by phosphorylation, 
it dissociates from eIF4E by which a complex of eIF4E and eIF4F can be formed 
resulting in RNA translation. For that reason, p-4EBP1 is considered to be a read-out 
of an activated PI3K pathway and might indicate the presence of acquired endocrine 
resistance54-56. This may also explain the significant association between upregulation 
of p-4EBP1 and shorter PFS found in Chapter 6, since all our patients were pre-
treated with one or more lines of endocrine treatment. A trend for a worse PFS in 
patients with high p-4EBP1 was already observed in the results from IHC staining 
in primary tumor tissues, suggestive of p-4EBP1 being a prognostic marker. Due to 
the small number of patients and the lack of a control group in our study, no definite 
conclusions can be drawn whether p-4EBP1 or its upregulation is indeed associated 
with prognosis and whether it is useful as a marker for potential EVE/EXE benefit.

Median PFS was 5.3 months in the Everolimus Biomarker Study cohort in 
Chapters 5 and 6. This is shorter than the 7.8 months assessed by investigators 
in the BOLERO-2 study57 and the 8 months in the study of Moscetti et al58. Less 
stringent in- and exclusion criteria are required in a general population of patients 
being candidates for EVE/EXE. Therefore, our patients might represent a cohort 
with worse prognostic factors better reflecting daily clinical practice. For instance, 
more patients in our study received palliative chemotherapy as compared to those 
in the BOLERO-2 (50% vs 26%, respectively), while the BOLERO-2 study57 and the 
study from Moscetti and colleagues58 contained more patients with an ECOG status 
of 0 or with bone only disease. In the 4EVER trial, a PFS similar to ours of 5.6 months 
was demonstrated59. In that study, inclusion criteria were more similar to our study. 
Importantly, the PFS presented in our Everolimus Biomarker Study was still longer 
than the PFS of 3.2 months of patients treated with placebo plus exemestane in the 
BOLERO-2 study and, therefore, still demonstrates the effectiveness of EVE/EXE in 
MBC patients eligible for this type of treatment.

Everolimus can be accompanied by substantial side-effects forcing the patient 
and its clinician to (temporarily) adjust the dose or to discontinue treatment, 
limiting the anti-cancer effect. In Chapter 5, we reported that the most common 
adverse events (AEs) suspected to be related to everolimus were infection (17.5%), 
oral mucositis (12.3%), weight loss (7.8%), pneumonitis (6.0%) and rash (4.7%). As 
expected, safety data regarding EVE/EXE reported by us were comparable with the 
data of the BOLERO-2 in which the most common all grade AEs in the EVE/EXE group 
were stomatitis, rash, cough and weight loss57. In our study, one patient died due to 
everolimus-related pneumonitis during the follow-up period of 28 days. Pneumonitis 
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is a potentially lethal side-effect of everolimus60. In the BOLERO-2 study, 9% of 
participating patients suffered from non-infectious pneumonitis grade 2 or higher, 
but no related deaths were reported57. In the BALLET study, a phase IIIb expanded-
access multicenter trial evaluating the safety of EVE/EXE in a patient population 
comparable with the BOLERO-2, two pneumonitis-related deaths were mentioned61. 
Treatment with EVE/EXE obliges physicians to be aware of pulmonary complaints as 
symptoms from potentially lethal non-infectious pneumonitis requiring (temporary) 
withdrawal of everolimus.

Future perspectives

In Part II we sought for markers to select patients with a lower chance on benefit 
from EVE/EXE, that might be spared relatively toxic treatment. With the use of 
IHC, we were not able to find applicable markers. The most promising marker was 
ctDNA characterization preceding the start of EVE/EXE. Historically, most genetic 
analyses for advanced breast cancer have been performed in primary tumor tissue. 
However, as we already discussed above, it has become increasingly clear that 
genetic differences exists between primary tumors and metastatic lesions within 
the same patient. Therefore, the use of actual tumour biopsies in clinical trials has 
increased to improve characterization of the pharmacodynamic effects of a drug, 
to understand the molecular processes involved in drug response or resistance, 
and to identify prognostic and predictive markers62. Analyzing potential markers 
in metastatic lesions is preferred over primary tissue, but new tissue material is 
difficult to obtain. This can be due to refusal of the patient because taking biopsies 
from suitable metastatic sites can come with considerable risks and discomfort, 
but also due to a location difficult to reach or sampling error. Therefore, a less 
invasive assessment of the mutational status with the use of ctDNA is preferable. 
By repeated sampling during treatment, this even enables us to assess changes in 
genetic status over time for treatment response and clonal selection evolving from 
tumor heterogeneity63. As we demonstrated in Chapter 5, ctDNA could be detected 
even with the low threshold of 2 copies of a Singe Nuclear Variant per ml plasma. 
One can, therefore, imagine that with further improvement of this technique, it can 
even be used for the detection and classification of primary cancer, the presence of 
residual tumor burden or as early sign of recurrence. However, analysis of ctDNA 
has limitations, since treatment cannot only be selected or changed on the basis of 
mutations. Future studies on liquid biopsies in cancer patients will hopefully be of 
help to detect proper markers for appropriate systemic treatments.

Suitable markers might also be detected by other methods. One of those 
promising techniques is the use of (phospho)proteomics. This method can be 
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applied to a variety of samples, such as fresh frozen tissue, formalin-fixed paraffin-
embedded tumor tissue and even blood samples64-67. Proteomics creates a link 
between genomic information and biological function through large-scale analysis 
of protein expression, protein modification and protein-protein interactions. 
Advances in key proteomic tools, such as mass spectrometry and (bio)informatics, 
provide tremendous opportunities for marker-related clinical applications. With the 
use of proteomics in breast cancer samples, novel subtype-specific and treatment-
related signatures as well as candidate protein markers can be discovered68. Since 
this technique has provided a powerful means to identify hundreds to thousands 
of proteins and protein interactions in biological samples, it might provide insight 
into oncogenesis mechanisms and possibly even contribute to the discovery of novel 
protein targets for therapeutic interventions.

Whether analysis of ctDNA characteristics or even IHC of p-4EBP1 in pre-
treatment biopsies is useful for screening patients who should not to be treated with 
EVE/EXE should be confirmed in independent validation studies. In the Everolimus 
Biomarker Study, there was no control group receiving exemestane plus placebo. 
Without this control group, it cannot be ruled out that the measured effect is 
(partially) caused by the natural course of the disease44. The difficulty is that the 
inclusion of such a control group was considered unethical, since the BOLERO-2 
study had demonstrated that PFS on EVE/EXE was superior to exemestane alone 
in all subgroups57. Therefore, we were not able to determine whether the described 
markers in Chapter 5 and 6 are useful to predict true benefit from EVE/EXE. To 
distinguish the prognostic and predictive value of our markers, our experiments 
should be reproduced in patient material of the BOLERO-2 study population.

One way to improve validation and implementation of potential markers would 
be to stratify patients according to the presence/absence of markers in prospective 
randomized trials. Fortunately, this is increasingly being applied in recent studies. 
For instance, the PALOMA 1 study69 has included patients in two separate cohorts 
based on a potential marker profile before randomization between palbociclib plus 
letrozole and letrozole alone. In one cohort patients were required to have a tumor 
with amplification of cyclin D1 (CCND1), loss of p16 (INK4A or CDKN2A), or both, 
while for the other cohort this was not required. With this approach, PFS could be 
compared between marker-positive and marker-negative subgroups and an answer 
could be formulated to the question whether these are indeed suitable markers 
for patient selection. Since markers are indispensable for patient selection for 
future treatments, upcoming randomized trials should be obligated to incorporate 
potential marker-based stratification factors.

7.
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Conclusion

Finding appropriate markers for treatment selection and implementing these into 
clinical practice is one of the major challenges for the future. It is essential to select 
the best treatment for the individual patient and avoid unnecessary side-effects 
and costs. In this thesis we have studied several potential markers in primary tumor 
tissue from patients with ER+/HER2- breast cancer to select those that might not 
have benefit from adjuvant tamoxifen. Our results show some promise, but more 
research is needed for validation and implementation into the clinic. In primary 
tumor tissue and extra biopsies from ER+/HER2- MBC patients, we were not able 
to find suitable markers to discriminate those patients that might not be the best 
candidates for EVE/EXE. Analyses of ctDNA characteristics of pre-treatment plasma 
appears to be applicable in clinical practice and might, therefore, be appropriate for 
prediction of benefit from specific treatments, such as EVE/EXE.

Based on the results in this thesis, we have added information on the tumor 
characteristics of ER+ primary breast cancer patients that do not have clear adjuvant 
tamoxifen benefit. Further, we have extended the knowledge on characteristics of 
ER+/HER2- MBC patients that have little/no benefit from EVE/EXE.
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