1. Background and Experimental Rationale:
         
[bookmark: _Hlk89774217]           Cancer is one of the most common causes of death and its incidence is increasing rapidly worldwide. Treatment options in oncology have dramatically expanded in the past two decades, especially in the fields of targeted and immunotherapy. In the era of precision medicine, studies are aiming to design patient-tailored treatment strategies that will assure improved and individual response to treatment, prolonged survival and lower drug toxicity. 
[bookmark: _GoBack]           The list of targeting drugs is growing every year with drugs directed against different targets such as epidermal growth factor receptor (EGFR), anaplastic lymphoma kinase (ALK), BRAF/MEK, HER2, RAS, BRCA1. NTRK, PIK3CA, ROS1 and more (Johnston et al., 2020; Jørgensen, 2021; Kopetz et al., 2019; Miller et al., 2009). The traditional pharmacogenomics-based precision medicine approach, is based on targeted genetic panels and immunohistochemistry to identify mutations to match the drug to the patient, this approach is helpful for about a third of cancer patients that have mutations that are targetable or predict drug response (Cooks et al., 2019; Hirshfield et al., 2016; Johnston et al., 2020; Jørgensen, 2021; Loree et al., 2017; Pauli et al., 2017; Rodon et al., 2019; Tourneau et al., 2015; You et al., 2019). Yet patients treated with targeted drugs do not always respond, in one study of hard to treat advanced cancers only 33% of patients saw an improvement in clinical outcomes, which means that the majority did not. In another study on patients that were treated with drugs that targeted TRK gene fusions, only 55% had progression free survival at one year (McKenzie et al., 2019).  We must look beyond the approach of targeted panels to determine treatment protocols.
Likewise the field of immunotherapy has been flourishing including immunomodulatory monoclonal antibodies, checkpoint inhibitors, and CAR T cell therapies (André et al., 2020; Johnston et al., 2020; Kalyan et al., 2018; Miller et al., 2009).  One challenge in immunotherapy is that only a minority of patients respond (REF).  In addition there is a risk of severe auto immune toxicity with immune therapy(Barnet et al., 2018). HERE write about challenges in immunotherapy
          In light of the challenge to predict tumor drug response for the individual patients,  there has been an interest in using functional assays (Foo et al., 2022; Morand du Puch et al., 2021).  There are a number of different 2D and 3D models that aim to recapitulate the conditions of the tumor and provide a feasible model for high throughput drug testing. The main approaches include patient derived tumor spheroids, organoids and explants or slices (Campaner et al., 2020; Grinshpun et al., 2018; Halfter and Mayer, 2017; Majumder et al., 2015; Narasimhan et al., 2020; Pauli et al., 2017; Sachs et al., 2018; Shuford et al., 2019; Vlachogiannis et al., 2018).  These are currently being implemented in clinical trials around the world and are even marketed to patients in labs with regulatory approval including CLIA and CE Mark (Foo et al., 2022; Narasimhan et al., 2020; Zhang et al., 2018)  
The organoid model has many benefits(REF), Yet, it does not yet fully integrate the tumor microenvironment which has been shown to be central for tumor response (Neal et al., 2018; Prahallad et al., 2012; Votanopoulos et al., 2020).  In this proposal we plan to characterize the tumor microenvironment including stromal cells, endothelial cells and immune cells and integrate its components into the organoid system.
Another limitation of the current organoid model is its dependence on surgical resections or biopsies.  Yet, in many cases of metastatic or advanced cancer surgery is not standard protocol and tissue is limited.  In this study we will explore alternative sources of cancer cells including pleural and peritoneal effusions, and blood in addition to surgical resections and biopsies (McKenzie et al., 2019).  We will characterize the cells found in these samples and calibrate organoid models. These models will be an important part of a comprehensive approach which includes molecular mapping via omics analysis. We will combine the functional and omics analysis to create a platform for precision cancer treatment.  In the last stages of our research we will study the correlation between the in vitro studies and the clinical outcomes of the patient.  




André, T., Shiu, K.-K., Kim, T.W., Jensen, B.V., Jensen, L.H., Punt, C., Smith, D., Garcia-Carbonero, R., Benavides, M., Gibbs, P., et al. (2020). Pembrolizumab in Microsatellite-Instability-High Advanced Colorectal Cancer. N Engl J Med 383, 2207–2218. https://doi.org/10.1056/NEJMoa2017699.
Barnet, M.B., Cooper, W.A., Boyer, M.J., and Kao, S. (2018). Immunotherapy in Non-Small Cell Lung Cancer: Shifting Prognostic Paradigms. J Clin Med 7. https://doi.org/10.3390/jcm7060151.
Campaner, E., Zannini, A., Santorsola, M., Bonazza, D., Bottin, C., Cancila, V., Tripodo, C., Bortul, M., Zanconati, F., Schoeftner, S., et al. (2020). Breast Cancer Organoids Model Patient-Specific Response to Drug Treatment. Cancers (Basel) 12, E3869. https://doi.org/10.3390/cancers12123869.
Cooks, T., Theodorou, S.D., Paparouna, E., Rizou, S.V., Myrianthopoulos, V., Gorgoulis, V.G., and Pateras, I.S. (2019). Immunohisto(cyto)chemistry: an old time classic tool driving modern oncological therapies. Histol Histopathol 34, 335–352. https://doi.org/10.14670/HH-18-069.
Foo, M.A., You, M., Chan, S.L., Sethi, G., Bonney, G.K., Yong, W.-P., Chow, E.K.-H., Fong, E.L.S., Wang, L., and Goh, B.-C. (2022). Clinical translation of patient-derived tumour organoids- bottlenecks and strategies. Biomark Res 10, 10. https://doi.org/10.1186/s40364-022-00356-6.
Grinshpun, A., Gavert, N., Granit, R.Z., Masuri, H., Ben-Porath, I., Breuer, S., Zick, A., Rosenberg, S., Maoz, M., Granit, A., et al. (2018). Ev vivo organ culture as potential prioritization tool for breast cancer targeted therapy. Cancer Biol. Ther. 19, 645–648. https://doi.org/10.1080/15384047.2018.1450114.
Halfter, K., and Mayer, B. (2017). Bringing 3D tumor models to the clinic - predictive value for personalized medicine. Biotechnol J 12. https://doi.org/10.1002/biot.201600295.
Hirshfield, K.M., Tolkunov, D., Zhong, H., Ali, S.M., Stein, M.N., Murphy, S., Vig, H., Vazquez, A., Glod, J., Moss, R.A., et al. (2016). Clinical Actionability of Comprehensive Genomic Profiling for Management of Rare or Refractory Cancers. Oncologist 21, 1315–1325. https://doi.org/10.1634/theoncologist.2016-0049.
Johnston, K.M., Sheffield, B.S., Yip, S., Lakzadeh, P., Qian, C., and Nam, J. (2020). Comprehensive genomic profiling for non-small-cell lung cancer: health and budget impact. Curr Oncol 27, e569–e577. https://doi.org/10.3747/co.27.5995.
Jørgensen, J.T. (2021). Oncology drug-companion diagnostic combinations. Cancer Treat Res Commun 100492. https://doi.org/10.1016/j.ctarc.2021.100492.
Kalyan, A., Kircher, S., Shah, H., Mulcahy, M., and Benson, A. (2018). Updates on immunotherapy for colorectal cancer. J Gastrointest Oncol 9, 160–169. https://doi.org/10.21037/jgo.2018.01.17.
Kopetz, S., Grothey, A., Yaeger, R., Van Cutsem, E., Desai, J., Yoshino, T., Wasan, H., Ciardiello, F., Loupakis, F., Hong, Y.S., et al. (2019). Encorafenib, Binimetinib, and Cetuximab in BRAF V600E-Mutated Colorectal Cancer. N Engl J Med 381, 1632–1643. https://doi.org/10.1056/NEJMoa1908075.
Loree, J.M., Kopetz, S., and Raghav, K.P.S. (2017). Current companion diagnostics in advanced colorectal cancer; getting a bigger and better piece of the pie. J Gastrointest Oncol 8, 199–212. https://doi.org/10.21037/jgo.2017.01.01.
Majumder, B., Baraneedharan, U., Thiyagarajan, S., Radhakrishnan, P., Narasimhan, H., Dhandapani, M., Brijwani, N., Pinto, D.D., Prasath, A., Shanthappa, B.U., et al. (2015). Predicting clinical response to anticancer drugs using an ex vivo platform that captures tumour heterogeneity. Nat Commun 6, 6169. https://doi.org/10.1038/ncomms7169.
McKenzie, A.J., H Dilks, H., Jones, S.F., and Burris, H. (2019). Should next-generation sequencing tests be performed on all cancer patients? Expert Rev. Mol. Diagn. 19, 89–93. https://doi.org/10.1080/14737159.2019.1564043.
Miller, A.M., Munkonge, F.M., Alton, E.W.F.W., and Dean, D.A. (2009). Identification of protein cofactors necessary for sequence-specific plasmid DNA nuclear import. Mol. Ther. 17, 1897–1903. https://doi.org/10.1038/mt.2009.127.
Morand du Puch, C.B., Vanderstraete, M., Giraud, S., Lautrette, C., Christou, N., and Mathonnet, M. (2021). Benefits of functional assays in personalized cancer medicine: more than just a proof-of-concept. Theranostics 11, 9538–9556. https://doi.org/10.7150/thno.55954.
Narasimhan, V., Wright, J.A., Churchill, M., Wang, T., Rosati, R., Lannagan, T.R.M., Vrbanac, L., Richardson, A.B., Kobayashi, H., Price, T., et al. (2020). Medium-throughput Drug Screening of Patient-derived Organoids from Colorectal Peritoneal Metastases to Direct Personalized Therapy. Clin Cancer Res 26, 3662–3670. https://doi.org/10.1158/1078-0432.CCR-20-0073.
Neal, J.T., Li, X., Zhu, J., Giangarra, V., Grzeskowiak, C.L., Ju, J., Liu, I.H., Chiou, S.-H., Salahudeen, A.A., Smith, A.R., et al. (2018). Organoid Modeling of the Tumor Immune Microenvironment. Cell 175, 1972-1988.e16. https://doi.org/10.1016/j.cell.2018.11.021.
Pauli, C., Hopkins, B.D., Prandi, D., Shaw, R., Fedrizzi, T., Sboner, A., Sailer, V., Augello, M., Puca, L., Rosati, R., et al. (2017). Personalized In Vitro and In Vivo Cancer Models to Guide Precision Medicine. Cancer Discov 7, 462–477. https://doi.org/10.1158/2159-8290.CD-16-1154.
Prahallad, A., Sun, C., Huang, S., Di Nicolantonio, F., Salazar, R., Zecchin, D., Beijersbergen, R.L., Bardelli, A., and Bernards, R. (2012). Unresponsiveness of colon cancer to BRAF(V600E) inhibition through feedback activation of EGFR. Nature 483, 100–103. https://doi.org/10.1038/nature10868.
Rodon, J., Soria, J.-C., Berger, R., Miller, W.H., Rubin, E., Kugel, A., Tsimberidou, A., Saintigny, P., Ackerstein, A., Braña, I., et al. (2019). Genomic and transcriptomic profiling expands precision cancer medicine: the WINTHER trial. Nature Medicine 25, 751–758. https://doi.org/10.1038/s41591-019-0424-4.
Sachs, N., de Ligt, J., Kopper, O., Gogola, E., Bounova, G., Weeber, F., Balgobind, A.V., Wind, K., Gracanin, A., Begthel, H., et al. (2018). A Living Biobank of Breast Cancer Organoids Captures Disease Heterogeneity. Cell 172, 373-386.e10. https://doi.org/10.1016/j.cell.2017.11.010.
Shuford, S., Wilhelm, C., Rayner, M., Elrod, A., Millard, M., Mattingly, C., Lotstein, A., Smith, A.M., Guo, Q.J., O’Donnell, L., et al. (2019). Prospective Validation of an Ex Vivo, Patient-Derived 3D Spheroid Model for Response Predictions in Newly Diagnosed Ovarian Cancer. Sci Rep 9, 11153. https://doi.org/10.1038/s41598-019-47578-7.
Tourneau, C.L., Delord, J.-P., Gonçalves, A., Gavoille, C., Dubot, C., Isambert, N., Campone, M., Trédan, O., Massiani, M.-A., Mauborgne, C., et al. (2015). Molecularly targeted therapy based on tumour molecular profiling versus conventional therapy for advanced cancer (SHIVA): a multicentre, open-label, proof-of-concept, randomised, controlled phase 2 trial. The Lancet Oncology 16, 1324–1334. https://doi.org/10.1016/S1470-2045(15)00188-6.
Vlachogiannis, G., Hedayat, S., Vatsiou, A., Jamin, Y., Fernández-Mateos, J., Khan, K., Lampis, A., Eason, K., Huntingford, I., Burke, R., et al. (2018). Patient-derived organoids model treatment response of metastatic gastrointestinal cancers. Science 359, 920–926. https://doi.org/10.1126/science.aao2774.
Votanopoulos, K.I., Forsythe, S., Sivakumar, H., Mazzocchi, A., Aleman, J., Miller, L., Levine, E., Triozzi, P., and Skardal, A. (2020). Model of Patient-Specific Immune-Enhanced Organoids for Immunotherapy Screening: Feasibility Study. Ann Surg Oncol 27, 1956–1967. https://doi.org/10.1245/s10434-019-08143-8.
You, Y.N., Borras, E., Chang, K., Price, B.A., Mork, M., Chang, G.J., Rodriguez-Bigas, M.A., Bednarski, B.K., Meric-Bernstam, F., and Vilar, E. (2019). Detection of Pathogenic Germline Variants Among Patients With Advanced Colorectal Cancer Undergoing Tumor Genomic Profiling for Precision Medicine. Dis. Colon Rectum 62, 429–437. https://doi.org/10.1097/DCR.0000000000001322.
Zhang, Z., Wang, H., Ding, Q., Xing, Y., Xu, Z., Lu, C., Luo, D., Xu, L., Xia, W., Zhou, C., et al. (2018). Establishment of patient-derived tumor spheroids for non-small cell lung cancer. PLoS ONE 13, e0194016. https://doi.org/10.1371/journal.pone.0194016.

