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Is There Any Room for Pharmacometrics With

Immuno-Oncology

Abstract. As part of the Pharmacology & Molecular Mechanisms (PAMM) Group, European Organization for Research and Treatment on Cancer (EORTC) 2019 winter

Meeting Educational sessions, special focus has been placed on strategies to be undertaken to reduce the attrition rate when developing immune-oncology drugs. Immune checkpoint inhibitors have been game-changing drugs in several settings over the past decade such as melanoma and lung cancer. However, during the last years a rising number of studies failing to further improve clinical outcome in patients with cancer was recorded. Extensive pharmacometrics such as pharmacokinetics/ pharmacodynamics modeling support should help to overcome the current glass ceiling that has apparently been reached with immuno-oncology drugs (IOD). In particular, it should help in the issue of setting up combinatorial regimen (i.e. combining immune checkpoint inhibitors with cytotoxics, anti-angiogenesis or targeted therapies) that can no longer be addressed when following standard trial-and-error approaches, but rather by using mathematical-derived algorithms as decision-making tools by investigators for rational design. In routine clinical setting, developing therapeutic drug monitoring of immune checkpoint inhibitors with adaptive dosing strategies has been a longneglected strategy. Still, substantial improvements might be achieved using dedicated tools for precision medicine and personalized medicine in immunotherapy.

The rise of immunotherapy has fueled huge hope among oncologists, researchers and the patient community as patients with malignant diseases with a once dismal prognosis have now reached 3-year survival of 20-30% (1). However, the efficacy of anti-cytotoxic T-lymphocyte antigen 4 (CTLA4) and drugs interfering with the programmed cell death receptor 1 (PD1) and programmed cell death ligand 1 (PDL1) axis remains limited to a small subset of patients with an even more limited small subset of tumors such as metastatic melanoma and non-small cell lung cancer. In the majority of patients, disease fails to respond to immune checkpoint inhibitors (2). To help increase both response rates and eventually extend survival, combinatorial strategies, i.e. by associating immune checkpoint inhibitors with drugs likely to harnessing tumor immunity, are now seen as the future of oncology. Targeted therapies, cytotoxics, anti-angiogenic drugs and radiation therapy are all expected to turn immunologically 'cold' tumors into 'hot' tumors, e.g. by triggering immunogenic cell death or by affecting the tumor micro-environment. For instance, combining anti-PDL1 atezolizumab with nab-paclitaxel nano-conjugated drug led to marked improvement of clinical outcome in patients with triple-negative breast cancer (3), much probably because of the wide range of immunomodulatory properties nanoparticles display (4). However, as for single-agent immunotherapy, many recent attempts based upon multi-drug association have not managed to yield convincing results. For instance, combining anti-indoleamine 2,3-dioxygenase (IDO) epacadostat with anti-PD1 pembrolizumab failed to improve clinical outcome of patients with lung cancer in phase III trial despite promising phase I and II studies [START_REF] Long | Epacadostat (E) plus pembrolizumab (P) versus pembrolizumab alone in patients (pts) with unresectable or metastatic melanoma: Results of the phase 3 ECHO-301/KEYNOTE-252 study[END_REF]. Similarly, attempts to combine atezolizumab with 5-fluorouracil and vascular endothelial growth factor A bevacizumab in patients with colorectal cancer had to be stopped because of lack of efficacy [START_REF] Grothey | Fluoropyrimidine and bevacizumab plus or minus atezolizumab as first-line treatment for BRAF wild-type metastatic colorectal cancer: Findings from the MODUL trial of biomarker-driven maintenance[END_REF]. Elsewhere, combinatorial strategies between anti-PD1 and radiation therapy based upon expected abscopal effects were similarly disappointing [START_REF] Mcbride | A phase II randomized trial of nivolumab with stereotactic body radiotherapy (SBRT) versus nivolumab alone in metastatic (M1) head and neck squamous cell carcinoma (HNSCC)[END_REF]. For these negative studies, a commonality is the apparent lack of rationale when setting up the combination as all treatments were given concomitantly, regardless of any sequencing effect, plus a complete lack of pharmacokinetic support that could help in checking that required plasma drug levels are reached in patients.

When Trial-and-Error Practices Are No Longer Suitable

Harnessing tumor immunity with standard treatments is an appealing strategy. However, defining the exact dosing, scheduling and sequencing of each respective drug to be associated with immune checkpoint inhibitors is a complicated, yet largely underestimated when not merely ignored task. For instance, cytotoxics can act as immunomodulatory agents though a wide variety of actions, ranging from triggering immunogenic cell death to reengineering the tumor micro-environment or modulating the 'gas' (activated T-lymphocytes, dendritic cells, antigenpresenting cells) and 'brake' (regulatory T-cells, myeloidderived suppressive cells (MDSCs) pedals. Of note, the primary action of cytotoxics seems to be drug-, dose-and schedule-dependent. For instance, standard chemotherapy is expected to increase expression of neoantigens and to boost infiltration of T-lymphocytes, whereas metronomic chemotherapy might have action specifically directed towards regulatory T-cells and MDSCs [START_REF] Kepp | Molecular determinants of immunogenic cell death elicited by anticancer chemotherapy[END_REF]. Consequently, extensive efforts to understand the optimal modality of drug administration are necessary prior to setting up a combination with IOD. For instance, with oral targeted therapies it has been demonstrated that slight changes in scheduling between anti-CD4/6 and anti-PDL1 was sufficient to lead to marked changes in antitumor efficacy in mice, highlighting how the combination required fine tuning [START_REF] Schaer | The CDK4/6 inhibitor abemaciclib induces a T-cell inflamed tumor microenvironment and enhances the efficacy of PD-L1 checkpoint blockade[END_REF]. The situation is even trickier when considering that, in theory, for combinatorial strategies requiring more than two drugs to be associated, testing all the sequences possible between one cytotoxic, one targeted therapy, one antiangiogenic, and one immune checkpoint inhibitor plus radiation therapy would require a 120-arm comparative study. Because such a requirement is not achievable, developing in-silico tools to investigate the countless combination between drugs, doses, schedule and sequences seems to be the best way to determine at low cost the best modality of association prior to starting the actual clinical investigations [START_REF] Barbolosi | Computational oncology--mathematical modelling of drug regimens for precision medicine[END_REF]. For instance, several models have been published to test in-silico metronomic regimens so as to define the best combination between dosing, frequency and treatment duration [START_REF] Barbolosi | Metronomics chemotherapy: time for computational decision support[END_REF][START_REF] Benzekry | Metronomic reloaded: Theoretical models bringing chemotherapy into the era of precision medicine[END_REF]. After validation in an animal model [START_REF] Ciccolini | Pharmacokinetics and pharmacodynamics-based mathematical modeling identifies an optimal protocol for metronomic chemotherapy[END_REF], the mathematical algorithm was used to drive a phase I/II clinical trial in patients with lung cancer [START_REF] Barlesi | Mathematical modeling for phase I cancer trials: A study of metronomic vinorelbine for advanced non-small cell lung cancer (NSCLC) and mesothelioma patients[END_REF]. Using such model-informed dosing might help to better combine metronomic chemotherapy with immune checkpoint inhibitors, as empirical attempts such as low-dose cyclophosphamide/prembrolizumab for patients with sarcoma, have failed to produce convincing results [START_REF] Toulmonde | Use of PD-1 targeting, macrophage infiltration, and IDO pathway activation in sarcomas: A phase 2 clinical trial[END_REF].

Are Pharmacokinetic/Pharmacodynamic (PK/PD) Relationships the Missing Biomarker with Immunotherapy?

IOD are all monoclonal antibodies displaying specific behavior in the body [START_REF] Centanni | Clinical pharmacokinetics and pharmacodynamics of immune checkpoint inhibitors[END_REF]. For a long time, PK/PD relationships for biologics were largely ignored, until a rising number of clinical reports demonstrated that exposure levels (mostly through concentrations in plasma) with trastuzumab (anti-human epidermal receptor) [START_REF] Cosson | Population pharmacokinetics and exposure-response analyses of trastuzumab in patients with advanced gastric or gastroesophageal junction cancer[END_REF], cetuximab (antiepidermal growth factor receptor) [START_REF] Becher | A simple and rapid LC-MS/MS method for therapeutic drug monitoring of cetuximab: a GPCO-UNICANCER proof of concept study in head-and-neck cancer patients[END_REF], rituximab (anti-CD20) [START_REF] Tout | Rituximab exposure is influenced by baseline metabolic tumor volume and predicts outcome of DLBCL patients: A Lymphoma Study Association report[END_REF], and bevacizumab (anti-vascular endothelial growth factor) [START_REF] Caulet | Bevacizumab pharmacokinetics influence overall and progression-free survival in metastatic colorectal cancer patients[END_REF] were associated with response or survival. Actually, it seems that ensuring a sustained 80% targeted engagement is necessary to achieve clinical efficacy, i.e. antibodies must always remain above a certain threshold of plasma concentration to inhibit the target. With immune checkpoint inhibitors, similar exposure-effect relationships have been demonstrated with anti-CTLA4 ipilimumab, and residual concentrations were found to be associated with both survival and toxicity in patients with metastatic melanoma. Similar association between exposure levels and clinical outcome was evidenced with anti-PDL1 avelumab [START_REF] Heery | Avelumab for metastatic or locally advanced previously treated solid tumours (JAVELIN Solid Tumor): A phase 1a, multicohort, dose-escalation trial[END_REF]. With anti-PD1 nivolumab, it was first proposed that PK/PD relationships were flat because low doses (i.e. much lower than approved dosing) were sufficient to inhibit >70% of PD1; however, this was shown by measuring PD1 engagement in circulating T-lymphocytes, and not at the tumor level as expected [START_REF] Topalian | Safety, activity, and immune correlates of anti-PD-1 antibody in cancer[END_REF]. Therefore, the actual PK/PD relationships with nivolumab at the tumor site remain unknown. Of note, a recent clinical study showed that trough levels of nivolumab were associated with response in patients with non-small cell lung cancers, thus suggesting that pharmacokinetics might be a critical parameter when predicting clinical outcome [START_REF] Basak | Correlation between nivolumab exposure and treatment outcomes in non-small-cell lung cancer[END_REF]. Overall and although clinical reports are sparse, this calls for implementing therapeutic drug monitoring strategies with IOD so as to check whether exposure levels ensuring a good probability of response are reached in patients, as causes for inter-individual variability remain largely unknown for use of biologics [START_REF] Keizer | Clinical pharmacokinetics of therapeutic monoclonal antibodies[END_REF]. Should patients be inadequately exposed, adaptive dosing (i.e. using Bayesian-based procedures and population approaches) should be undertaken to correct exposure.

Conclusion

The era of immunotherapy has fueled huge expectations that remain partially unfulfilled because only a minority of patients have long-term benefit of the use of immune checkpoint inhibitors. Pharmacometrics might partly help to improve current clinical outcomes through a better definition of combinatorial strategies and development or adaptive dosing if required.
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