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Dose-limiting toxicity and dose cohorts
Dose-limiting toxicity (DLT) was defined as the occurrence of a specified event during Cycle 1 that warranted a dose reduction or, that in the opinion of the Cohort Review Committee, was of potential clinical significance such that further dose escalation would expose patients to unacceptable risk. Specified events were: Grade 3/4 nausea, vomiting, and/or diarrhea, despite maximal prophylaxis and/or treatment; recurrent Grade 2/3 hyperglycemia despite appropriate treatment with an oral hypoglycemic agent (e.g. metformin) at standard doses to control hyperglycemia; and all other Grade 3/4 non-hematologic toxicities that were not easily managed or corrected by medical intervention excluding elevated alkaline phosphatase or Grade 3 aminotransferase elevations lasting < 3 days (for patients with Grade 2 aspartate aminotransferase or alanine aminotransferase > 2.5–5.0 x upper limit of normal at baseline due to liver metastasis, the DLT criterion was a doubling of the aminotransferase for ≥ 3 days). In addition to the above, the following were also considered DLTs: Grade 4 neutropenia lasting ≥ 5 days; Grade 3/4 febrile neutropenia; all other Grade 4 hematologic adverse events (AEs); inability to take 75% or more of the planned study treatment in Cycle 1 due to AEs; a study treatment delay within Cycle 1 of ≥ 7 days due to an AE; or an inability to start Cycle 2 within 14 days of planned start date due to an AE. Intra-patient dose escalation was permitted providing: the maximum toxicity during therapy was ≤ Grade 2, three patients at the next higher dose level had completed 1 cycle (28 days) without having a DLT, and there was agreement between the investigator and sponsor. Additional patients were permitted to be enrolled into established or new dose-level cohorts once the safety of previous doses had been established. Once the maximum tolerated dose (MTD) had been established, all patients remaining on study were permitted to receive the MTD. Patients with solid tumors frequently associated with alterations in the phosphatidylinositol 3-kinase pathway were permitted to be enrolled at a dose level lower than the highest dose level examined at the time of enrollment (considered by the Cohort Review Committee to be well tolerated).

Pharmacokinetic evaluations

Whole blood samples were collected at specified time points during the treatment period to assess plasma concentrations of SAR245409 and erlotinib, and were assayed using validated liquid chromatography tandem mass spectrometry methods with a lower limit of quantification of 1 ng/ml for SAR245409 and 0.5 ng/ml for erlotinib. Plasma concentrations of SAR245409 and erlotinib were used to calculate the pharmacokinetic (PK) parameters using non-compartmental analysis, in addition to real relative time values using WinNonlin Professional 5.2 (Pharsight Corp., Mountain View, CA, USA). If actual times were not available then nominal times were used. Terminal half-life associated with the terminal slope (t1/2z) was determined using the following calculation: t1/2z = 0.693/(z, where 𝜆z is the slope of the regression line of the terminal phase of the plasma concentration-time curve, on a semi-logarithmic scale. Half-life was calculated by taking the regression of at least three points.

Pharmacodynamic evaluations

Pharmacodynamic analyses were conducted under non-good laboratory practice conditions using assays validated for research purposes.
Non-invasive optional tissue (e.g. hair sheath cells) was collected both before and after erlotinib administration on Day –14 (erlotinib run-in period), as well as before and after SAR245409 administration on Days 1 and 22 of Cycle 1 and Day 1 of Cycle 2 onwards. Invasive optional non-tumor (e.g. skin) samples were collected at baseline and during Cycle 1 between Day 15 and Day 28 (post-dose); additional, invasive, optional non-tumor samples could be obtained during any other cycle between Day 15 and Day 28 (post-dose). Optional tumor samples were collected at baseline and between Day 15 and Day 28 of any cycle (post-dose); up to three optional tumor biopsies could be obtained per subject while on treatment.
Pharmacodynamic analysis of skin and tumor tissue
Cryopreserved skin and tumor biopsy samples were received frozen in OCT™ (#4583, Sakura) on dry ice and stored at –80 °C prior to sectioning. For immunofluorescence analysis, samples were serially cross-sectioned at 10 (m intervals to obtain 20 serial sections per sample. Tissue quality was assessed using hematoxylin and eosin staining. Biomarker staining was performed overnight at 4 °C using the following antibodies: phosphorylated AKTT308 (serine/threonine-specific protein kinase; CST #4056, dilution 1:200), 4EBP1T70 (4E-binding protein 1; CST #9455, dilution 1:50), EGFRY1045 (epidermal growth factor receptor; CST #2237, dilution 1:100), EGFRY1173 (used for some tumor samples; R&D #AF1095, dilution 1:400), and ERKT202/Y204 (extracellular signal-regulated kinase; CST #4376, dilution 1:50). For tumor samples, TUNEL analysis was carried out using an in situ detection kit according to the manufacturer’s instructions (Roche #11 684 817 910). Antibody-bound skin sections were incubated in goat anti-rabbit Alexa 594-conjugated secondary antibody (1:200 dilution; Molecular Probes #A11037), with 4',6-diamidino-2-phenylindole (DAPI; Invitrogen #D3571) as nuclear counterstain. For tumor sections, all protocols were carried out in a dual-probe fashion to detect phosphorylated markers and Ki67 nuclear antigen (Vector, #VP-K452, clone MM1, dilution 1:100) to delineate tumor versus normal tissue compartments. Antibody-bound tumor sections were incubated in goat anti-rabbit and goat anti-mouse Alexa 488-conjugated secondary antibody (1:200 dilution; Molecular Probes #A11037 and #A11032) with DAPI (Invitrogen #D3571) as nuclear counterstain. Following staining, up to 12 (skin) or 16 (tumor) non-overlapping representative fields were captured at 400x magnification using an AxioImager A1 microscope equipped with 40x/0.95 Corr Plan-Apochromat objective and high resolution AxioCam MRm camera using Axiovision software (Zeiss, Thornwood, NY).
Digital images of the epidermal cell layer (skin) or tumor cell area were quantified using a MetaMorph-based strategy (Molecular Devices), or for tumors only, using an automated approach based on Definiens XD Ecognition. Tumor cells were delineated from normal tissue compartments using the higher proliferative index of tumor cells (Ki67) as a guide (Metamorph), or proliferative rate (Ki67) and cell/nuclear shape (Definiens). Individual images were analyzed using automated macros (MetaMorph journals) or rule sets (Definiens) to enable quantification of fluorescently labeled cellular components. The following parameters were calculated: protein expression = target protein pixel area/DAPI pixel area (%); protein abundance = Σ intensity of target pixels/target pixel area (intensity/pixel); normalized intensity score (for skin) = Σ intensity of target pixels x (target pixel area/DAPI pixel area) and normalized intensity score (for tumor biopsies) = Σ intensity of target pixels samples collected at screening. Mean and standard deviation values were calculated, in addition to the percentage decrease in biomarker expression for AKTT308, 4EBP1T70, pEGFRY1045, and pERKT202/Y204 from skin collected on study compared with baseline.
Statistical analysis employed two-tailed student t-test with Bonferroni adjustment to account for multiple comparisons against a single baseline sample.

PTEN analysis

Phosphatase and tensin homolog (PTEN) expression was evaluated by immunohistochemistry in formalin-fixed, paraffin-embedded tissue sections (5 (m) with anti-PTEN antibody (NCL-PTEN, clone 28H6, diluted 1:300, Novocastra Laboratories Ltd) utilizing standardized procedures. Briefly, prior to immunostaining, a microwave-based antigen retrieval step in deparaffinized tissue sections was performed in citrate buffer (Lab Vision #AP-9003) for 5 minutes. After a 20-minute cooling period, endogenous peroxidase activity was blocked for 5 minutes in KPL buffer (KPL #71-00-10). After a 30-minute incubation with CAS block (Zymed #00-8120), specimens were incubated with primary antibody overnight at 4 °C. Primary antibody was detected using the appropriate Dako EnVision System (Dako #K4001) and 3,3V-diaminobenzidine as a substrate. Slides were counterstained with hematoxylin (Richard-Allan Scientific, #7221). Each staining procedure contained a positive (IBS 03-08011 carotid metastasis) and negative immunoglobulin-G control. For each subject, PTEN staining in the non-neoplastic normal vascular endothelium and extratumoral stromal cells served as the internal positive control. PTEN-stained tumor samples were scanned using the Aperio XT digital slide scanner and analyzed using the Aperio algorithm to quantify number of positive tumor nuclei (%) and intensity score of positive tumor nuclei (using a standardized scoring scale of 0 = negative, 1 = weak, 2 = moderate, and 3 = strong, based on pixel intensities), followed by calculation of an H-score for each sample using the following formula: H-score = 1 x (% weak nuclear staining) + 2 x (% moderate nuclear staining) + 3 x (% strong nuclear staining).

To assess PTEN promoter methylation, genomic DNA was converted using the QIAGEN EpiTect Bisulfite kit and analyzed by methylation-specific polymerase chain reaction (PCR) using primers specifically designed to amplify either methylated or unmethylated sequences of the PTEN promoter.

Sequencing and copy number variation analyses
Sequencing was performed by either Exelixis or AIBioTech (Richmond, VA, USA). Samples were profiled for genetic alterations considered relevant to SAR245409 and erlotinib, namely point mutations in PIK3CA, EGFR (encoding drug targets), PTEN, v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (KRAS), proto-oncogene B-RAF, tumor-suppressor genes TP53 and liver kinase B1 (LKB1), and amplification status in PIK3CA and EGFR. Genomic DNA was extracted from manually enriched formalin-fixed, paraffin-embedded sections using the PicoPure DNA extraction kit (Molecular Devices, Sunnyvale, CA) or the modified QIAquick DNA extraction protocol. DNA quality was analyzed by gel electrophoresis. Direct Sanger sequencing, which is capable of detecting homozygous and heterozygous somatic mutations in samples with > 20% and > 40% tumor cells, respectively, was performed when feasible. All exons and adjacent splice sites for the genes of interest were amplified using nested PCR. Amplicons were subjected to Sanger sequencing and analyzed by Mutation Surveyor (Softgenetics) and manual inspection of readouts. Alternatively, when direct Sanger sequencing was not feasible, 454 sequencing was utilized. Exons and adjacent splice sites of the requested genes were amplified by regular PCR, and amplicons were sequenced using the Roche 454 FLX genome sequencer and analyzed using AVA software. A range of quality reads was recorded for each amplicon; in general, the noise level was about 1.0% of total reads, so mutations were recorded if they exceeded a 3.0% threshold. Identified mutations were confirmed by independent PCR amplification and Sanger sequencing.
For copy number variation analyses, EGFR (on chromosome 7), MET (on chromosome 7) and PIK3CA (on chromosome 3) amplification was analyzed using real-time TaqMan PCR assays. Two control genes, albumin (on chromosome 4) and COG5 (on chromosome 7), were also tested. Contamination of tumor with normal cells might have led to an underestimate of the degree of amplification in some samples.
Statistical methodology

Descriptive statistics of plasma concentrations based on the nominal collection times and PK parameters, in addition to Day 22/Day 1 accumulation ratios (Rac) in Cycle 1 for Cmax (maximum plasma concentration observed), AUC0–12 (area under the plasma concentration versus time curve calculated using the trapezoidal method from time 0 to 12 hours post-dose) and AUC0–24 (area under the plasma concentration versus time curve calculated using the trapezoidal method from time 0 to 24 hours post-dose) (SAR245409) or Day 22/Day –14 Rac in Cycles 0 and 1 for Cmax and AUC0–24 (erlotinib), were summarized by cohort using WinNonlin Professional 5.2 (Pharsight Corp) and/or Microsoft Excel 2003 (Microsoft Corporation). Individual and mean concentration-time profiles and exposure figures were generated by SigmaPlot Version 10.0 for Windows (Systat Software Inc.). Plasma concentrations of SAR245409 and erlotinib were used to calculate PK parameters using non-compartmental analysis, in addition to real relative time values, using WinNonlin Professional 5.2 (Pharsight Corp, CA, USA). Times were rounded to four decimal places and recorded doses were used for the non-compartmental analyses. If times were not available, nominal times were used.
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