Repurposing of Valproic Acid and Simvastatin to potentiate first line chemotherapy regimen
in metastatic pancreatic cancer patients: from preclinical evidence to clinical testing in VESPA trial RE
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BACKGROUND KEY FINDINGS

* Patients with metastatic pancreatic ductal adenocarcinoma (PDAC) have a very poor prognosis, despite all the » In a panel of human and murine pancreatic ductal adenocarcinoma cells, we demonstrated a strong synergistic antiproliferative and pro-
improvements in cancer therapy [Lambert et al. Semin Oncol, 2021], indicating the urgent need for new treatments. apoptotic effect of valproic acid (VPA) and simvastatin (SIM) combination, either alone or plus chemotherapy. This effect was strengthened
Repurposing already-approved non-oncology medications may be a desirable approach in terms of helping to provide by a technical cross-validation carried out in the framework of the EU-funded REMEDI4ALL project.
efficacious therapeutic alternatives that are easily transferred to early clinical trials.

* In tumor models including PDAC, valproic acid (VPA), a generic low-cost anticonvulsant with histone deacetylase » Synergistic antitumor interaction was further observed as impairment of clonogenic capability as well as growth inhibition in 3D models,
(HDAC) inhibitory activity, has been shown to have anticancer characteristics when used alone [Luo D et al. such as fibroblast/tumor cell microtissues and patient derived-organoids.

Carcinogenesis, 2020] or in combination with gemcitabine [Lin T et al. JECCR, 2019].

* As we recently shown [Roca MS et al. JECCR, 2022], HDAC inhibitors have the ability to sensitize PDAC cells to » The antitumor efficacy has been confirmed in vivo in orthotopic and heterotopic xenograft pancreatic ductal adenocarcinoma models in
gemcitabine/abraxane doublet. VPA in combination with conventional chemotherapy is under investigation in different nude mice.
solid tumors, and the results generally support the viability and safety of this strategy [Avallone A et al. BMC cancer, o . . o o
2016; Budillon A et al. Ann Onc, 2018]. » Mechanistically, we also provided evidences that VPA/SIM combination regulate several protumorigenic pathways through TGF-$ and

* Originally designed to decrease cholesterol by blocking HMG-CoA reductase, statins have also shown a direct antitumor YAP signaling modulation, thus potentiating chemotherapy.
impact when used alone or in combination with chemotherapy and target treatment in a wide range of tumor models, . . . . . . .
incliuding pancreatic cancer [Gupta V et al, Cancer Lett 2018].py & g > These. findings represent the rationale for the 0.11g01ng VESPA trial (EudraC'l.“: 202.2-00415.4-63—N(.3T: 0:5821556)., a multlcent.rlc, .patlent-

* We have just demonstrated that VPA and the cholesterol-lowering drug simvastatin have a preclinical synergistic centric, open-label, proof-of-concept, "randomized phase 2 study of Valproic acid combinEd with Simvastatin and gemcitabine/nab-
anticancer interaction in metastatic prostate cancer models. Additionally, the combination therapy has the potential to paclitaxel-based regimens in untreated metastatic Pancreatic Adenocarcinoma patients,'" that has already enrolled 32 patients.
both sensitize prostate cancer cells to docetaxel and reverse docetaxel resistance. This impact has a mechanistic o ] . .
connection to the combined approach's ability to suppress the oncogene YAP and target the cancer stem cells » Overall, we proposed a novel and affordable combination therapy, based on two orally safe and generic drugs, to sensitize a widely
compartment [Iannelli F et al. JECCR, 2020]. employed first-line treatment in poor prognosis mPDAC patients.

Preclinical evidences of synergistic antitumor etfect of VPA/SIM alone or in combination with gemcitabine/taxol
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Figure 5. A. Network generated by IPA searching for known target of VPA and SIM (HDAC, HMGCR and YAP) and EMT markers (VIM and CDHI1) evidencing indirect and direct interactions between them. Migration and invasion were confirmed as .
biological function associated with this network and “Fibrosis” came out as new important function. B. Drug-induced apoptosis in patient-derived organoids measured as Caspase 3 cleavage on PDO #14 (resistant to quadruple combination) and on PDO #10 — veAssma chomotbrsy VoA
(sensitive to quadruple combination). C. Volcano Plot of differentially expressed protein between PDO #14 and #10 at basal level. Proteins upregulated are highlighted in red (241 proteins) and downregulated protein is highlighted in light blue (1 protein). D.
Heatmap of Hippo pathway proteins modulated by treatment in resistant PDO #14 and sensitive PDO #10. PDO #14 resulted less enriched in proteins belonging to Hippo pathway, and less modulated by treatment.
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METABOLOMIC PROFILING D U 1 t‘, Catt i Del S , C , IRCCS F d 1 Policlini @ cloostorsiomarier Committee to be sure to inClude Currently, metastatic PDAC (mPDAC) cancer treatment
C|RCULAT|NG CYTOK|NES AND CHEMOK|NES * nlvers% a ) attolica - S ac.ro uore) ondazione oliclimico ® siood count, Biochemistry, electrolyte, coagulation and Urinalysis t. ] 9 d t t ren-am;;:hemcmerapy_based but unfortunately, the
CIRCULATING MICRORNAS EVALUATED AND CFTDNA UIllVCI'SltaI'IO Gemelll‘ Medlcal OnCOlOgy, Rome, Italy Valproate test pa 1ents nee S) as pa le.n - outcome of this treatment is not good asitisin other  + Assess if adding t\.h'D repurposed medic.ations
PROGNOSTIC AND PREDICTIVE VALUE OF TUMOR DNA MUTATIONAL PROFILING < Ramon y Cajal Hospital and Health Research Institute (IRYCIS), ECG and echocardiography oriented outcomes, design types of cancer. Zig;i:ﬁ::;:‘x;’:‘:rms how well this
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Pharmakokinetic anlyses (only for cycle 1;2; 4 in AG regimen) / concerns and Safety assessments. of mPDAC patients. patients in the future.
Cell Culture The pancreatic cancer cell lines PANC1 ATCC, ASPC1, MiaPaca2, PANC28, 13.6pl e COLO 357, and the mouse pancreatic cancer cell lines KPC 11 e KPC 95 were maintained as monolayer cultures and cultured in Dulbecco’s modified Eagle’s medium (DMEM) containing 4.5 g/L. glucose, glutamine, and nonessential amino acids and supplemented with 10% heat- Alfredo Budillon
inactivated fetal bovine serum and penicillin (100 IU/mL)-streptomycin (100 pg/mL). BxPC3 cell line were grown in RPMI (Roswell Park Memorial Institute) supplemented with 10% fetal bovine serum (FBS, Cambrex, Belgium) heat-inactivated, 50 units/ml penicillin (Cambrex, Belgium), 500 g/ml streptomycin (Cambrex, Belgium), and glutamine 4 mM. Proliferation assay. Cell a.budillon@istitutotumori.na.it
proliferation was measured in 96-well plates in cells untreated and treated with described drugs as single agent or in combination. Cell proliferation was measured using a spectrophotometric dye incorporation assay (Sulforhodamine B). Synergism, additivity, and antagonism were quantified after an evaluation of the CI, which was calculated by the Chou-Talalay equation with CalcuSyn Alessandra Leone
software (Biosoft,Cambridge, UK). Cell proliferation of PDX-derived cell lines, 185 and 215, was measured using using Cristal Violet colorimetric assay and expressed as absorbance at 590 nm. Microtissues. PANCI cells were marked using a fluorescent probe-cell tracker and cultured as microtissues by the ULA System (PerkinElmer). Cancer cells were co-cultured with human a.leone@istitutotumori.na.it
pancreatic stellate cells in a ratio of 3:1 as described in literature (Brancato V. et al. 2020) and untreated or treated with drugs for 96h. 3D microtissues were maintained in the incubator and photographed by Opera Phenix microscope (PerkinHelmer) air objective magnification 5X. In vivo. All studies have been performed in accordance with “Directive 2010/63/EU on the protection of Antonio Avallone
Animals used for scientific purposes” and made effective in Italy by the Legislative Decree DLGS 26/2014. Female athymic nude mice (NCI-nu), which were 6- to 8-weeks old, were purchased from Envigo Laboraties (Huntingdon, UK). The mice were acclimatized in the Animal Care Facility of CROM—Centro Ricerche Oncologiche di Mercogliano. To produce pancreatic tumors, a.avallone@istitutotumori.na.it

PANCI-LUC cells were harvested from subconfluent cultures and resuspended in PBS solution. RNA-Seq protocol was perfomed as differential gene expression analysis using [llumina sequencing. Computational analysis including quality control, quantification of gene expression, and differential expression was performing at Mario Negri Institute, Milan. Patient- Derived Organoids
(PDO) . PDOs were generated from tumor surgical procedures of primitive pancreatic cancer spicemnet. Tumor tissue was processed incubating them in digestion media and plated in matrigel and treated as indicated in the figure. To monitor the sensitivity to different treatments PDO were photographed with air objective magnification 10X and scored by CellEvent Caspase 3/7 Green
(Invitrogen, Thermo Fisher Scientific). Proteomic analysis. Differentially expressed proteins by Patient-derived organoids at basal level as well as upon treatment was performed by mass spectrometry (LC-MS/MS) and quantified by Progenesis QI for proteomics v. 4.2. Data were filtered using a global FDR < 5% and only proteins with at least one unique identical peptide sequence (p-
value < 0.05) were considered identified.
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