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Background 
In the western world, breast cancer is the most prevalent cancer type in women. Approximately 75% of breast cancers are hormone receptor positive (either estrogen receptor or progesterone receptor). These hormone receptor positive breast cancer patients are usually treated with adjuvant endocrine therapy, which is raised against the growth stimulating effect of estrogens. 

Tamoxifen is the most commonly prescribed anti-estrogen.  But despite improvements in recurrence rates, still around 30 % of patients relapse and ultimately die from their disease. These patients are therefore called endocrine-resistant. It is of main importance to develop tests that can predict resistance. These tests could than be used in clinical practise to tailor therapy: patients with a test result that predicts resistance could than be treated with other (endocrine) therapy. Ideally, tests for different compounds would be available. 

Mechanisms of resistance are studied widely, but did not result in a useful predictive test in the clinic. Variation in expression of the ER could be the dominant mechanism, but also modifications of the ER. Moreover variations in expression of cofactors (proteins that assist the ER function) or the process of additional activated growth factor signaling pathways play a role. 
To test whether a certain biomarker is predictive for tamoxifen, the marker can be tested in tumor material from patients that have been treated with tamoxifen and from who we know whether they had a recurrence yes or no. But to be sure that the marker is really a predictor for response to therapy, the marker should also be tested in patients that are not treated with tamoxifen, to test whether the marker influences the natural outcome of the disease. 

Material and & Patients
Between 1982 and 1994, a randomized clinical trial, evaluating the effect of tamoxifen (1-3 years) versus nil, was conducted in the Netherlands. Around 1600, predominantly postmenopausal, patients were randomized between adjuvant tamoxifen (1-3 years) or nu adjuvant treatment after their initial surgery. We collected tumor material from  ~ 1200 of these patients. After revision by a pathologist, 740 of these could be used to test biomarkers.  

Aim 

The primary aim of this project is to identify biomarkers that can predict tamoxifen response. We will use tumor material and follow-up data of patients that participated in the above mentioned clinical trial. The final goal is to develop a test for resistance, that can be used in the clinic for tailored therapy. The following specific issues will be evaluated.

1. Activation of PI3K/Akt pathway;  upregulation of this growth factor pathway (by mutations) might stimulate the growth of the breast cancer cell independent of estrogens. The presence of mutations in PIK3CA will be studied in tumor tissue.  

2. Genetic variation in CYP450 enzymes; these enzymes are involved in tamoxifen metabolisms. Variation in the genes that encode these enzymes can be defined in tumor tissue.

3. Expression of NCOA2  (one of the cofactors for the ER); this can be analyzed with a staining that uses an antibody raised against this protein. 

4. Modifications of the ER; a staining with an antibody raised against serine104/106  of the ER and a staining with an antibody raised against phospho-serine118 of the ER will be used

5. Methylation of CDK10 promotor en and cyclineD1 expression; these markers are involved in regulation of the cell cycle. 

Progress jan-dec  2011 

A tissue microarrays (TMA) was constructed using tumor material from 740 patients who participated in the trial. This means that very small tissue pieces of tumors are embedded in one paraffin block. In this way staining of tumor tissue can be done for many tumors at the same time. We have isolated and purified DNA from the tumor blocks of all the patients.
1. Activation of PI3K/Akt pathway;  The presence of mutations in the PIK3CA gene (both exon 9 and exon 20) has been assessed with PCR and sequencing. We have found that patients with a mutation in exon 20 do not respond differently to endocrine therapy than patients without a mutation. We did not have enough power to test the predictive value of exon 9 mutations, since adequate PCR and sequencing for this mutation could only be done in ~400 patients. We therefore developed an assay using Sequenome iplex technique, which can detect mutations in both exons. Analyzing the first ~200 tumors with this method revealed that this method is more sensitive to detect mutations and can even detect a mutation when it’s expressed in only 10% of the tumor cells. Therefore we are currently testing all the tumor samples with this method. In addition to the analysis of PI3K mutations, we have stained the TMA with antibodies against phosphorylated (activated) proteins in the PI3K pathway, like p-AKT, p-mTOR, p-S6K, p-RPS6. We observed that patients with tumors with an activated PI3K pathway have a favorable outcome without adjuvant systemic treatment, but do not respond to tamoxifen.  This is a highly clinical relevant observation, since a substantial part of the patients that are currently being treated with tamoxifen, will have tumors with an activated PI3K pathway and are therefore not sensitive to this treatment. 
As soon as the data from the Sequenome analysis will be available for all patients in our series, the final analysis of the correlation between PIK3CA mutation status and the PI3K proteins and the relation with tamoxifen benefit will be performed. We expect that the manuscript will be finished end of January 2012.  

We have found a correlation between activation of the PI3K pathway and IGF-1R expression. However IGF-1R expression itself was not predictive for tamoxifen resistance. We are currently optimizing staining methods for antibodies against phosphorylated IGF-1R as well as some other PI3K proteins like 4E-BP1. 

2. Genetic variation in CYP450 enzymes: We tested the presence of common variants; CYP2D6*4, CYP2C19*2 and CYP2C19*17. It appeared that the presence or absence of either CYP2D6*4 or CYP2C19*17 did not affect tamoxifen response. However we found that patients carrying the CYP2C19*2 allele, have a worse outcome without adjuvant treatment, while they do highly benefit from tamoxifen. These CYP2C19 enzyme is also involved in catabolism of estrogens and this CYP2C19*2 variant in particularly has previously been associated with higher estrone levels and increased breast cancer risk. We hypothesize therefore that patients with the CYP2C19*2 variant are exposed to lifelong higher estrogen levels and are therefore susceptible to the development of tumors that are sensitive to estrogen inhibition. We finished a manuscript on these data, which is submitted. 
3. Expression of NCOA2:   For the NCOA2 staining, we tried several antibodies, but so far we were not able to get specific staining results. 
4. Modifications of the ER: The staining for phospho-serine118 and serine104/106 of the ER have been performed and reviewed (scored) by a pathologist. It appeared that the staining for serine104/106 did not add additional information to the traditional ER staining in predicting response to tamoxifen. We found that the staining for phospho-serine118 is not predictive for response to tamoxifen, but is a favorable prognostic factor (patients with a tumor with high levels of phospho-serine118 have less aggressive disease). In addition we stained the series with an antibody that detects the ER when it’s phosphorylated at serine 305 (ERαS305-p). A preliminary analysis showed that patients with tumors that co-express nuclear PAK1 and ERαS305-p, do not respond to tamoxifen. However since the staining for ERαS305-p is not a very clean staining and possibly does not specifically detects ERαS305-p we are currently working on purification of this antibody. 
5. Methylation of CDK10 promotor en and cyclineD1 expression; Cyclin D expression has been assessed with immunohistochemistry. Patients whose tumor express high levels of cyclin D did not significantly benefit from tamoxifen. The difference in benefit from tamoxifen with patients whose tumors express low levels of Cyclin D was borderline non-significant (p=0.08). In addition to protein expression, CCND1 copy number variation has been assessed using MLPA technique, showing similar results as seen with protein expression. However there is no golden standard for analysis of these MPLA data and this is currently being discussed together with bio-informaticians and statisticians. As soon as we have chosen the final method, final analysis will be performed and we can start writing the manuscript.   
For the prospective trial that was developed in 2010, we did not get enough financial support to be able to start the study. Since activation of the PI3K pathway appeared to be a major contributor to resistance to tamoxifen, we have focused on the development of a trial with PI3K pathway inhibitors. A study protocol for a phase I/II clinical trial with the combination of a dual mTOR/PI3K inhibitor and tamoxifen in breast cancer patients with metastatic disease has been finished. We will collaborate with cancer centers in Cambridge and Barcelona in order to be able to recruit enough patients (~250) for this trial. We are currently negotiating with different pharmaceutical industries to get access to these dual inhibitors. 

