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A la suite des travaux de Coley, l'immuno-oncologie a fait de nouveaux progrès avec l'observation à la fin des années 1950 de la protection contre certains cancers apportée par l'instillation du bacille de Calmette et Guérinle BCGchez la souris (6) puis par l'utilisation du même vaccin comme traitement de leucémies aiguës pédiatriques dix ans plus tard permettant d'obtenir plusieurs rémissions (7). Les instillations vésicales par le BCG sont toujours aujourd'hui un traitement de référence des tumeurs de vessie non infiltrantes (8). 

Mécanismes d'action des inhibiteurs de point de contrôle

Les principaux inhibiteurs de point de contrôle utilisés en pratique clinique sont des anticorps monoclonaux ciblant soit la protéine 1 de la mort cellulaire programmée PD-1 (Programmed cell death protein 1) ou son ligand appelé PD-L1, soit l'antigène 4 du lymphocyte T cytotoxique CTLA-4 (Cytotoxic T-lymphocyte-associated protein 4).

Inhibition du complexe PD-1/PD-L1

Le récepteur PD-1 est une protéine membranaire présente à la surface des lymphocytes T activés et son ligand PD-L1 est présent physiologiquement à la surface de plusieurs cellules dont les macrophages. La formation du complexe PD-1/PD-L1 participe à la reconnaissance des tissus sains par le système immunitaire, les prémunissant ainsi d'une réponse délétère inadaptée en inhibant l'activation et la prolifération des lymphocytes T ainsi que la production de cytokines (11).

Cependant, le ligand PD-L1 peut être également surexprimé à la surface de certaines cellules tumorales, ce qui leur permet de leurrer le système immunitaire et de se garantir contre son activation vis-à-vis d'elles.

Ce détournement de la voie PD-1/PD-L1 fonde le rationnel du développement des traitements antitumoraux par ICI. La figure 1 illustre la liaison de l'anticorps monoclonal au récepteur lui-même (anticorps anti-PD-1 comme le pembrolizumab ou le nivolumab par exemple), d'autres anticorps ciblent son ligand (anticorps anti-PD-L1 comme le durvalumab, l'avélumab ou l'atézolizumab par exemple). Dans les deux cas, la liaison de l'anticorps empêche la formation du complexe PD-1/PD-L1 et met fin ainsi à la tolérance immune développée (11). 

Autres immunothérapies

Dans la même famille des inhibiteurs de point de contrôle, des traitements visant d'autres cibles ont été développés. Certaines molécules ont déjà fait l'objet d'essais de phase précoce, notamment des anticorps dirigés contre des récepteurs co-inhibiteurs de la régulation immune, comme LAG-3 (ieramilimab par exemple) (13,14), TIM-3 (sabatolimab par exemple) (13,15) ou TIGIT (vibostolimab par exemple) (13,16). (17) Une autre approche a été développée avec la modification génétique des récepteurs de lymphocytes T prélevés sur le patient pour générer des récepteurs antigéniques chimériques ou CAR-T cells. Cette procédure de thérapie génique permet la mise au point d'un traitement conçu sur mesure à l'encontre des cellules tumorales après réinjection dans le patient de ses cellules immunitaires modifiées (18).

Enfin, des vaccins antitumoraux ont été mis au point. Des essais ont été menés sur de nombreux cancers et certains traitements ont reçu l'approbation des autorités de santé, par exemple dans le traitement du mélanome ou du cancer de prostate, bien que l'autorisation de mise sur le marché (AMM) de ce dernier ait été retirée à la demande du fabricant (19).

Développement des inhibiteurs de point de contrôle en oncologie médicale

Indications des ICI

Les anticorps anti-PD- Plusieurs études ont cherché à mettre en évidence des marqueurs prédictifs permettant d'anticiper ces résistances afin d'optimiser la prise en charge des patients (27). Une des pistes explorées de l'échec de l'immunothérapie concerne les autres médicaments prescrits avant l'initiation du traitement ou de façon concomitante à ce dernier. L'étude de l'impact de ces comédications fera l'objet de la seconde partie de ce travail de thèse (Article 2).

Toxicité des inhibiteurs de point de contrôle

Le mécanisme original des ICI engendre l'apparition de toxicités inédites en oncologie médicale. En effet, la stimulation du système immunitaire liée au blocage des récepteurs lymphocytaires inhibiteurs PD-1 ou CTLA-4 peut dépasser l'activation à l'encontre des seules cellules tumorales et le diriger contre des cellules saines. Il s'ensuit donc des réactions d'auto-immunité pouvant atteindre pratiquement tous les organes et appelées toxicités immuno-induites, en anglais immune-related adverse events ou irAEs.

Caractéristiques des toxicités observées

Ces toxicités peuvent donc atteindre les différents tissus de l'organisme avec une Cependant, bien que la plupart des effets indésirables soient observés dans les 3 mois, des irAEs ont été décrits dès la première semaine de traitement, et jusqu'à plus de 50 semaines après l'initiation des ICI, parfois même après l'arrêt du traitement (30). La fréquence de survenue de ces effets indésirables dépend de l'organe touché : l'incidence des principales atteintes est reprise dans le tableau 2. En outre, la fréquence et la sévérité des toxicités est plus importante lors des schémas de double immunothérapie que pour les monothérapies : les études rapportent jusqu'à plus de 90 % d'incidence de toxicités, dont 60 % de grade 3 ou 4 (28). 

Prise en charge en pratique

Selon la gravité de l'irAE, un traitement symptomatique ou substitutif peut être instauré sans interruption de l'immunothérapie (anti-histaminiques, dermocorticoïdes, lévothyroxine par exemple), ou une suspension temporaire ou définitive peut être décidée. Pour les atteintes sévères, une corticothérapie systémique est mise en place, relayée en cas d'échec par des immunosuppresseurs de deuxième intention (méthotrexate, infliximab) voire des immunoglobulines intraveineuses ou des échanges plasmatiques (28).

Une nouvelle organisation : les RCP dédiées aux irAEs

Ces toxicités auto-immunes, dont on a décrit le caractère protéiforme et imprévisible, et Elle permet de discuter plus d'une centaine de situations par an afin, selon les cas, de confirmer le diagnostic, de valider la prise en charge ou de discuter la réintroduction des traitements (31).

Les enjeux de ce travail

Ce travail de thèse s'est focalisé sur les inhibiteurs de point de contrôle immunitaire en abordant deux questions qui ont pris une importance croissante dans l'utilisation de ces molécules au quotidien. La première concerne les toxicités des schémas de traitement dits étendus dans lesquels la dose d'ICI est doublée, permettant de doubler également l'intervalle entre deux doses, et dont l'usage initialement confidentiel s'est accru dans le contexte de la pandémie de Covid-19. La seconde implique les comédications et leur impact sur l'efficacité des traitements.

Première partie : Toxicité des schémas étendus

Les ICI ont été validés par les autorités de santé selon les schémas de dose utilisés dans 

MANUSCRIPT Introduction

Immune checkpoint inhibitors (ICIs) revolutionized cancer treatment over the last decade, becoming the standard of care in several malignancies such as melanoma, lung cancer and renal cell carcinoma. These selective antibodies act by blocking immune regulatory checkpoints including programmed cell death protein 1 pathway (PD-1) (e.g., nivolumab, pembrolizumab) or its ligand (PD-L1) (e.g., durvalumab, atezolizumab, avelumab), thus restoring the immune response directed against tumor cells [1]. Despite a well described efficacy and improved outcomes, the mechanism of action of ICI can lead to immune related adverse events (irAEs) that affect all organs [2]. This broad spectrum of adverse events, mostly immune mediated, represents a new challenge for clinicians.

At the time of first approval, ICIs dosing schedule was based on body weight [3,4].

Subsequently, a flat-dose of 240 mg every two weeks (Q2W) and 200 mg every three weeks (Q3W) was proposed for nivolumab and pembrolizumab, respectively [5,6]. More recently, population pharmacokinetic model studies predicted a similar benefit-risk profile with a less frequent dosing regimen compared to the standard dosing (SD) regimen [7][8][9]. As a result, a new dosing regimen received European Medicines Agency (EMA) approval, resulting in administrations of 480 mg every four weeks (Q4W) for nivolumab, 400 mg every 6 weeks (Q6W) for pembrolizumab and 1500 mg Q4W for durvalumab [7,9,10]. These alternative administration schedules were largely developed during the COVID-19 pandemic to reduce hospital appointments and limit contaminations among high-risk patients [11].

So far, few real-world studies have investigated whether the efficacy and safety of a SD regimen are comparable to the extended interval dosing (ED) [12][13][14]. In clinical practice, an empirical increased frequency of irAEs was reported when patients switched from SD to ED regimen and raised concerns about the scarce clinical data to endorse the comparable efficacy and safety between these dosing schedules. Hence, through an exhaustive analysis of patients treated with ICI in a two-year period in two oncology centres, the aim of this study was to analyze, in real-life setting, the incidence of irAE between SD and ED regimen, and to provide evidence-based arguments to help oncologists choose the best treatment regimen for each patient.

Methods

Data source

This These data were anonymized and merged for statistical analysis. Two reviewers were assigned for data collection, one for each center. Discrepancies were discussed between authors.

Endpoints

The primary endpoint was the incidence of any grade 3 or higher irAE. Characterization and grading of irAE were carried out according to the Common Terminology Criteria for Adverse Events (CTCAE) v5.0 [15]. Secondary endpoints were incidence of any irAE and oncologic response at last documented follow-up.

Sample size calculation

Grade  3 irAE incidence can be estimated at maximum 20% [16]. An incidence of 30% or higher in patients receiving an ED regimen would lead to question this schedule. The sample size needed to show this difference by a univariate test, with a two-sided alpha risk of 5% and a power of 80%, was 588.

Statistical analysis

We first described the clinical characteristics of patients at baseline, the characteristics of irAEs (type, severity, lapse between initiation of treatment and emergence of toxicities), and the pattern of toxicity depending on primary cancer. In secondary analyses, we studied the risk of any grade irAEs with ED regimen compared to SD regimen following the same strategy. We assessed the effect of other factors associated with the risk of irAEs. We also analyzed the oncologic response at the end of follow-up using a logistic model because progression date was missing.

We performed several sensitivity analyses: a logistic model assessing the occurrence of a severe irAE in the first 3 months, a Cox model with only fixed variables but censoring patients if they switched from SD to ED, and a Cox model including patients with ED, at time of ED start, assessing the effect of a history of SD.

Data analysis used SAS Enterprise Guide 8.2 software.

Results

Baseline Patient Characteristics

Of the 957 patients treated with anti-PD-1/PD-L1 agents during the data collection period, 271 met at least one exclusion criterion. In total, 686 patients were selected for further analyses representing 300 treated with nivolumab, 351 with pembrolizumab and 35 with durvalumab. Patients were divided into three groups depending on ICI dosing schedule received during data collection period: patients who were treated with a SD regimen only (SD group, n=430, 63%), those who started with a SD regimen and switched to an ED regimen (SD-ED group, n=161, 23%), and those who received only ED regimen (ED group, n=95, 14%) (Figure 1). 

Description of irAEs

As a patient could have several toxicities, we reported a total of 377 irAEs ( The great majority of irAEs (94.9%) did not require other treatment than systemic or local corticosteroids or symptomatic therapy. In 41.6%, a corticosteroid dose ranging from 0.5 to 1 mg/kg/day was sufficient. Only 14.9% needed a higher corticosteroid dose. When corticosteroids were insufficient, additional immunosuppressive therapies including infliximab (0.8%), plasma exchange (1.4%), methotrexate (0.5%), intravenous immunoglobulin (0.3%) and other immunosuppressive therapy (1.9%) were used. IrAEs resolved without sequelae in 46.4% of cases, they were fatal for 3 patients (0.4%). The irAEs that led to death were myositis associated to myocarditis, colitis and infusion related reaction. Interestingly, in four patients of the ED group, ICI dose was reduced to the SD regimen. Among them, one patient was switched because of an irAE (grade 1-2 hepatitis).

Noteworthy, among 39 patients in the SD-ED group who experienced a low-grade irAE while on SD regimen, only one presented a grade  3 irAE during ED regimen.

Main analysis

Factors associated with incidence of grade  3 irAEs are presented in Table 3. There was no statistically significant difference between SD regimen and ED regimen on the risk of grade  3 irAEs (adjusted HR 1.39, 95%CI: 0.69-2.80) when adjusting for gender, center, auto-immune medical history, cancer organ, type of ICI, concomitant targeted therapy, chemotherapy or immunosuppressive therapy, and the occurrence of a low grade irAE during SD regimen.

Secondary and sensitivity analyses

Factors associated with incidence of any grade irAEs are presented in Table 4. This analysis suggests an increased risk of any grade irAEs with ED regimen compared to SD regimen (adjusted HR 1.46, 95%CI: 1.00-2.12, p=0.048).

Patients with pre-existing auto-immune condition had a significantly higher incidence rate of irAEs than those without an auto-immune history (adjusted HR 2.55; 95%CI: 1.53-4.26

for grade  3 irAEs, Table 3). However, the concurrent use of an immunosuppressive therapy at baseline was not associated with an increased incidence of grade  3 or any grade irAEs (HR 1.17; 95%CI: 0.49-2.78 and 0.99; 95%CI: 0.55-1.76). Of note, no higher risk was found in patients treated with concomitant chemotherapy nor in those treated with concomitant targeted therapy (including tyrosine kinase inhibitors, anti-BRAF, anti-MEK).

Regarding cancer progression, we found a protective effect of the occurrence of grade  Sensitivity analyses provided similar results than the main analysis.

Discussion

Our results did not evidence an association between dosing regimen and the risk of serious irAEs which is in line with other observational studies which found that irAEs incidence is not correlated to the chosen dosing schedule [12][13][14].

The reported incidence of irAE were consistent with the literature, cutaneous toxicity being the most common irAE, followed by gastrointestinal and endocrine toxicities, regardless of the chosen cohort [17,18]. In our study, the reported irAEs were mainly grade 1-2; grade  3 irAE representing a quarter of all toxicities. IrAEs were usually reversible if managed quickly and in an appropriate manner. Only a few toxicities resulted in treatment discontinuation. Hardly any irAEs were fatal (0.8%*), which is in line with the death rate of 0.8 to 1.7% revealed in a formal meta-analysis [19]. IrAEs occurring after treatment discontinuation were frequent, thus underlining the importance of the follow-up of patients even after ICI discontinuation.

Although not statistically significant, we found that grade  3 irAEs appeared to be slightly lower among patients treated with the ED regimen compared to SD regimen. Interestingly, Hijmering-Kappelle et al., found that there was a trend toward a higher incidence of lowgrade irAEs in patients treated with the ED regimen [14]. It is interesting to underline that among patients treated with an extended dosing interval who experienced an irAE, the majority resumed the ICI at the same dosing regimen when a rechallenge was decided.

The safety profile is also dependent of the tumor type. As an example, vitiligo was highly reported in melanoma patients and pneumonitis was mainly documented in patients with lung cancer, which corroborates with previous findings [20,21]. It has indeed been suggested that tumor-specific immune microenvironment could generate such specific irAE patterns [22].

The single most striking observation to emerge from the data was that patients suffering from a renal cell carcinoma or urinary carcinoma were at higher risk to experience an irAE. This result seems to be confirmed by observations from clinical practice since these patients almost systematically develop an irAE. This study pointed out the increased risk of irAE in patients with pre-existing auto-immune conditions, which is in line with the results observed in previous studies [23][24][25].

* Two irAEs, one myocarditis and one myositis, were fatal but both occurred in the same patient, which explains the discrepancy between the number of patients who died from irAEs and the number of fatal irAEs.

In most cases, toxicities were detected during the subsequent treatment cycle. The median time to onset for irAE was almost 2-fold higher in ED regimen. This may be explained by a potential detection bias, toxicities being often diagnosed when patients come at hospital for the subsequent cycle of ICI. Therefore, there is a risk of delayed diagnosis with the ED regimen since patients have a medical consultation Q4W or Q6W

for their ICI administration.

The strength of our study lies in the exhaustiveness of the data that were collected over a period of two years. With 686 patients included in the analysis and 237 patients presenting at least one irAE, this is the largest study so far to assess irAE incidence with ICI between both dosing regimens. We avoided the issue of prevalent users by only including new users of ICI. Although data were retrospectively collected, there were recorded in medical files in a prospective manner. Finally, our study found an increased incidence of irAEs with history of autoimmunity, which is considered as a known risk factor of irAEs [22].

Serious irAEs occurrence was associated in our study with lower cancer progression rate, which is consistent with previously published results. Immune-related toxicities have indeed been reported as bystander effect from activated T-cells, and have been associated with improved progression-free survival, overall survival and objective response rate [22,26].

This study has some limitations. First, data were exclusively based on medical records limiting the analysis to available recorded information. Some variable such as grade 1-2 irAEs, and accurate irAEs duration were often missing from medical records. Second, data collection was performed by two health professionals, one for each center, without cross-validation. Therefore, a potential misclassification cannot be excluded since coding irAEs is a parameter depending on the personal appreciation of each reviewer. However, it should be noted that a multidisciplinary group of experts such as rheumatologist, cardiologist, neurologist, pulmonologist, dermatologist, internist and pharmacologist, common to both centers, meet every two weeks to evaluate cases of patients with irAE, mostly grade 3-4. This meeting called "RCP ToxImmun" has been set up in December 2018 and allows the validation of diagnoses, standardization of management and discussion of possible retreatment with ICI [27]. However not all the cases reported in this study have been discussed in these meetings.

Third, since dosing regimen impacts the patient's visits schedule, a detection bias is possible and can explain the more delayed reporting of irAEs observed in the ED regimen group. However, serious irAEs were diagnosed and reported for our analysis. Finally, despite adjustment for available potential confounders, residual confounding is inherent to the design of the study. Indeed, patients treated with an ED regimen generally present with a better general condition and a better prognosis, represented by the high rate of adjuvant therapy and confirmed by lower death rate and decreased cancer progression rate observed in this cohort with ED regimen compared to SD regimen. Thus, a potential indication bias could have affected the risk of irAEs and impacted our results.

Conclusion

Investigating the best dosing schedule of ICI is a continuing concern as evidenced by the numerous ongoing clinical trials aimed at determining the lowest effective dose for the least frequent administration [28,29]. To date, few real-world studies have evaluated clinical efficacy between both dosing schedule [7,14,30]. Further research is needed to confirm whether the ED regimen is comparable to the SD regimen in terms of efficacy and safety. Based on our data, the appropriate dosing schedule should be designed according to the best comfort of patient, and/or hospital resources, keeping in mind that patients with a poor general condition should be monitored more closely. Nous avons mené une revue de la littérature sur le rôle du microbiote dans l'efficacité des ICI, ainsi que sur les impacts potentiels des comédications sur les résultats oncologiques.

Tables and figures

Trois familles de molécules apparaissent comme les plus pourvoyeuses d'un effet délétère : les corticoïdes, les antibiotiques et les inhibiteurs de la pompe à protons. Un élément-clé émerge des différentes études : le délai entre la période de traitement et l'initiation de l'immunothérapie par ICI qui semble traduire l'existence d'une période critique de l'activation immunitaire nécessitant un microbiote préservé.

Par ailleurs, de nombreuses autres familles de molécules ont été également suspectées de favoriser ou, au contraire, de limiter l'action des ICI dans des modèles pré-cliniques (in vitro ou animaux). Cependant, la constatation de ces effets dans des études cliniques n'est pas univoque. Nous avons compilé les résultats parfois contradictoires des principales études concernant la metformine, l'aspirine et les anti-inflammatoires non stéroïdiens, les inhibiteurs du système rénine-angiotensine-aldostérone, les bêta-bloquants, les opiacés et les statines.

En définitive, si quelques alternatives à ces molécules potentiellement délétères ont été proposées, il est surtout important de ne pas introduire de traitement superflu et de s'assurer en permanence de l'indication des comédications conformément aux recommandations scientifiques. En outre, en l'absence d'alternative, il convient de discuter la possibilité de retarder l'introduction des ICI ou de préférer une autre stratégie thérapeutique afin de garantir des conditions optimales pour l'immunothérapie.

Introduction

The advent of immune checkpoint inhibitors (ICIs) in the 2010s has revolutionized cancer therapy. These molecules act very differently from previous oncological treatments, and have become a standard of care for many cancers in metastatic or neoadjuvant/adjuvant settings (e.g. melanoma or lung carcinoma) (1,2).

Their mechanism of action is based on blocking the recognition of the lymphocyte ligand/receptor checkpoint pair, which activates and stimulates the immune system against tumor cells (3). The main targets of these treatments for solid tumors are the programmed cell death protein 1 (PD-1), its ligand (PD-L1) and the cytotoxic Tlymphocyte-associated protein 4 (CTLA-4).

However, not all patients benefit from the efficacy of these molecules. Primary resistance is often observed, as well as secondary resistance after initial response. Elucidating some of the underlying mechanisms of resistance could help clinicians optimize treatment strategies. Because of the inherently pro-inflammatory therapeutic effect of ICIs, many classes of drugs that might impact the immune system may decrease their efficacy, most notably corticosteroids (4).

More recently, the important role of microbiota, mainly though not only intestinal, has been demonstrated on the antitumor activity of ICIs. As a result, it has been suggested that other therapeutic families known to induce dysbiosis, such as antibiotics or proton pump inhibitors, might reduce the effectiveness of ICIs (5,6).

In addition, other molecules have been associated in vitro and in animal models with increased or decreased efficacy of ICIs through other inflammatory or metabolic pathways, but it was not straightforward to transpose these results for clinical practice and they need to be confirmed.

The main objective of this review is to draw a state of the art on the microbiota's role on the efficacy of ICIs and to compile studies that looked for an impact, positive or negative, on oncological outcomes under ICI treatment of the main therapeutic classes that might interact. We have focused on the three most commonly suggested drug families: corticosteroids, antibiotics and proton pump inhibitors; and then we identified existing data for the other relevant molecules: metformin, aspirin and nonsteroidal anti-inflammatory drugs, beta blockers, renin-angiotensin-aldosterone system antagonists, opioids and statins.

The Microbiome and the immune system

Microbiome: definition and composition

The microbiota is the collection of all the microorganisms that occupy a given environment, whereas the microbiome is defined as the set of all the genomic elements of a specific microbiota. The human microbiota living in and on human organisms are composed of thousands of species belonging to different kingdoms: bacteria, archaea, protozoa, fungi, animals, and viruses (7,8). Dominant bacterial phyla include Firmicutes (30-50%), Bacteroidetes (20-40%) and Actinobacteria (3-10%). At the genus level, Bacteroides is the most abundant by far (up to almost 20%), followed by Faecalibacterium and Bifidobacterium (8). The microbiota play a fundamental role in the physiological functioning of the human body: among other things, they are involved in digestion, immune system development and specific enzymes or vitamin synthesis. This is why the microbiome is sometimes considered as a second genome (7).

Relation with the immune system

The role of gut microbiota on human host inflammation has been mostly studied in the context of inflammatory bowel diseases (IBD), where significant alterations in composition have been shown in affected patients compared to control samples (9). Differences in gut flora composition have also been associated with pro-inflammatory status in relation to obesity, with the onset of allergies at school age, and with a high-risk human leukocyte antigen (HLA) genotype for celiac disease in children (10)(11)(12).

The microbiota's important role in immune regulation involves, among other things, secreting of cytokines, maintaining homeostasis or producing T cells (13,14). Its action has also been demonstrated in stimulating hematopoiesis for the development of certain components of the immune system such as myeloid cell derivatives (15).

Impact of gut microbiome on ICI efficacy

The influence of gut microbiota on cancer immunotherapy likely lies in its role in finetuning the immune status and in its possible activation against tumor cells under the action of ICIs (5).

Two major studies in mice gave evidence of this strong interaction. First, efficacy of anti-CTLA-4 was suppressed in antibiotic-treated and germ-free mice, before being recovered through fecal transplantation from anti-CTLA-4 responding patients. It was discovered that these patients' stools contained larger amounts of specific Bacteroides species. Same results were obtained through feeding the mice directly with Bacteroides isolates (16). In addition, distinct preexisting microbiota have been associated with differences in spontaneous melanoma growth, which disappeared after fecal transplantation or cohousing the mice. Sequencing identified Bifidobacterium as a pivotal bacterial genus in cancer control, and oral supplementation with Bifidobacterium enhanced the efficacy of anti-PD-1 treatment (17). In both cases, ICIs activity improvement is probably due to microbiome-induced maturation of dendritic cells and T cells priming and accumulation (16,17).

Focus on Akkermansia muciniphila

Routy et al. found significant differences in baseline fecal microbiota sequencing between patients with non-small cell lung carcinoma (NSCLC) or renal cell carcinoma (RCC) exhibiting long progression-free survival (PFS) under ICI (more than 6 months) or not.

While further analyzing the stools' characteristics of responders versus non-responders, they showed overrepresentation of distinct bacterial taxa such as Akkermansia and isolated the species that was most significantly associated with good response, Akkermansia muciniphila (p = 0.004). This anaerobe is one of the most abundant bacteria in the ileum microbiota. Its presence was identified in 69% and 58% of patients presenting partial response and stable disease respectively, and 34% of those who progressed or died. The higher prevalence of this bacterium was then confirmed in a validation cohort.

Responders' stools conveyed sensitivity to PD-1 blockade after fecal transplantation to germ-free mice when non-responders' did not (18).

The same group published a subsequent study to prospectively confirm the predictive nature of stool Akkermansia muciniphila (A. m.) on response to ICIs (Derosa et al. (19)).

In a multicentric cohort of 338 patients with NSCLC, baseline fecal A. m. was associated with better overall response rate (ORR: 28% vs 18%, p = 0.04) and longer overall survival Furthermore, a Japanese retrospective study suggests that probiotic supplementation by Clostridium butyricum could have a positive impact on progression-free survival and overall survival in patients with lung cancer receiving ICIs (20). Modulating the composition of the microbiota seems indeed to be a means of optimizing immune checkpoint blockade treatments (21).

Role of other organ-specific microbiomes

In addition to the major role of the gut flora, studies have investigated the impact of other microbiota on the effectiveness of ICIs. Two organs in particular, the lungs and the bladder (until recently presumed sterile when healthy), could host a flora with a decisive role on the efficacy of ICIs.

New generation sequencing (NGS) or 16S ribosomal RNA sequencing of various sputum samples, bronchoalveolar lavage or lung tissue have led to the detection of many bacterial species belonging to specific taxa such as Prevotella, Streptococcus or Veillonella. Even though around 90% of identified DNA likely come from nonviable or dead microorganisms, some studies discovered culturable bacteria in lung samplings (22). Changes in this microbiota in childhood have been associated with several lung diseases like asthma, and other changes can occur under inhaled corticosteroid treatments (23). This may play an important role as well in carcinogenesis and it has been suggested that patients with lung cancer present decreased diversity and higher rates of dysbiosis-associated bacterial genera like Granulicatella or Abiotrophia. Dysbiosis also seems to be associated with decreased immune modulation, especially through γδ T cells, and subsequently with loss of cancer control. Although it seems conceivable that the impact of antibiotics on the loss of efficacy of ICIs may also involve the lung flora in addition to the gut microbiota, no specific studies have been conducted to date (22).

Same sequencing techniques applied to healthy individuals' culture-negative urine samples isolated numerous bacterianoticeable taxa were Lactobacillus, Corynebacterium or Streptococcusoverturning the older dogma of Louis Pasteur and affirming the existence of the urinary microbiota. Similarities in urinary bacterial flora have been reported in patients with prostate cancer, which differed from healthy controlswithout differences of gut microbiota. This contributes to the hypothesis of an etiopathogenic role of the urinary dysbiosis in carcinogenesis, the involvement of chronic infection and inflammation being already well known with schistosomiasis. It has also been suggested that as well as the inflammation caused by tobacco or other carcinogenic agents, urinary dysbiosis could be associated with high tumor mutational burden, and could therefore increase the susceptibility to immunotherapy. However, the real impact of this newly identified microbiota and its actions on the efficacy of ICIs has not been formally studied yet (24).

The potential role of oral microbiota on head and neck squamous cell carcinoma (HNSCC) incidence and management has also been studied (25). Hayes et al. showed an association between greater oral abundance of commensal Corynebacterium and Kingella spp. and a decreased risk of HNSCC occurrence in a nested case-control study (26). However, regarding ICI efficacy Ferris et al. found no significant impact of oral microbiota diversity on nivolumab (anti-PD-1) response in 85 patients with HNSCC from the CheckMate 141 trial (27).

Treatment-induced microbiome changes

Unlike the genome inherited from the parents, the microbiome involves a complex ecosystem that is unstable and can be significantly altered throughout life, especially by age, diet, disease or drugs. The interaction between gut flora and medications is intricate and bidirectional: drugs can alter the microbiome composition, but gut microorganisms also influence the host response to the drug through what is referred to as pharmacomicrobiomics (28).

One major recent discovery involves the impact of many non-antibiotic drugs on microbiota composition and thus on the health condition of the host, notably its immune status. Some of these drugs are widely used, such as proton pump inhibitors, metformin or statins, while others are used more specifically in oncology, such as corticosteroids, opioids or laxatives (5). Major studies have reported drug-induced changes in microbiome constitution using large population-based cohorts in the Netherlands ( 29), the UK (30) or Belgium (31). Up to 19 commonly used drugs, including additional medications to those mentioned before, from other families such as beta blockers, aspirin or angiotensinconverting enzyme inhibitors, have been shown to impact microbiome diversity, increasing or decreasing specific bacterial species (5). Because many patients are taking multiple medications, some studies have examined the additional effect of polypharmacy [START_REF] Ticinesi | Gut microbiota composition is associated with polypharmacy in elderly hospitalized patients[END_REF][START_REF] Gemikonakli | Polypharmacy With High Drug Burden Index (DBI) Alters the Gut Microbiome Overriding Aging Effects and Is Reversible With Deprescribing[END_REF].

Corticosteroids

Due to their strong immune modulating properties including cytokine release alteration and T cell activation, migration and differentiation inhibition [START_REF] Petrelli | Association of Steroids Use with Survival in Patients Treated with Immune Checkpoint Inhibitors: A Systematic Review and Meta-Analysis[END_REF], corticosteroids are widely used for the treatment of inflammatory and auto-immune diseases. However, they are also broadly used in oncology, prescribed from short to long courses of treatment, in small or large doses, to treat a lot of cancer related symptoms: pain, nausea, dyspnea, occlusion, cerebral or meningeal symptoms… Related adverse events of such medications are well known and entail infections including opportunistic infections like pneumocystis, osteoporosis, diabetes, glaucoma, cataract or skin alteration [START_REF] Ramamoorthy | Corticosteroids[END_REF].

Impact on microbiota composition and immune response

Both acute and chronic dexamethasone treatments have been associated in mice and rats with shifts in gut microbiota [START_REF] Wu | Chronic glucocorticoid treatment induced circadian clock disorder leads to lipid metabolism and gut microbiota alterations in rats[END_REF] and increased levels of Bifidobacterium and Lactobacillus, and it is remarkable to note that the anti-inflammatory action is passed on after fecal transplantation from a treated individual to one with a genetic susceptibility for IBD [START_REF] Huang | Using Corticosteroids to Reshape the Gut Microbiome: Implications for Inflammatory Bowel Diseases[END_REF]. Likewise, the use of inhaled or systemic corticosteroids for asthma, chronic obstructive pulmonary disease (COPD) or chronic rhinitis has been associated with changes in diversity, composition and/or burden of respiratory microbiome (23). However, the impact of glucocorticoids on ICI treatment response involves more likely direct immune modulation rather than microbiome-induced [START_REF] Petrelli | Association of Steroids Use with Survival in Patients Treated with Immune Checkpoint Inhibitors: A Systematic Review and Meta-Analysis[END_REF].

Effect on ICI treatment efficacy

Patients receiving systemic glucocorticoids over 10 mg of prednisone equivalent were usually excluded from ICIs clinical trials because this dose is considered immunosuppressive. However, numerous real-world studies analyzed the impact of such medication at baseline or during ICI treatment and showed a significant decrease in PFS and OS in patients on glucocorticoids [START_REF] Arbour | Impact of Baseline Steroids on Efficacy of Programmed Cell Death-1 and Programmed Death-Ligand 1 Blockade in Patients With Non-Small-Cell Lung Cancer[END_REF][START_REF] Scott | Early Use of Systemic Corticosteroids in Patients with Advanced NSCLC Treated with Nivolumab[END_REF]. Ricciuti et al. conducted a retrospective study to measure the indication-related impact of steroid therapy which appears to be more detrimental on survival if initiated for palliative care (e.g. fatigue, pain, brain edema) than to treat non-cancer-related disease (e.g. COPD flare, auto-immune disease) even at high doses [START_REF] Ricciuti | Immune Checkpoint Inhibitor Outcomes for Patients With Non-Small-Cell Lung Cancer Receiving Baseline Corticosteroids for Palliative Versus Nonpalliative Indications[END_REF]. Table 1 and Table 2 present the results of studies (mostly retrospective except for Hendriks et al.), and systematic reviews and meta-analyses, respectively, on this subject, providing subgroup analyses on indications of steroid treatment. The same differences were observed between palliative care indications or brain metastases subgroups, and between non cancer related indications or immune-related adverse events (irAEs) management. The deleterious impact on survival could therefore be linked to the preexisting poor-prognosis of the patients needing steroids for palliative reasons or brain metastases rather than to the action of steroids themselves [START_REF] Petrelli | Association of Steroids Use with Survival in Patients Treated with Immune Checkpoint Inhibitors: A Systematic Review and Meta-Analysis[END_REF]. However, even among patients with baseline brain metastases, the observed deleterious effect of corticosteroids could reflect the pejorative nature of symptomatic cerebral lesions. On the contrary, association of irAEs with better overall prognosis has often been reported and could compensate for possible harmful effects of glucocorticoid prescription.

These findings suggest reassuring data for clinicians about the possibility of initiating corticosteroid even at high dosage for irAE management, but could lead to delay immunotherapy or reconsider other treatment options like chemotherapy for patients requiring high dose palliative steroids if no withdrawal is possible before initiation. 

Antibiotics

Early on, antibiotics were suspected in dysbiosis-induced variations of immune response because of their strong impact on the composition, diversity and burden of gut microbiota.

Due to their long-term influence on metabolic pathways, even after early-age short treatments, they have been associated with various chronic diseases in mice and in humans, such as asthma or obesity [START_REF] Korpela | Antibiotic use in childhood alters the gut microbiota and predisposes to overweight[END_REF][START_REF] Arrieta | Early infancy microbial and metabolic alterations affect risk of childhood asthma[END_REF]. The increasing evidence of the potentially detrimental effect of antibiotics on immunotherapy results has led to the exclusion of patients who received recent antibiotic therapy from clinical trials, or to the requirement of antibiotic wash-out periods.

Antibiotic-induced perturbations of the microbiota

Among the many classes of antibiotics, not all have the same impact on the intestinal flora. The differential action on the families of bacteria will disturb the balance and diversity of this complex microenvironment for a long time, and in doing so uncouple the mutualistic host-microbiota relationship. While nearly full recovery is often obtained after 4 weeks, several studies have shown that the consequences of an antibiotic treatment can be observed in the long term on the composition of the microbiota. Most durable perturbations occur with antibiotics having broad activitiy on anaerobes, like clindamycin [START_REF] Modi | Antibiotics and the gut microbiota[END_REF]. Jakobsson et al. explored throat and fecal microbiota after clarithromycin and metronidazole treatment. While the flora of control individuals showed relative long-term stability, treated patients showed profound changes in the microbiota within a week of treatment, and alterations were still noticeable up to four years later. These changes could affect the bacterial composition (e.g. Actinobacteria decrease), but also the latent presence of resistance genes selected earlier (e.g. erm(B) coding for macrolide resistance) [START_REF] Jakobsson | Short-Term Antibiotic Treatment Has Differing Long-Term Impacts on the Human Throat and Gut Microbiome[END_REF]. Besides flora's composition and selection of potential resistances, the complex alterations involve interactions between bacterial species themselves and favorable biochemical conditions for pathogenic species' proliferation. Moreover, if antibiotics induce broadly human-conserved microbiota alterations, some of their consequences include unpredictable host-specific responses leading to so-called "ecological surprises" [START_REF] Modi | Antibiotics and the gut microbiota[END_REF].

Moreover, Tinsley et al. included subgroup analyses in their retrospective study on single versus cumulative antibiotic therapies [START_REF] Tinsley | Cumulative Antibiotic Use Significantly Decreases Efficacy of Checkpoint Inhibitors in Patients with Advanced Cancer[END_REF]. Results show significant decrease in survival only with cumulative treatments defined as concurrent or successive antibiotics for more than seven days. Once again, it is likely that the patients in need for these treatments were in a more severe condition, which could explain the results, regardless of the possible impact on the response to ICI.

Importance of the antibiotic treatment modality: molecule and spectrum

Antibiotics are a very large family of molecules, presenting different pharmacokinetics, pharmacodynamics and activity spectra. In vitro studies showed maximal impact on microbiota with antibiotics having a strong activity on anaerobes (e.g. macrolides). 

Proton pump inhibitors

Proton pump inhibitors (PPIs) are very commonly used to treat peptic ulcer or gastroesophageal reflux disease or to prevent digestive complications due to nonsteroidal anti-inflammatory drugs. Because of their low level of toxicities, they are often over-prescribed: up to 70% of PPIs prescriptions may be unnecessary and not grounded on evidence-based recommendations. Moreover, initial indication is rarely re-evaluated, leading to unjustified chronic use (5).

Since their arrival on the market in 1989, they have been suspected of association with numerous adverse events such as hypomagnesemia, vitamin B12 deficiency, bone fracture or Clostridioides difficile infection [START_REF] Nehra | Proton Pump Inhibitors: Review of Emerging Concerns[END_REF].

Because oncology patients in particular often present previous comorbidities, inherent frailty and potentially ulcer-inducing comedications, they are quite frequently treated with PPIs.

PPI-induced alterations of the microbiota

Increased gastric pH caused by acid secretion blockade can lead to downstream disturbances in the equilibrium of gut flora, but PPIs can also generate pH-unrelated effects. Indeed, they are associated with hormonal disturbances (e.g. hypergastrinemia, hyperparathyroidism) and alterations in nutrient absorption [START_REF] Freedberg | The Impact of Proton Pump Inhibitors on the Human Gastrointestinal Microbiome[END_REF]. Several studies and large population based cohorts led to evidence of profound alteration in microbiota composition and diversity under PPI treatment (5,29). These perturbations involve decreased gut commensal bacteria (e.g. Ruminococcacae, Bifidobacteriaceae) to the benefit of oral cavity microorganisms (e.g. Rothia dentocariosa, Rothia mucilaginosa, Actinomyces spp.) (5,[START_REF] Jackson | Proton pump inhibitors alter the composition of the gut microbiota[END_REF].

PPIs also induce favorable conditions for colonization by enteric pathogens leading in PPI users to odds-ratio of 1.5 to 1.8 for C. difficile and 2 to 4 for other germs such as Campylobacter or Salmonella [START_REF] Leonard | Systematic Review of the Risk of Enteric Infection in Patients Taking Acid Suppression[END_REF]. This pathogen spread might be promoted by alterations in colonic colonization resistance patterns, such as increased Lactobacillus spp and decreased Bacteroidetes [START_REF] Freedberg | The Impact of Proton Pump Inhibitors on the Human Gastrointestinal Microbiome[END_REF]. Similar alterations in bacterial orders have been found in PPI use-discordant monozygotic twins from the TwinsUK cohort, and with small interventional study [START_REF] Jackson | Proton pump inhibitors alter the composition of the gut microbiota[END_REF].

Finally, PPIs are also associated with a 3-fold increase in risk of small intestinal bacterial overgrowth (SIBO), involving species like Escherichia coli, Enterococcus spp or Klebsiella pneumoniae [START_REF] Freedberg | The Impact of Proton Pump Inhibitors on the Human Gastrointestinal Microbiome[END_REF].

Impact on ICI efficacy

Apart from their activity on the gastro-intestinal microbiome, PPIs are thought to directly alter the inflammatory response, especially by decreasing the secretion of adhesion molecules by inflammatory cells and by inhibiting cytokines production [START_REF] Hussain | Concomitant medications and immune checkpoint inhibitor therapy for cancer: causation or association?[END_REF].

Results of studies of PPIs' impact on response and survival under ICI treatment are heterogeneous as illustrated in Table 5. First studies looking for a detrimental impact of PPIs on ICI efficacy were post hoc analyses from pooled phase 2 and 3 randomized controlled trials. Pooled patients in atezolizumab arms presented significantly decreased OS and PFS when receiving prior or concomitant PPI whereas survival in chemotherapy arms was not altered [START_REF] Chalabi | Efficacy of chemotherapy and atezolizumab in patients with non-small-cell lung cancer receiving antibiotics and proton pump inhibitors: pooled post hoc analyses of the OAK and POPLAR trials[END_REF][START_REF] Hopkins | Concomitant Proton Pump Inhibitor Use and Survival in Urothelial Carcinoma Treated with Atezolizumab[END_REF]. Subsequent large-scale retrospective studies are also discordant. Stokes et al. found no impact of PPIs on survival in more than 3,500 ICItreated veterans with NSCLC (72), while Baek et al. studied nearly 3,000 patients with NSCLC receiving ICIs from the South Korean national health system and evidenced significant decrease in OS due to PPI use [START_REF] Baek | Survival outcomes of patients with nonsmall cell lung cancer concomitantly receiving proton pump inhibitors and immune checkpoint inhibitors[END_REF]. Moreover, they evidenced stronger pejorative effect in "new PPI users", defined as patients having initiated PPIs after a washout period of at least 180 days, suggesting a more deleterious action when the first PPI intake in a naive organism is closer to the initiation of ICI.

Differences by histology

Large meta-analyses have also led to divergent results as shown in Table 6. Subgroup analyses yielded some surprising results, like an inconsistently favorable effect of PPI use on survival in patients with melanoma. The two meta-analyses use the same retrospective studies including the results of Failing et al. on 159 patients with melanoma at Mayo Clinic, whose results found a trend in this direction although not significant [START_REF] Failing | Effects of commonly used chronic medications on the outcomes of ipilimumab therapy in patients with metastatic melanoma[END_REF].

All the meta-analyses seem to agree on decreased survival in patients with NSCLC (75-78) whereas no significant impact has been shown in patients with RCC, based on a pool of more than 400 patients [START_REF] Chen | Association of proton pump inhibitor use with survival outcomes in cancer patients treated with immune checkpoint inhibitors: a systematic review and meta-analysis[END_REF]. 

Other medications according to pathway alterations

METABOLISM AND LOWER HYPOXIA Metformin

Metformin is a widely prescribed blood glucose-lowering treatment and standard of care for type 2 diabetes. It amplifies insulin sensitivity and inhibits liver gluconeogenesis. Its complex mechanism of action is not entirely understood and is thought to involve the gut microbiota: interventional studies showed gut flora alteration in healthy volunteers receiving metformin. Interestingly, fecal transplantation from metformin-treated individuals induced lower blood glucose levels in germ-free mice (5,[START_REF] Verdura | Metformin as an archetype immunometabolic adjuvant for cancer immunotherapy[END_REF]. Metformin especially favors the abundance of Akkermansia muciniphila, which independently enhances glucose tolerance in mice [START_REF] Shin | An increase in the Akkermansia spp. population induced by metformin treatment improves glucose homeostasis in diet-induced obese mice[END_REF].

Its action on the mitochondrial metabolism chain also impacts the immune system by decreasing immune exhaustion and stimulating IL-10 secretion and CD8+ T-cells promotion, as well as cancer cells by diminishing intratumoral hypoxia [START_REF] Hussain | Concomitant medications and immune checkpoint inhibitor therapy for cancer: causation or association?[END_REF][START_REF] Verdura | Metformin as an archetype immunometabolic adjuvant for cancer immunotherapy[END_REF][START_REF] Munoz | Metformin reduces PD-L1 on tumor cells and enhances the anti-tumor immune response generated by vaccine immunotherapy[END_REF].

Metformin also interacts with the PD-1/PD-L1 checkpoint pair: degradation of membrane PD-L1 after metformin treatment has been evidenced in breast tumor mice models and confirmed in breast cancer samples of metformin-treated patients [START_REF] Cha | Metformin Promotes Antitumor Immunity via Endoplasmic-Reticulum-Associated Degradation of PD-L1[END_REF]. In vitro and animal experiments showed increased CD8+ T cell infiltration and enhanced efficacy of PD-1 inhibitor pembrolizumab in lung cancer when associated with metformin [START_REF] Wang | Metformin Combining PD-1 Inhibitor Enhanced Anti-Tumor Efficacy in STK11 Mutant Lung Cancer Through AXIN-1-Dependent Inhibition of STING Ubiquitination[END_REF]. Moreover, intratumoral hypoxia has been associated with decreased efficacy of PD-1 blockade in murine models. That barrier to immunotherapy could be reduced by metformin-induced diminution of oxygen consumption in tumor cells, allowing higher infiltration by T cells and better tumor response [START_REF] Scharping | Efficacy of PD-1 Blockade Is Potentiated by Metformin-Induced Reduction of Tumor Hypoxia[END_REF]. colorectal cancer (NCT03800602) [START_REF] Verdura | Metformin as an archetype immunometabolic adjuvant for cancer immunotherapy[END_REF][START_REF] Liu | Pleiotropic Effects of Metformin on the Antitumor Efficiency of Immune Checkpoint Inhibitors[END_REF][START_REF] Kubo | Study Protocol: Phase-Ib Trial of Nivolumab Combined With Metformin for Refractory/Recurrent Solid Tumors[END_REF].

LOCAL INFLAMMATION Aspirin and nonsteroidal anti-inflammatory drugs (NSAIDs)

Aspirin and NSAIDs act as more or less selective inhibitors of cyclooxygenases (COX1/COX2). These enzymes are involved in prostaglandins synthesis, including prostaglandin E2 which has been associated with tumor cell survival, growth and invasion [START_REF] Kunzmann | PTGS2 (Cyclooxygenase-2) Expression and Survival among Colorectal Cancer Patients: A Systematic Review[END_REF][START_REF] Pi | Reversing PD-1 Resistance in B16F10 Cells and Recovering Tumour Immunity Using a COX2 Inhibitor[END_REF]. Moreover, in vivo studies showed the role of COX2 in ICIs resistance, notably by decreasing the infiltration of immune cells in the tumor environment. Pi et al. showed experimental reverse of pembrolizumab resistance in mice when combined with aspirin or NSAID celecoxib [START_REF] Pi | Reversing PD-1 Resistance in B16F10 Cells and Recovering Tumour Immunity Using a COX2 Inhibitor[END_REF]. The benefit of aspirin on the response to ICIs could also involve its antiplatelet action: Riesenberg et al. showed improved anti-PD-1 response in vivo with aspirin and another antiplatelet agent, clopidogrel: tempering platelet activation could generate beneficial immune remodeling in tumor microenvironment [START_REF] Riesenberg | Cutting Edge: Targeting Thrombocytes to Rewire Anticancer Immunity in the Tumor Microenvironment and Potentiate Efficacy of PD-1 Blockade[END_REF].

Once again, the transposition of these promising findings to patients has not yet yielded satisfactory results. Different studies specifically examined the impact of aspirin and/or NSAIDs on response and survival on ICIs (95-97). The results, although not statistically significant, all support a deleterious association. However, the prescription of NSAIDs in oncology patients may be a significant bias due to their use for cancer pain and could reveal more active, aggressive, or rapidly progressing disease that would necessarily impair survival. In some studies looking for several drugs' impact on ICI survival that isolated low-dose aspirin from NSAIDs prescription, a favorable effect has been evidenced with aspirin. Cortellini et al. showed higher ORR (OR 1.47 [95% CI: 1.04, 2.08] p = 0.03) and longer PFS (HR 0.79 [0.64, 0.98] p = 0.03) in a 1012 patients retrospective study [START_REF] Cortellini | Integrated analysis of concomitant medications and oncological outcomes from PD-1/PD-L1 checkpoint inhibitors in clinical practice[END_REF]. Zhang et al. compiled 5 studies with specific low dose aspirin subgroups in their meta-analysis and evidenced longer PFS (HR 0.84 [0.72, 0.98] p = 0.02) with no impact on OS [START_REF] Zhang | The effect of concomitant use of statins, NSAIDs, low-dose aspirin, metformin and beta-blockers on outcomes in patients receiving immune checkpoint inhibitors: a systematic review and meta-analysis[END_REF].

STRESS AND NEURO-ONCOLOGY Beta blockers

The role of the β-adrenergic receptor has been recently highlighted in the tumor microenvironment as well as its potential influence on cancer growth, invasion and metastatic spreading (100,101). The β-adrenergic receptor blockers, or beta blockers, are widely used treatments for hypertension, coronary heart disease or arrhythmia. Because of the negative impact of stress-induced adrenergic signaling on the immune system, beta blockers have been thought to positively impact ICI efficacy. They have been reported to decrease tumor neoangiogenesis and to improve anti-CTLA-4 activity in mice models Again, biases on tumor response and survival are possible with beta blockers, even if they appear less obvious than with other molecules.

MICROENVIRONMENT REMODELING AND IMMUNE MODULATION Renin-angiotensin-aldosterone system inhibitors

The renin-angiotensin-aldosterone system (RAAS) is a key target for hypertension treatment. It is also thought to enable cancer cells growth and proliferation through its interaction with the tumor microenvironment, especially cancer-associated fibroblasts Again, the evidence for a real impact on the efficacy of immunotherapy treatment is limited and further study is needed.

Discussion

We showed that many studies have explored the potential impact of concurrent use of multiple therapeutics on the outcomes of ICI treatment, from in vitro and animal models to retrospective clinical studies. Described interactions are very diverse and can positively or negatively affect various cancer-promoting mechanisms, as well as several necessary factors for the functioning of ICIs. Figure 1 illustrates these complex linkages and interactions with some of the hallmarks of cancer proposed by Hanahan and Weinberg (125). Positive or negative associations have been evidenced regarding response and survival outcomes. Sometimes worrying, sometimes reassuring, they do not all point in the same direction, and it seems difficult for the clinician to determine the right therapeutic attitude in the patient's best interest. Moreover, direct extrapolation of convincing in vitro or animal models' results is not possible and proper randomized controlled trials cannot always be conducted for such issues. It is therefore necessary to rely on well-conducted retrospective studies and meta-analyses, which are known to have a lower level of evidence. They are not immune to many biases, in particular on the probability of a more precarious general condition due to comorbidities in patients requiring comedications, which independently affects their prognosis.

The results we gathered seem to show a detrimental association of corticosteroids given for supportive care reasons, as well as antibiotics and PPIs on objective response and survival, especially when used within a window of a few weeks before and/or after the start of ICI therapy. The first results concerning the other comedications (metformin, NSAIDs, beta blockers, RAAS antagonists, opioids and statins) also call for caution until controlled trials are conducted when possible. It should be kept in mind that any new drug introduction may have an unpredictable effect on expected oncologic outcomes and should not be minimized.

Yet, it is not always possible for the clinician to stop the treatments involved because of their often unquestionable necessity. One should however try to manage the timing of treatment as well as possible, even sometimes by delaying the ICI by a few weeks to allow time for the microbiota to recover and to ensure that the immunotherapy has not been initiated in a particularly deleterious period.

One should also ascertain the need to introduce a new concomitant treatment, according Finally, looking to the future of immunotherapy for solid tumors leads to a consideration of new ICI targets (e.g. TIGIT, LAG-3, TIM-3) and new treatment classes such as vaccines and chimeric antigen receptors T cells (CAR T cells). Questions will arise as to their efficacy in real-life conditions, and studies must be conducted in order to know whether the interactions observed with anti PD-(L)1 and anti-CTLA-4 will be confirmed with these new strategies.

Conclusion

Our review compiles scientific results on positive or negative impact of many comedications on ICI efficacy, from pre-clinical models to retrospective studies and metaanalyses. These data are intended to be an additional tool for the clinician.

Indeed, treatments decisions today must be based on histological pattern, disease extension, possibilities of concomitant therapies (surgery, radiotherapy), and the patient's choices. It is now necessary, in light of hardly contestable data, to also take into account all the patient's comedications to support this decision.

tirer une conclusion tranchée, mais elles pourront cependant aider le clinicien à se faire une opinion critique et à adapter au mieux la prise en charge globale de ses patients.

L'oncologue d'aujourd'hui doit intégrer, de fait, tous ces paramètres dans sa stratégie thérapeutique afin de conférer au maximum efficacité et confort au patient.

Ces modalités de prise en charge auront peut-être une place encore plus décisive dans le futur de l'immuno-oncologie avec l'arrivée de nouvelles thérapeutiques en cancérologie solide : nouvelles classes d'immunothérapie (anti-LAG-3 ou anti-TIGIT par exemple), vaccins ou CAR-T cells.
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  'autres molécules de l'inflammation ont été également employées comme traitement antitumoral, notamment l'interféron ou l'interleukine 2 qui apparaissaient encore tous deux comme alternative de traitement recommandée par la Société européenne d'oncologie médicale (ESMO) jusqu'en 2019 pour les cancers du rein de bas risque (9,10). C'est cependant réellement à partir des années 2010 que l'arrivée de nouveaux traitements d'immunothérapie a révolutionné l'oncologie médicale, en particulier les inhibiteurs de point de contrôle immunitaire (en anglais Immune checkpoint inhibitors ou ICI) qui feront l'objet de ce travail. Comme on le verra, leurs indications étendues et leur efficacité parfois inédite ont bouleversé le pronostic autrefois sombre de certains cancers, en particulier le mélanome malin et certains cancers du poumon. La reconnaissance de l'avancée majeure apportée par ces traitements a conduit à l'attribution du prix Nobel de physiologie ou médecine en 2018 à James Allison et Tasuku Honjo pour leurs travaux pionniers dans ce domaine.

Inhibition du récepteur CTLA- 4

 4 Le récepteur CTLA-4 est exprimé à la surface des lymphocytes T régulateurs et peut être activé sur les autres lymphocytes T. Sa liaison à la protéine B7 présente à la surface des cellules présentatrices d'antigènes entraîne l'inhibition de la réponse immunitaire. Les anticorps monoclonaux dirigés contre le CTLA-4 (ipilimumab et trémélimumab notamment) bloquent cette reconnaissance et limitent donc également le freinage immunitaire (cf. figure 1).

Figure 1 :

 1 Figure 1 : Mécanisme d'action des anticorps anti-PD1 et anti-CTLA-4 (12)

  Par ailleurs, d'autres mécanismes ont été exploités pour permettre l'activation du système immunitaire envers les cellules tumorales. Les anticorps bispécifiques permettent le rapprochement géographique du lymphocyte et de la cellule tumorale directement par la liaison à deux antigènes distincts présents indépendamment sur chaque type cellulaire. La figure 2 illustre ce principe avec l'anticorps bispécifique F7AK3 développé pour cibler l'antigène TROP2 fréquent dans les cancers du sein triple-négatifs (en rouge en fluorescence) et la protéine CD3 des lymphocytes T (en vert en fluorescence, le bleu étant commun aux noyaux des deux types cellulaires). Les images de microscopie en fluorescence montrent la mise en contact de la cellule tumorale avec les lymphocytes en présence de l'anticorps (en bas) comparativement au contrôle (en haut).

Figure 2 :

 2 Figure 2 : Un anticorps bi-spécifique (F7AK3), schéma de design à gauche et imagerie de fluorescence à droite(17) 

Figure 3 :B

 3 Figure 3 : Courbes de survie comparatives de 2 essais majeurs de phase III A : nivolumab (anti-PD-1) + ipilimumab (anti-CTLA-4) contre sunitinib (ITK) en 1ère ligne dans le carcinome rénal à cellules claires avancé ou métastatique de pronostic défavorable (survie sans progression) (25) B : pembrolizumab (anti-PD-1) contre chimiothérapie par docétaxel en 2ème ligne dans le cancer bronchique non à petites cellules, avec score PD-L1 TPS > 1 %(survie globale)(26) 

  fréquence et une sévérité variables, cette dernière étant gradée comme pour les autres traitements antitumoraux selon la terminologie internationale de référence (Common Terminology Criteria for Adverse Events ou CTCAE v.5.0). Certaines atteintes sont relativement fréquentes et généralement peu sévères, comme les dysthyroïdies ou le prurit, d'autres plus rares, peuvent être gravissimes comme les myocardites ou le syndrome de Guillain-Barré (28). La figure 4 illustre la grande variété d'irAEs pouvant être observés. Le délai d'apparition de ces toxicités varie selon l'organe atteint et le traitement administré. La figure 5 schématise ces délais moyens, ainsi que la gravité généralement observée pour différentes atteintes d'organes sous traitement anti-PD-1 ou anti-PD-L1.

Figure 4 :Figure 5 :Tableau 2 :

 452 Figure 4 : Atteintes d'organes décrites sous ICI, d'après Postow et al.(29) 

  les traitements parfois très spécialisés, ont créé un pont nouveau entre l'oncologie et la médecine interne, et au-delà avec les différentes spécialités d'organes. De cette nécessité de partage et de collaboration pour optimiser le parcours et la prise en charge des patients est né le concept de réunion de concertation pluridisciplinaire dédiée à ces toxicités. À Montpellier par exemple, cette RCP intitulée ToxImmun se déroule toutes les deux semaines. Elle réunit des praticiens du Centre hospitalier universitaire (CHU) et du Centre de lutte contre le cancer pour discuter des dossiers complexes et inclut des internistes, des oncologues, des spécialistes d'organes (rhumatologues, cardiologues, dermatologues ou pneumologues par exemple), mais aussi des pharmaciens.
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 1 les essais développés par les industriels. Ceux-ci étaient initialement formulés en dosepoids, puis en dose fixe pour tous les patients (flat dose en anglais). Des études de modélisation ont ensuite validé de nouveaux schémas de traitement pour certaines molécules dans des indications spécifiques, dits schémas étendus, avec une double dose et un intervalle entre deux doses doublé également. Par exemple, le nivolumab est validé en schéma standard à 240 mg toutes les 2 semaines, ou en schéma étendu à 480 mg toutes les 4 semaines.On comprend ainsi l'intérêt qu'ont présenté ces nouveaux schémas aux débuts de la crise sanitaire en 2020 lorsque, sur recommandation des autorités de santé, il était demandé de tenter de limiter les venues des patients à l'hôpital. De nombreux malades ont alors bénéficié de schémas étendus, soit d'emblée soit après un schéma standard. Le ressenti des cliniciens semblait en faveur d'une légère majoration des toxicités immuno-induites lors du passage en double dose, mais peu d'études "de vraie vie" avaient comparé ces deux stratégies. Afin de tenter de répondre à cette question, nous avons mené une étude bicentrique rétrospective visant à comparer la survenue de toxicités immuno-induites, en particulier sévères, chez tous les patients ayant initié un ICI selon l'un ou l'autre schéma, pendant une période de deux ans, dans deux centres universitaires montpelliérains : l'Institut du Cancer de Montpellier (ICM) et le CHU de Montpellier. Il s'agit à notre connaissance de la plus importante étude multicentrique sur le sujet, et la première s'intéressant à plusieurs molécules et plusieurs indications. Deuxième partie : Impact des comédications Les comédications sont les traitements pris par le patient concomitamment à son traitement antitumoral, pour prendre en charge ses comorbidités ou pour traiter les symptômes associés au cancer. Elles ont été rapidement considérées comme un élément central pouvant moduler l'efficacité des traitements par ICI. Les corticoïdes en premier lieu ont longtemps été considérés comme incompatibles avec un traitement d'immunothérapie et, on l'a vu, ils sont même employés comme antagonistes pour les toxicités immuno-induites. Plus tard, c'est l'importance du microbiote, principalement intestinal, qui a été mise en évidence, et par suite le rôle potentiellement délétère des traitements pouvant le perturber : antibiotiques et inhibiteurs de la pompe à protons notamment. Enfin de nombreux autres médicaments prescrits régulièrement aux patients d'oncologie ont été suspectés d'être pourvoyeurs de gain ou de perte d'efficacité des ICI, dont la metformine, l'aspirine et les anti-inflammatoires non-stéroïdiens, les bêtabloquants, les inhibiteurs du système rénine-angiotensine-aldostérone, les opiacés ou encore les statines. Cette question est fondamentale quand on connaît la fréquence des comorbidités notamment cardiovasculaires, et des symptômes propres à la maladie cancéreuse, aigus ou chroniques, pour lesquels ces molécules peuvent être indiquées. Une meilleure compréhension des enjeux associés à ces prescriptions, avec des conséquences parfois à très long terme même pour quelques jours de traitement, conduit à évaluer l'équilibre bénéfice-risque de la stratégie thérapeutique globale pour l'optimiser et limiter au maximum une perte de chance pour le patient. Cette deuxième partie a donc consisté en une revue de la littérature scientifique sur le rôle du microbiote et l'impact des thérapeutiques citées sur l'efficacité des ICI. ARTICLE Comparaison de la survenue de toxicités entre schéma standard et schéma étendu double dose d'inhibiteurs de point de contrôle immunitaire Comparison of clinical safety between standard-versus extended-interval dosing of immune checkpoint inhibitors Julien Colard-Thomas a et Claire Manceron b , Claire Duflos c , Fanchon Herman c , Marguerite Simon d , Alexandre T J Maria e,f , Jean-Luc Faillie b,g , Marie Viala a , Pascale Palassin b Affiliations a Département d'oncologie médicale, Institut du cancer de Montpellier, Université de Montpellier, Montpellier, France b Département de pharmacologie médicale et toxicologie, CHU de Montpellier, Université de Montpellier, Montpellier, France c Département d'information médicale, CHU de Montpellier, Université de Montpellier, Montpellier, France d Unité de pharmacie clinique oncologique, CHU de Montpellier, Université de Montpellier, Montpellier, France e Médecine interne & Immuno-Oncologie (MedI2O), Institute for Regenerative Medicine and Biotherapy (IRMB), CHU Saint Éloi, Montpellier, France. f Université de Montpellier, IRMB, Montpellier, France g Université de Montpellier, IDESP INSERM, Montpellier, France Résumé CONTEXTE : Les autorités sanitaires ont récemment approuvé de nouveaux schémas étendus (ED) pour certains anti-PD-1 (nivolumab, pembrolizumab) et anti-PD-L1 (durvalumab) à double dose avec un intervalle entre deux cures doublé, sur la base de simulations pharmacocinétiques prédisant un profil bénéfice-risque comparable aux schémas posologiques standards (SD). Cependant, les données sur la sécurité de ces stratégies en conditions réelles font défaut. OBJECTIFS : Comparer l'incidence des toxicités immuno-induite (irAEs) sévères chez les patients traités par un anti-PD-1 ou un anti-PD-L1 selon l'une ou l'autre des deux stratégies, ainsi que l'incidence des toxicités de tout grade et leurs facteurs de risque. MÉTHODE : Nous avons recueilli rétrospectivement les irAEs à partir des dossiers médicaux chez tous les nouveaux utilisateurs de nivolumab, pembrolizumab ou durvalumab entre le 1er janvier 2019 et le 31 décembre 2020 à travers deux centres d'oncologie en France. Les inhibiteurs de points de contrôle immunitaire (ICI) ont été administrés en régime SD ou ED exclusivement, ou SD puis ED. Nous avons utilisé des modèles de risques proportionnels de
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  irAEs on the probability of progression (OR=0.43; 95%CI: 0.25-0.75). Compared to SD regimen, ED and SD-ED regimens have also been associated with a decreased probability of progression (OR=0.41 95%CI: 0.22-0.77 and OR=0.15 95%CI: 0.10-0.25, respectively).

Figure 1 .

 1 Figure 1. Flow chart of patient selection and irAEs incidence according to the ICI dosing regimen

(

  OS) (18.8 months vs 15.4 months, p = 0.03), independently of PD-L1 tumor proportion score (TPS), Eastern Cooperative Oncology Group Performance Status (ECOG-PS) or antibiotics therapy. The results were even more striking among the 86 patients receiving an ICI alone in first line with 41% ORR vs 19% (p = 0.03), and 59% of long survivors (over 12 months) vs 35% (p = 0.04). Interestingly, further stratification of patients according to their A. m. level (absent, low, high) revealed an association between previous antibiotic exposure and A. m. overabundance, both correlated with decreased survival, suggesting that the importance of A. m. needs a preserved microbial equilibrium. Finally, the team set up a prospective interventional phase 1/2 trial at Gustave Roussy Cancer Hospital to evaluate the contribution of A. m. oral supplementation on the efficacy of ICI treatment for advanced NSCLC and RCC (CSET 3502, EV-2101, no NCT ID).

  Some studies have been able to differentiate the action of antibiotics on the results of immunotherapy according to their class.Ahmed et al. showed no impact on response rate with narrow Gram-positive spectrum antibiotics (vancomycin, daptomycin, linezolid) whereas broad spectrum antibiotics (e.g. β-lactams, quinolones, cyclines) affected both response rate and PFS[START_REF] Ahmed | Use of broad-spectrum antibiotics impacts outcome in patients treated with immune checkpoint inhibitors[END_REF].Chalabi et al. examined the difference in OS between chemotherapy and atezolizumab (anti-PD-L1) for several antibiotic classes without showing any significantly impairing class for ICIs survival (57). Because amoxicillin (AMX) is a widely used penicillin, alone or in association with clavulanic acid (AMC), it is interesting to note that Gaucher et al. found no difference in OS between patients treated with AMX versus AMC, nor between those treated with AMX or AMC versus other antibiotics (6). However, Medik et al. presented interesting outcomes in mice treated with anti-CTLA-4 ICI and metronidazole. The antibiotic-induced shift in microbiome composition was associated with favorable immune microenvironment and more complete tumor regression (58). Using antibiotics to modulate the immune response through bacterial changes could represent an attractive way to improve the action of ICIs (59). This has been explored with oral vancomycin in liver tumors: its action on bile acid metabolism has been associated with chemokine ligand CXCL16 expression. Monge et al. are conducting a Phase 2 single-arm trial of nivolumab with oral vancomycin and tadalafil, a phosphodiesterase inhibitor, in hepatocellular carcinoma (HCC) and liver-dominant metastatic digestive cancers (NCT03785210) (60).

[

  

  However, the objective impact of metformin on ICI efficacy in clinical practice has not been formally proven thus far. Afzal et al. evidenced longer OS and PFS in a small retrospective cohort of ICI-treated patients with metastatic melanoma receiving concomitant metformin (22/55 patients) without reaching statistical significance (OS: 46.7 m vs 28 m, HR 0.40 [95% CI: 0.12, 1.35] p = 0.12; PFS: 19.8 m vs 5 m, HR 0.55 [0.24, 1.24] p = 0.15) (87). The same team published similar trends with patients with NSCLC: non-significant improvement in OS and PFS was found with concomitant metformin (21/50 patients; OS: 11.5 m vs 7.6 m, HR 0.8 [95% CI: 0.39, 1.63] p = 0.5; PFS: 3 m vs 4 m, HR 0.86 [0.47, 1.6] p = 0.6) (88). Recently, Yang et al. found analogous results in a bigger cohort of 466 NSCLC patients. Eighty-nine patients (19%) received metformin from at least 8 weeks before ICI initiation. The study showed significantly higher ORR (24.7% vs 14.8%, p = 0.025) and PFS (5.1 m vs 2.8 m, HR 0.69 [95% CI: 0.52, 0.93] p = 0.013) without difference in OS (89). Phase 1 and 2 trials are currently open to prospectively assess a positive effect of concurrent metformin on anti-PD-1 and anti-PD-L1 treatment for different types of cancer: melanoma (NCT04114136), NSCLC (NCT03048500) or microsatellite stable (MSS)

(

  102). Kokolus et al. showed significantly higher OS in patients with metastatic melanoma receiving ICIs and/or interleukin 2 with concomitant beta blockers, and confirmed the results in a preclinical murine model (103). Mellgard et al. found better disease control (ORR: OR 2.79 [1.54, 5.03] p = 0.001) with no impact on survival in a 339 patients cohort (104). Similar results have been shown in other retrospective studies and meta-analyses (98,101). Oh et al. evidenced beta blocker-associated longer PFS (HR 0.58 [0.36, 0.93]) without benefit on OS in a small retrospective study of 109 patients with NSCLC (105).

Finally, a phase 1

 1 study by Gandhi et al. established a treatment dosing of 30 mg propranolol twice a day combined with pembrolizumab with satisfactory safety in melanoma (106). Phase 2 trials are currently recruiting in order to test this potential positive association in triple negative breast cancer (NCT05741164), urothelial carcinoma (NCT04848519) or melanoma (NCT03384836).

(

  CAFs). Angiotensin-receptor blockers (ARB) have been shown to reprogram CAFs to an immunosupportive state and to diminish T cell inhibition and immunosuppressive factors expression (e.g. interleukins 6 and 10) (107-109). Moreover, RAAS inhibitors' action on tumor microenvironment involves blood vessels decompression and therefore better tumor perfusion allowing hypoxia alleviation and better drug delivery (110). Chauhan et al. designed a tumor-selective ARB that has been associated with improved tumor T cell activity and increased ICI efficacy in animal models, without blood pressurelowering effects (109). The results of real-life studies are divergent. Nuzzo et al. showed encouraging results in metastatic RCC with increased OS (HR 0.35 [0.17, 0.70] p = 0.003) and longer time to treatment failure (HR 0.57 [0.36, 0.92] p = 0.02) (111). Drobni et al. showed higher OS with concurrent RAAS inhibitors in a large retrospective cohort of almost 6,000 ICI-treated patients receiving diverse anti-hypertensive medication (HR 0.92 [0.85, 0.99] p = 0.03) (112). However, Medjebar et al. found an opposite effect in a 178-patient retrospective study, with a decrease in PFS in patients receiving angiotensin-converting enzyme (ACE) inhibitors. Subsequent RNA sequencing of tumor samples suggested an immunosuppressed state in ACE inhibitors group with lower rate of M1 macrophages, activated mast cells, NK cells and memory activated T cells (113). Further studiesideally prospectiveare still needed to answer the question and to prove a benefit in clinical practice. Opioids Strong analgesia is often needed due to intense cancer pain: opioids are therefore widely used in oncology. Morphine-like analgesics include numerous molecules (e.g. morphine, fentanyl, oxycodone, codeine) that have been thought to stimulate tumor progression and metastasis formation because of overexpressed opioid receptors on cancer cells. Their role has also been shown in impairing the immune system through T cell modulation, and in gut flora alterations (114). Hence, the impact of opioid treatments on ICI efficacy was the focus of several retrospective studies (115-117) and meta-analyses (118). The results seem to be in favor of lower response rates and shorter PFS and OS. Yet the breadth of difference in response (e.g. in Tanigushi et al. 2.6% vs 13.5%) (116) or survival (e.g. in Botticelli et al. 3 vs 19 months of PFS, and 4 vs 35 months of OS) (117) suggests the existence of strong biases. The necessity of opioid use is indeed likely associated with poorer general condition, aggressive disease or pejorative metastatic burden and studies with higher level of evidence, if possible, will be needed to conclude a real effect. Statins Statins are cholesterol-lowering agents commonly used in the primary and secondary prevention of cardiovascular disease. They have been thought to potentially interfere with ICI efficacy due to their immune modulation properties. In preclinical models, statins have been shown to inhibit PD-L1 expression on cancer cells by action on multiple signaling pathways such as RAS, AKT or ꞵ-catenin. Their activity also involves enhanced T cell activity in tumor microenvironment as well as in draining lymph nodes (119-121). Retrospective studies found improved survival in malignant pleural mesothelioma and NSCLC (122,123) but meta-analyses are discordant. Yongchao Zhang et al. showed longer OS and PFS based on 5 studies (OS: HR 0.76 [0.63, 0.92] p = 0.005; PFS: HR 0.86 [0.75, 0.99] p = 0.036) (99), while Lei Zhang et al. found no significant association between statin use and OS or PFS based on 8 cohorts including 2382 patients (124).

Figure 1 .

 1 Figure 1. Multiple interactions between drugs, cancer hallmarks and ICI efficacy (red/green: negative/positive impact on ICI efficacy, respectively; ICI: immune checkpoint inhibitor; GC: glucocorticoids; ATB: antibiotics; PPIs: proton pump inhibitors; NSAIDs: non-steroidal anti-inflammatory drugs and aspirin; ꞵB: beta blockers; RAASi: reninangiotensin-aldosterone system inhibitors).

  to evidence-based recommendations: for instance avoiding prophylactic antibiotics or unjustified PPIs. Countermeasures like phages or histamine H2-receptor antagonists are suggested by Derosa et al. among other "microbiota-centered interventions" in immunooncology (e.g. intermittent fasting, fiber intake, aerobic and anaerobic physical exercise) (21). In the absence of other possibilities, if deleterious comedications are required, there must be room for discussing alternatives to initiating immunotherapy such as chemotherapy or targeted therapy. Buti et al. developed and validated a prognostic index based on OS under ICI treatment in patients with baseline comedications which might be helpful. Corticosteroids are assigned 2 points, antibiotics and PPIs 1 point each, generating a 3risk group stratification that significantly predicted OS, PFS and ORR in an external validation cohort: score 0 (good prognosis), score 1-2 (intermediate), 3-4 (poor) (126).

  

  

Tableau 1 : Autorisations européennes de mise sur le marché des ICI en oncologie médicale au 01/03/2023 Indications Anti PD-1 Anti PD-L1 Anti CTLA-4 ± Anti PD-1

  

	Mélanome	A (n,p) L≥1 (n,p)		L≥1 (i*) L≥1 (n+i)
		L1 si non muté et TPS ≥ 50 % (p)	A après RTCT si TPS ≥ 1 % (du)	
	CBNPC	L1+CT si non muté (p) L≥2 après CT (n) L≥2 après CT/TC si TPS ≥ 1 % (p)	A si non muté et TPS ≥ 50 % (at † ) L1+CT±TC si non épid (at) L1 si non muté et TPS ≥ 50 % (at)	L1+CT si non muté (n+i)
		L1 si non muté et TPS ≥ 50 % (c)	L≥2 après CT/TC (at)	
	CBPC		L1+CT puis M (du,at)	
	Mésothéliome pleural			L1 (n+i)
	1 et anti-PD-L1 ont été testés seuls ou en association à une M après L1 CT (av) L≥2 après CT (n † ,p) L≥2 après CT (at) L1 si inéligible à CT et CPS ≥ 10 (p) L1 si inéligible à CT et TPS ≥ 5 % A si CUIM avec TPS ≥ 1 % (n) (at) chimiothérapie, une thérapie ciblée ou une autre immunothérapie, dans toutes les Carcinome urothélial A si risque accru de récidive (p) L1 si risque
	Cancer du rein indications ou presque en oncologie médicale. Les résultats ont été spectaculaires dans L1+TC (n,p) L1+TC (av) intermédiaire ou L≥2 (n) élevé (n+i)
	certains cancers, encourageants dans d'autres, mais parfois aussi très décevants. Carcinome L1±CT si CPS ≥ 1 (p) épidermoïde de la tête et du cou L≥2 après CT (n)
	Certains essais cliniques ont été conçus en population générale, d'autres en séparant les
	groupes de patients sur l'expression du ligand PD-L1 par la tumeur seule (score de
	proportion tumorale, ou TPS), ou par la tumeur et son micro-environnement (score positif
	combiné, ou CPS). Cette variété de design d'études et les différences d'efficacité
	observées selon les sous-groupes ont généré des approbations de traitement différentes
	et selon certains critères précis (cf. Tableau 1).		
	Des résultats probants dans un grand nombre d'études ont octroyé à l'heure actuelle aux
	inhibiteurs de point de contrôle une place de choix dans les recommandations
	internationales. Les traitements validés peuvent être selon les cas néoadjuvants ou
	adjuvants (avant ou après chirurgie, respectivement), en traitement de maintenance après
	chimiothérapie, de consolidation après radio-chimiothérapie concomitante, en première
	ligne de maladie avancée ou métastatique, ou encore en ligne ultérieure. Les anti-CTLA-4
	sont en revanche rarement utilisés comme seule molécule d'immunothérapie.
	Le tableau 1 reprend ces indications en France conformément aux AMM de l'Agence
	européenne du médicament (EMA) au 1 er mars 2023. Cependant, certaines des
	indications validées au niveau européen n'ont pas été suives de l'attribution du
	remboursement par les autorités sanitaires françaises, le service médical rendu n'ayant
	pas été jugé suffisant. Les autorisations d'accès précoce par la Haute Autorité de santé
	(HAS) sont mentionnées, mais les très nombreux essais thérapeutiques en cours ou à
	venir ne sont pas détaillés.		

Cancer de l'oesophage (CO), de la jonction oeso- gastrique (CJOG) ou de l'estomac (CG)

  

		A si CO ou CJOG et maladie	
		résiduelle après RTCT NA (n)	
		L1+CT si CO épid et TPS ≥ 1 % (n)	
		L1+CT si CO ou CJOG HER2-et		L1 si CO épid et
		CPS ≥ 10 (p)		TPS ≥ 1 % (n+i)
		L≥2 si CO épid après CT (n † )	
		L1+CT si ADK HER2-et CPS ≥ 5 (n)	
		L≥2 si CG MSI (p † )	
	Carcinome hépatocellulaire		L1+TC (at)	L1 (du+t) §
	Cancer colorectal	L≥1 si MSI (p)		L≥2 si MSI après CT (n+i)
	Cancer du sein triple négatif	NA+CT puis A seul (p) L1+CT si CPS ≥ 10 (p)	L1+CT si TPS ≥ 1 % (at)

Cancer de l'endomètre L≥2+TC après CT (p) L≥2 après CT si MSI (p † ,do † ) Cancer du col de l'utérus L≥1+CT±TC si CPS ≥ 1 (p) Cancer de l'intestin grêle ou des voies biliaires L≥2

  

	Association à d'autres traitements antitumoraux
	On l'a vu, l'association des ICI à la chimiothérapie est fréquente : carcinome bronchique
	à petites cellules ou non, carcinome épidermoïde de la tête et du cou ou cancers digestifs
	notamment.
	Ces traitements peuvent également être associés à des thérapies ciblées. Dans le
	carcinome hépatocellulaire (CHC) par exemple, l'association d'un anti-PD-L1,
	l'atézolizumab, à un anticorps dirigé contre le facteur de croissance de l'endothélium
	vasculaire (anti-VEGF), le bévacizumab, a bouleversé récemment le pronostic de la
	maladie non résécable avec un gain de 43 % de médiane de survie globale en première
	ligne comparativement au traitement standard (20).
	De même, dans le cancer du rein, les ICI ont reçu les autorisations européennes de mise
	sur le marché en association à un inhibiteur de tyrosine-kinase (ITK) anti-VEGF-récepteur
	en première ligne, et sont utilisés selon ces modalités en particulier chez les patients de
	pronostic favorable.
	Association d'ICI, ou "double immunothérapie"
	Les traitements dits de double immunothérapie reposent à l'heure actuelle principalement
	sur l'association d'un anti-PD-1, le nivolumab, avec un anti-CTLA-4, l'ipilimumab.
	Certaines combinaisons sont validées à l'étranger comme l'association durvalumab-
	trémélimumab (anti-PD-L1 et anti-CTLA-4 respectivement) qui vient d'obtenir une
	autorisation d'accès précoce dans le CHC en février 2023. D'autres sont encore à l'étude
	et n'ont pas encore reçu d'autorisation en France (21).
	Ces combinaisons sont souvent associés à de très bonnes réponses tumorales mais
	si MSI (p † ) également à des toxicités majeures, qui peuvent parfois être limitantes pour leur L1+CT si voies biliaires (du) §
	Cancers cutanés utilisation (21). Ils sont majoritairement employés à l'heure actuelle dans trois indications L1 si épid (c) L≥2 après TC si basocellulaire (c) L≥1 si carcinome à cellules de Merkel (av*)
	CBNPC : cancer bronchique non à petites cellules, CBPC : cancer bronchique à petites cellules principales : le mélanome, le carcinome rénal à cellules claires de pronostic intermédiaire
	non muté : pas de mutation EGFR, pas de translocation ALK p : pembrolizumab, n : nivolumab, c : cémiplimab, do : dostarlimab, at : atézolizumab, av : avélumab, du : durvalumab, ou défavorable et le mésothéliome pleural malin. La liste exhaustive des indications
	i : ipilimumab, t : trémélimumab NA : néo-adjuvant, A : adjuvant, M : maintenance après (radio-)chimiothérapie, Ln : n ème ligne non opérable ou métastatique, validées en France est reprise dans le tableau 1.
	CT : chimiothérapie, TC : thérapie ciblée, RTCT : radio-chimiothérapie concomitante
	TPS : score de proportion tumorale, CPS : score positif combiné
	épid : carcinome épidermoïde, ADK : adénocarcinome, CUIM : carcinome urothélial infiltrant le muscle
	MSI : instabilité microsatellitaire
	À noter :
	* la HAS n'accorde le remboursement à cette spécialité dans cette indication qu'en L≥2
	† la HAS n'accorde pas le remboursement à cette spécialité dans cette indication
	§ autorisation d'accès précoce par la HAS

Changements dans la réponse oncologique et son suivi

  

	Délai de réponse Chez des patients présentant des réponses complètes sous ICI avec disparition de toutes
	Un aspect important à prendre en compte lors du choix du traitement pour la prescription les lésions dans des maladies métastatiques pourtant habituellement rapidement fatales,
	des ICI est le délai de réponse objective attendu. Il est généralement plus long qu'avec la question peut même se poser d'arrêter l'immunothérapie après plusieurs années et de
	une chimiothérapie, de l'ordre de deux à trois semaines. La chimiothérapie est donc considérer une forme de rémission qui ne se présentait jamais avec les traitement
	préférée, seule ou en association à l'immunothérapie, si une réponse tumorale rapide est standard précédents (24).
	attendue pour un symptôme aigu (douleur, dyspnée…) ou en cas d'évolution rapide ou
	menaçante comme c'est le cas par exemple pour les cancers de la tête et du cou (22).
	Pseudo-progression et hyper-progression
	Le suivi radiologique des cancers sous immunothérapie peut être perturbé par deux
	phénomènes spécifiques : la pseudo-progression et l'hyper-progression. La pseudo-
	progression concerne 1 à 10 % des patients et consiste en une impression de progression
	lors des premières évaluations morphologiques sous traitement. Elle est due à un afflux
	de cellules immunitaires dans la tumeur sous l'effet de la levée d'inhibition immune,
	accroissant ainsi la taille des lésions à l'imagerie et simulant une croissance tumorale.
	Cet effet est donc associé à une réponse au traitement et la taille des lésions décroît
	généralement lors des évaluations suivantes (12,23). L'hyper-progression est, au
	contraire, une réelle progression tumorale paradoxale, attisée par le traitement
	d'immunothérapie. Ce phénomène rare, de mécanisme mal connu, n'a pas de définition
	consensuelle et a été rapporté selon les études chez 3 à 9 % des patients (23).
	Longs répondeurs
	Le dernier élément le plus spécifique associé aux traitements par ICI, et qui a beaucoup
	participé au caractère spectaculaire de leur arrivée sur le marché, est le phénomène des
	longs répondeurs. En effet, les courbes de survie "habituelles" (survie globale ou survie
	sans progression) sous chimiothérapie ou thérapie ciblée montrent une décroissance
	progressive du nombre de patients survivants, avec un échappement au traitement et
	une évolution de la maladie qui semblent en règle générale inéluctables.
	L'évolution de ces courbes est souvent différente avec les ICI : on peut en effet observer
	un palier traduisant l'existence d'un certain nombre de patients qui présentent de bonnes
	L'arrivée des ICI a été une révolution en oncologie médicale. Cependant, par leur réponses tumorales prolongées, voire très prolongées. La figure 3 reprend les courbes
	mécanisme d'action très différent de ceux des thérapies plus anciennes, ils ont apporté de survie de deux essais pivots illustrant ce phénomène.
	plusieurs changements à prendre en compte pour leur prescription et leur suivi.

  cohort study was conducted in two French oncology centers, Montpellier Cancer Institute (ICM) and Montpellier University Hospital (CHU), using data from medical records of patients managed from January 1, 2019 to June 30, 2021. Institutional review board approval was obtained by both participating institutions.

	Study population
	Eligible patients were 18 years of age or older and initiated ICI therapy with
	pembrolizumab, nivolumab or durvalumab between January 1, 2019, and December 31,
	2020, with or without chemotherapy or targeted therapy, for any indication as adjuvant or
	metastatic stage treatment. Based on the decision of the physicians and with approval of

the patients, ICIs were administered as SD regimen or ED regimen. Exclusion criteria were combined immunotherapy with an anti-CTLA-4 antibody because of the impossibility to determining which of the ICIs triggers the irAE, previous single or combined ICI treatment, more than one active primary cancer, and initiation of treatment in another hospital and ICI initiation before the selected period.

Data collection

Data were retrospectively and independently collected in both centers from medical records, until last documented follow-up visit or end of the study period. At baseline, demographic and clinical characteristics such as age, sex, type of cancer, pre-existing auto-immune condition, ICIs dosing schedule with initiation dates, and concomitant therapies (radiotherapy, chemotherapy, targeted therapy, immunosuppressive therapy) were extracted. From patients who experienced at least one irAE, we collected time to onset, organ involved, severity, management, and evolution of the adverse drug reaction.

  Our primary analysis used a Cox regression model with time-dependent covariates. The dosing regimen was the first time-dependent covariate, because we included patients

who started their treatment with a SD, and switched to ED. The occurrence of a low-grade irAE (grade < 3) during the SD phase was the second time-dependent covariate: if a patient switched to ED and had experienced a low-grade irAE during SD, this variable switched to "yes". Candidate confounders were age, sex, inclusion center, auto-immunity history, ICI drug, treatment history (radiotherapy, concomitant targeted therapy, chemotherapy or immunosuppressive treatment), cancer organ, and ICI indication (adjuvant or metastatic). We fitted a multivariable model optimizing the Schwartz Bayesian Information Criterion.

  Patient characteristics at baseline are summarized in Table1. The main types of cancer

	were lung adenocarcinoma (n=270, 39.4%), skin melanoma (n=125, 18.2%), squamous
	cell lung cancer (n=64, 9.3%), esophageal squamous cell cancer (n=59, 8.6%), renal cell
	carcinoma (n=47, 6.9%), urothelial carcinoma (n=26, 3.8%), and colorectal
	adenocarcinoma (n=15, 2.2%).

Nearly half of the patients (48.7%) received anti-PD-(L)-1 agents as first line treatment (70.5% in the ED group and 43.3% in the SD group), either as an adjuvant therapy (16.2%) or for metastatic stage (32.5%). At the end of the study period, 96 patients were receiving ongoing immunotherapy: 34 patients from the SD group (8%), 42 patients from the SD-ED group (26%) and 20 patients from the ED group (21%). In total, 316 patients (46.1%) died during follow-up, with a 2-fold higher mortality recorded among patients in SD group compared with ED group.

Nivolumab was the most used ICI among patients in the ED group, either for metastatic stage (42.1%) or as adjuvant therapy (21.1%). The ED regimen was preferred in patients treated for a melanoma as an adjuvant therapy whereas patients with metastatic lung adenocarcinoma were preferably initiated with a SD regimen. ICIs were more frequently used for metastatic stage in SD group. Adjuvant therapy was used to treat 80 patients with melanoma, 28 with lung adenocarcinoma, and 10 with squamous cell carcinomas.

ICIs were widely used as monotherapy; other treatment options included concomitant chemotherapy for patients with lung cancer and concomitant targeted therapy mostly used in patients with renal cell carcinoma.

The main reasons for treatment discontinuation was cancer progression (50.9%) followed by death (13.9%) and occurrence of irAE (11.3%). In other cases, treatment was discontinued due to lost to follow-up, complete or partial response, or completion of adjuvant treatment. The median treatment duration was 50 days [interquartile range (IQR): 21-140] for the SD group and 169 days [IQR:

 

for the ED group.

Table 2

 2 

	).

(21.9%) had two, and 33 (13.9%) presented more than two irAEs. Reported irAEs were predominantly low-grade. Skin and endocrine glands are the main organs affected by low-grade irAEs (46.8% and 18.3% respectively) while 35.5% of grade  3 irAEs involved the gastrointestinal tract. Among the 14 reported vitiligo, 13 (92.9%) occurred in patients treated for a melanoma. Among the 18 documented pneumonitis, 11 (61.1%) were observed in patients with lung cancer.

Median time to onset of any irAE was 100 days [IQR:

]. In the SD group, median time to onset of grade  3 irAEs and any grade were 49.0 days and 58.5 days, respectively. In the ED group, median time to onset of grade  3 irAEs and any grade were 102.5 days and 125.5 days, respectively. Nearly half of grade  3 irAEs (49.5%) and 39.3% of any grade irAEs occurred within the first three months of ICI treatment, irrespective of the dosing schedule. Delayed irAEs were frequent, as evidenced by a total of 81 irAEs (21.5%) that occurred after ICI discontinuation with a median time after discontinuation of 21 days [IQR:

.

Table 1 . Clinical description of the studied population

 1 

	Characteristics	Population	SD regimen	SD to ED regimen	ED regimen
	Gender (n, %)	N = 686	N = 430	N = 161	N = 95
	Male	447 (65.2)	287 (66.7)	109 (67.7)	51 (53.7)
	Female	239 (34.8)	143 (33.3)	52 (32.3)	44 (46.3)
	Age (years)				
	Median (Q1;Q3)	68 (60.0-	68 (60.0-74.0	67 (59.0-74.0)	68 (57.0-74.0)
		74.0)			
	Cancer type (n, %)				
	Adenocarcinoma	291 (42.4)	224 (52.1)	63 (39.1)	4 (4.2)
	Melanoma	154 (22.5)	41 (9.5)	35 (21.7)	78 (82.1)
	Squamous cell carcinoma	136 (19.8)	92 (21.4)	39 (24.2)	5 (5.3)
	Other carcinoma	97 (14.1)	66 (15.4)	23 (14.3)	8 (8.4)
	Lymphoma	5 (0.7)	4 (0.9)	1 (0.6)	0 (0.0)
	Other malignant tumor	3 (0.4)	3 (0.7)	0 (0.0)	0 (0.0)
	Organ cancer (n, %)				
	Lung	355 (51.8)	265 (61.6)	83 (51.6)	7 (7.4)
	Skin	129 (18.8)	32 (7.4)	30 (18.6)	67 (70.5)
	Esophageal	65 (9.5)	41 (9.5)	18 (11.2)	6 (6.3)
	Kidney	50 (7.3)	31 (7.2)	14 (8.7)	5 (5.3)
	Urinary tract	27 (3.9)	21 (4.9)	4 (2.5)	2 (2.1)
	Colorectal	19 (2.8)	12 (2.8)	6 (3.7)	1 (1.1)
	Other	41 (6.0)	28 (6.5)	6 (3.7)	7 (7.4)
	Immune checkpoint inhibitor (n, %)				
	Nivolumab	300 (43.7)	163 (37.9)	77 (47.8)	60 (63.2)
	Pembrolizumab	351 (51.2)	246 (57.2)	70 (43.5)	35 (36.8)
	Durvalumab	35 (5.1)	21 (4.9)	14 (8.7)	0 (0.0)
	Indication (n, %)				
	Metastatic	568 (82.8)	400 (93.0)	122 (75.8)	46 (48.4)
	1 st line	223 (32.5)	159 (37.0)	44 (27.3)	20 (21.1)
	2 nd line	255 (37.2)	178 (41.4)	58 (36.0)	19 (20.0)
	 3 rd line	90 (13.1)	63 (14.7)	20 (12.4)	7 (7.4)
	Adjuvant therapy	118 (17.2)	30 (7.0)	39 (24.2)	49 (51.6)
	ICI schedule (n, %)				
	Monotherapy	590 (86.0)	349 (81.2)	154 (95.7)	87 (91.6)
	Combination with chemotherapy	67 (9.8)	61 (14.2)	5 (3.1)	1 (1.1)
	Combination with target therapy	29 (4.2)	20 (4.7)	2 (1.2)	7 (7.4)
	Prior double immunotherapy (n, %)	402 (58.6)	254 (59.1)	80 (49.7)	68 (71.6)
	Cause for ICI discontinuation (n, %)	N=584	N=395	N=114	N=75
	Cancer progression	297 (50.9)	218 (55.2)	48 (42.1)	31 (41.3)
	Death	81 (13.9)	71 (18.0)	1 (0.9)	9 (12.0)
	Adverse drug reaction	66 (11.3)	45 (11.4)	11 (9.7)	10 (13.3)
	Other cause	140 (24.0)	61 (15.4)	54 (47.4)	25 (33.3)
	Preexisting AI condition (n, %)				
	Yes	111 (16.2)	67 (15.6)	24 (14.9)	20 (21.1)
	No	570 (83.1)	359 (83.5)	137 (85.1)	74 (77.9)
	Unknown	5 (0.7)	4 (0.9)	0 (0.0)	1 (1.1)
	Oncologic response (n, %)				
	Complete	81 (11.8)	22 (5.1)	39 (24.2)	20 (21.1)
	Partial	61 (8.9)	33 (7.7)	23 (14.3)	5 (5.3)
	Stability	144 (21.0)	61 (14.2)	53 (32.9)	30 (31.6)
	Progression	368 (53.6)	287 (66.7)	43 (26.7)	38 (40.0)
	Pseudo-progression	1 (0.2)	0 (0.0)	1 (0.6)	0 (0.0)
	Unknown	31 (4.5)	27 (6.3)	2 (1.2)	2 (2.1)
	Death				
	Yes	316 (46.1)	263 (61.2)	27 (16.8)	26 (27.4)

Table 2 . Description of immune-related adverse events (IrAEs)
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	Types of irAE	Total	IrAEs during	IrAEs during
			SD regimen	ED regimen
	Overall IrAEs	N=377	N=236	N=141
	Cutaneous (n, %)	140 (37.1)	90 (38.1)	50 (35.5)
	Rash	50 (13.3)	35 (14.8)	15 (10.6)
	Psoriasis	15 (4.0)	9 (3.8)	6 (4.3)
	Vitiligo	14 (3.7)	5 (2.1)	9 (6.4)
	Eczema	11 (2.9)	10 (4.2)	1 (0.7)
	Endocrine	61 (16.2)	41 (17.4)	20 (14.2)
	Thyroid dysfunction	45 (11.9)	33 (14.0)	12 (8.5)
	Adrenal insufficiency	8 (2.1)	4 (1.7)	4 (2.8)
	Hypophysitis	6 (1.6)	2 (0.9)	4 (2.8)
	Gastro-intestinal	56 (14.9)	33 (14.0)	23 (16.3)
	Colitis	28 (7.4)	17 (7.2)	11 (7.8)
	Hepatitis	16 (4.2)	10 (4.2)	6 (4.3)
	Pulmonary	18 (4.8)	10 (4.2)	8 (5.7)
	Pneumonitis	18 (4.8)	10 (4.2)	8 (5.7)
	Cardiovascular	12 (3.2)	10 (4.2)	2 (1.4)
	Myocarditis	11 (2.9)	10 (4.2)	1 (0.7)
	Renal	10 (2.7)	10 (4.2)	0 (0.0)
	Nephritis	9 (2.4)	9 (3.8)	0 (0.0)
	Rheumatologic	28 (7.4)	16 (6.8)	12 (8.5)
	Polyarthritis	22 (5.8)	12 (5.1)	10 (7.1)
	Neurologic	5 (1.3)	3 (1.3)	2 (1.4)
	Myositis	1 (0.3)	1 (0.4)	0 (0.0)
	Hematologic	26 (6.9)	14 (5.9)	12 (8.5)
	Hypereosinophilia	19 (5.0)	8 (3.4)	11 (7.8)
	Cytopenia	3 (0.8)	2 (0.9)	1 (0.7)
	Ocular	2 (0.5)	1 (0.4)	1 (0.7)
	Infusion related reaction	3 (0.8)	2 (0.9)	1 (0.7)
	Other toxicities	16 (4.2)	6 (2.5)	10 (7.1)
	CTCAE grade			
	Grade 1-2	284 (75.3)	174 (73.7)	110 (78.0)
	Grade  3	93 (24.7)	62 (26.3)	31 (22.0)
	Action taken with ICI			
	Dose not changed	241 (64.1)	143 (60.6)	98 (69.5)
	Treatment interrupted	73 (19.4)	51 (21.6)	22 (15.6)
	Discontinuation	61 (16.2)	41 (17.4)	20 (14.2)
	Rechallenge after	219 (81.7)	132 (79.0)	87 (86.1)
	discontinuation			
	Unknown	1	1	0
	Corticosteroids			
	Systemic	118 (31.5)	78 (33.1)	40 (28.4)
	> 1 mg/kg	24 (14.9)	15 (14.9)	9 (15.0)
	No	212 (56.5)	134 (56.8)	78 (55.3)
	Local	45 (12.0)	24 (10.2)	21 (14.9)
	Additional therapy	18 (4.9)	12 (5.2)	6 (4.4)
	Evolution			
	Recovered	173 (46.4)	99 (42.3)	74 (52.5)
	Recovered with sequelae	52 (13.9)	36 (15.4)	16 (11.4)
	Recovering	41 (11.0)	29 (12.4)	12 (8.5)
	Not recovered	88 (23.6)	56 (23.9)	32 (22.7)
	Death	4 (1.1)	3 (1.3)	1 (0.7)
	Presumed IrAE related death	10 (2.7)	8 (3.4)	2 (1.4)

Table 3 . Cox proportional hazards models comparing the incidence of grade ≥ 3 irAEs
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	Variable	Category	n	Univariate HR [95% CI], p-value	Multivariate HR [95% CI], p-value
	Gender	M vs F	686	1.15 [0.72-1.85], 0.564 1.304 [0.78-2.19], 0.316
	Centre	ICM vs CHU	686	0.76 [0.47-1.22], 0.252 0.79 [0.46-1.38], 0.412
	AI medical history	Yes vs No	681	2.30 [1.41-3.75], 0.0008 2.55 [1.53-4.26], <10 -4
	Type of ICI	Durvalumab vs pembrolizumab	686	0.16 [0.02-1.15], 0.069 0.17 [0.02-1.53], 0.115
		Nivolumab vs pembrolizumab		0.68 [0.43-1.08], 0.101 0.67 [0.38-1.19], 0.169
	Indication	Adjuvant vs metastatic	686	0.68 [0.37-1.25], 0.214 0.93 [0.38-2.30], 0.876
	Dosing regimen ED vs SD regimen	686	1.20 [0.71-2.01], 0.497 1.39 [0.69-2.80], 0.362
		Esophageal vs lung	686	0.39 [0.12-1.27], 0.118 0.50 [0.14-1.77], 0.284
	Organ	Others vs lung		0.20 [0.03-1.47], 0.114 0.18 [0.02-1.34], 0.094
		Colorectal vs lung		1.42 [0.44-4.58], 0.558 1.16 [0.27-5.04], 0.841
		Skin vs lung		0.94 [0.53-1.68], 0.843 0.64 [0.28-1.48], 0.299
		Kidney vs lung		1.59 [0.77-3.26], 0.210 1.49 [0.59-3.75], 0.398
		Urinary tract vs lung		1.53 [0.55-4.26], 0.420 1.29 [0.44-3.77], 0.648
	Concomitant targeted therapy	Yes vs No	685	1.62 [0.59-4.44], 0.350 1.2 [0.36-3.98], 0.766
	Concomitant chemotherapy	Yes vs No	686	0.99 [0.48-2.07], 0.993 0.85 [0.37-1.92], 0.688
	IS	Yes vs No	680	1.37 [0.59-3.16], 0.458 1.17 [0.49-2.78], 0.724
	Tox S1	Yes vs No	686	1.01 [0.47-2.21], 0.973 1.11 [0.24-5.12], 0.895

ED: extended interval dosing; IS: immunosuppressive therapy; SD: standard interval dosing; AI medical history: Autoimmune medical history; Tox S1: Effect of the occurrence of a low grade IrAE during SD regimen in the SD-ED group ICM: Montpellier Cancer Institute; CHU: Montpellier University Hospital

Table 4 : Cox proportional hazards models comparing the incidence of any grade irAEs
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	Variable	Category	n	Univariate HR [95% CI], p-value	Multivariate HR [95% CI], p-value
	Gender	M vs F	686	0.99 [0.76-1.29], 0.96	1.13 [0.84-1.50], 0.420
	Centre	ICM vs CHU	686	0.59 [0.45-0.78], 0.0001	0.58 [0.42-0.80], 0.001
	AI medical history	Yes vs No	681	1.67 [1.23-2.27], 0.001	1.57 [1.14-2.17], 0.006
	Type of ICI	Durvalumab vs pembrolizumab	686	0.48 [0.24-0.93], 0.031	0.37 [0.16-0.85], 0.019
		Nivolumab vs pembrolizumab		0.76 [0.58-0.99], 0.038	0.68 [0.50-0.93], 0.016
	Indication	Adjuvant vs metastatic 686	1.22 [0.91-1.64], 0.19	1.33 [0.83-2.13], 0.235
	Dosing regimen	ED vs SD regimen	686	1.48 [1.08-1.93], 0.013	1.46 [1.00-2.12], 0.048
		Esophageal vs lung	686	0.63 [0.36-1.09], 0.097	0.83 [0.45-1.53], 0.543
	Organ	Others vs lung		0.93 [0.52-1.64], 0.789	0.69 [0.38-1.27], 0.230
		Colorectal vs lung		0.93 [0.41-2.11], 0.862	0.97 [0.39-2.42], 0.96
		Skin vs lung		1.23 [0.89-1.68], 0.207	0.69 [0.43-1.10], 0.12
		Kidney vs lung		1.25 [0.77-2.03], 0.368	1.15 [0.65-2.06], 0.631
		Urinary tract vs lung		1.24 [0.63-2.45], 0.532	0.92 [0.44-1.93], 0.833
	Concomitant targeted therapy	Yes vs No	685	1.06 [0.52-2.15], 0.867	0.89 [0.40-1.96], 0.764
	Concomitant chemotherapy	Yes vs No	686	0.77 [0.48-1.21], 0.255	0.56 [0.34-0.95], 0.03
	IS	Yes vs No	680	1.03 [0.60-1.77], 0.918	0.99 [0.55-1.76], 0.963
	ED: extended interval dosing; IS: immunosuppressive therapy; SD: standard interval dosing; AI medical
	history: Autoimmune medical history; NR: No Radiotherapy	
	ICM: Montpellier Cancer Institute; CHU: Montpellier University Hospital	

analysé ces interactions sont parfois discordants et il est difficile pour le clinicien de définir une conduite claire face à des objectifs divergents entre résultats oncologiques optimaux et prise en charge des complications et des comorbidités.

Table 5 : Studies analyzing the impact of proton pump inhibitors on response rate and survival with ICI and/or chemotherapy treatment
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		n patients Subgroup ORR /total (%) [CI [CI 95%] OS [CI 95%] 95%] PFS	286/896 1.38 [1.18, 1.62], p < 0.001 HR: 1.52 [1.27, 1.83], p < 0.001 (32) Pooled atezo OR: 0.51 [0.32, 0.82], p = 0.006 HR:	185/464 1.11 [0.89, 1.37], p = 0.35 HR: 1.16 [0.93, 0.2 1.47], p = (40) CT OR: 1.04 [0.64, 1.71], p = 0.2 HR:	272 0.033 0.71 [0.49, 0.65 [0.44, 0.97], p = 0.07 HR: 1.03], p = Atezo + PPI: A vs B -HR:	234/757 0.001 9.6 m vs 14.5 1.45 [1.20, 1.75], p < m HR: 0.001 1.9 m 2.8 m 1.53], p = vs 1.30 [1.10, HR: (31) Pooled atezo -	260/755 (34) CT
	non-significant results)	Type of Treatment PPI cancer schema	UC CT (IMvigor210, Atezo or Within 30 d before (A) or after (B) ICI 211) initiation	NSCLC (OAK, POPLAR) before Atezo or CT Within 30 d or after ICI initiation
	(in gray:	Author	(year)	Hopkins	(2020)	(71)		Chalabi	(2020)	(57)
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Abstract

BACKGROUND: Extended-interval dosing (ED) for inhibitors of programmed cell death protein 1 (anti-PD-1) (nivolumab, pembrolizumab) or its ligand (anti-PD-L1) (durvalumab) were recently approved by European Medicines Agency (EMA) based on pharmacokinetic model simulation results that predicted a benefit-risk profile comparable to the standard dosing (SD) regimen. However, safety data in real-world condition of use are lacking. OBJECTIVE: To compare the incidence and the risk factors of serious immune related adverse events (irAEs) and any grade irAEs between SD and ED regimen in patients treated with an anti-PD-1 or anti-PD-L1. METHODS: We retrospectively assessed irAEs from medical records in all new users of nivolumab, pembrolizumab or durvalumab between January 1, 2019 and December 31, 2020 across two oncology centers in France. Immune checkpoint inhibitors (ICI) were administered as SD or ED regimen. We used Cox proportional hazards models to compare the incidence of irAEs between both dosing regimens, adjusting for the main available confounders. RESULTS: Among the 686 patients included, we identified 430 new users of a SD regimen only, 161 patients who started with SD and switched to ED regimen during followup, and 95 new users of an ED regimen only. Overall, 377 irAEs were reported among 237 patients: 34.6% experienced at least one irAE of any grade and 11.4% presented at least one serious grade  3 irAE. There was no statistically significant difference when comparing SD regimen versus ED regimen on the risk of grade  3 irAEs (adjusted HR 1.39, 95%CI: 0.69-2.80) but our results suggest an increased risk of any grade irAEs with ED regimen (adjusted HR 1.46, 95%CI: 1.00-2.12, p=0.048). IrAEs resolved without sequelae in 46.4% of cases, they were fatal for 3 patients (0.4%). Autoimmune preexisting condition was confirmed as a risk factor for grade  3 irAEs (HR 2.55; 95%CI:

1.53-4.26) and for all grade irAEs (HR 1.57; 95%CI: 1.14-2.17).

CONCLUSION: In a real-world setting, we did not observe an increase in serious irAE incidence between SD versus ED regimen. This study suggests that ICI safety is not correlated to the chosen dosing schedule. Consequently, the choice of the best dosing regimen belongs to the oncologist, taking into account the patient's general condition.
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Abstract

Immune checkpoint inhibitors (ICIs) have been a major breakthrough in solid oncology over the past decade. The immune system and the gut microbiota are involved in their complex mechanism of action. However, drug interactions have been suspected of disrupting the fine equilibrium necessary to optimal ICI efficacy. Thus, clinicians are facing a great deal of sometimes contradictory information on comedications with ICIs and must at times oppose conflicting objectives between oncological response and comorbidities or complications.

We conducted a review of the literature on the role of the microbiota in ICI efficacy, and the impact of comedications. We found mostly concordant data on detrimental action of concurrent corticosteroids, antibiotics and proton pump inhibitors. The timeframe seems to be an important variable each time to preserve an initial immune priming at ICIs initiation.

Other molecules have been associated with improved or impaired ICIs outcomes in preclinical models with discordant conclusion in retrospective clinical studies. We compiled the results of the main studies concerning metformin, aspirin and non-steroidal antiinflammatory drugs, beta blockers, renin-angiotensin-aldosterone system inhibitors, opioids and statins.

In conclusion, one should always assess the necessity of concomitant treatment according to evidence-based recommendations, and discuss the possibility of postponing ICI initiation or switching strategies to preserve the critical window.

Impact of antibiotics on ICIs response according to histology

Many retrospective studies have analyzed the effect of antibiotics on response rate and survival among patients receiving ICIs, the results of some of them are compiled in Table 3. Antibiotics seem to alter progression-free and overall survival regardless of the histology of cancer. Routy et al. found decreased OS in patients with NSCLC, confirmed in NSCLC validation cohort, and decreased PFS in patients with renal cell cancer and urothelial cancer (18). These results were confirmed in the same team's prospective NSCLC cohort: exposure to antibiotics was associated with poorer survival in both groups exhibiting fecal Akkermansia muciniphila or not (19).

Specificities under immunotherapy versus chemotherapy

Cortellini et al. added a second cohort in their retrospective study of patients treated with chemotherapy alone. Interestingly, the use of antibiotics has no impact on chemotherapy efficacy [START_REF] Cortellini | Differential influence of antibiotic therapy and other medications on oncological outcomes of patients with non-small cell lung cancer treated with first-line pembrolizumab versus cytotoxic chemotherapy[END_REF]. Although patients in the immunotherapy arm were significantly older and more frequently with an ECOG-PS ≥ 2, these results suggest a real impact of antibiotics on specific immune response rather than a bias towards survival due to initially poorer prognosis of patients needing such treatments. Cortellini et al. published another international retrospective study to estimate the effect of antibiotics on response and survival in patients with NSCLC treated with first-line chemo-immunotherapy combination [START_REF] Cortellini | Antibioticexposed patients with non-small-cell lung cancer preserve efficacy outcomes following first-line chemo-immunotherapy[END_REF]. No association was found with this treatment modality, even among patients with a high TPS score of 50% or more. Among the antibiotic therapies preceding antitumor treatment, the modality of administration (intravenous or oral) or duration (≥ or < 7 days) did not show any significant impact either.

Importance of the antibiotic treatment modality: timing and duration

Table 4 summarizes some systematic reviews and meta-analyses on the subject, including subgroup analyses on histology and/or chronology of antibiotics and ICI treatment. If no major differences seem to emerge from the type of cancer, the numerous studies highlight one discernible point on the timing of antibiotic therapy in relation with the initiation of treatment with ICI. There is apparently a window of maximum deleterious effect, approximately between the month before and the month after the beginning of immunotherapy. The importance of this pivotal period probably reflects the lasting impact of dysbiosis-induced immune "priming" perturbation [START_REF] Hussain | Concomitant medications and immune checkpoint inhibitor therapy for cancer: causation or association?[END_REF].

Importance of timing

Once again, a critical period associated with more negative results emerges from these studies and involves about 30 days before and after the start of immunotherapy.

Subgroup analyses investigating the effect of PPIs after initiation of ICI treatment do not evidence significant decreased survival [START_REF] Liu | An Up-To-Date Investigation Into the Correlation Between Proton Pump Inhibitor Use and the Clinical Efficacy of Immune Checkpoint Inhibitors in Advanced Solid Cancers: A Systematic Review and Meta-Analysis[END_REF][START_REF] Chen | Association of proton pump inhibitor use with survival outcomes in cancer patients treated with immune checkpoint inhibitors: a systematic review and meta-analysis[END_REF]. Thus, the importance of a preserved initial immune priming can once more be hypothesized.

Type of ICI

Pooled randomized trials on atezolizumab alone showed loss of efficacy when associated with PPIs. Yet all retrospective studies with multiple ICIs did not find a similar impact (table 5). Supposing that atezolizumab is more susceptible to be less effective with concurrent PPI, this could explain why meta-analyses evidenced decreased effectiveness of ICIs in NSCLC subgroup and no association in melanoma and RCC (table 6), as atezolizumab is mostly prescribed for NSCLC. But formal comparison of ICI molecules is needed to support this hypothesis.

Retune the microbiota to restore ICI efficacy?

The negative impact of PPIs on ICI survival could result from profound gut flora perturbations. Tomita et al. reported significantly better OS and PFS in a small retrospective study among PPI-using patients with NSCLC treated with ICIs when receiving oral supplementation with Clostridium butyricum (OS: HR 0.42 [95% CI: 0.19, 0.92] p = 0.03; PFS: HR 0.52 [0.29, 0.94] p = 0.03). The oral supplementation was also associated in patients' stools with decreased oral pathogens (e.g. Atopobium, Streptococcus) as well as increased gut bacteria Bifidobacterium spp which has been associated with ICI efficacy in previous studies [START_REF] Tomita | Clostridium butyricum therapy restores the decreased efficacy of immune checkpoint blockade in lung cancer patients receiving proton pump inhibitors[END_REF]. Je donnerai mes soins gratuits à l'indigent et n'exigerai jamais un salaire au-dessus de mon travail.

Admis dans l'intérieur des maisons, mes yeux ne verront pas ce qui s'y passe, ma langue taira les secrets qui me seront confiés, et mon état ne servira pas à corrompre les moeurs, ni à favoriser le crime.

Respectueux et reconnaissant envers mes Maîtres, je rendrai à leurs enfants l'instruction que j'ai reçue de leurs pères.

Que les hommes m'accordent leur estime si je suis fidèle à mes promesses. Que je sois couvert d'opprobre et méprisé de mes confrères si j'y manque.

RÉSUMÉ

Les inhibiteurs de point de contrôle immunitaire sont des traitements d'immunothérapie ayant connu un essor depuis les années 2010 dans la prise en charge des tumeurs solides. Leur mécanisme d'action complexe implique le système immunitaire et le microbiote intestinal, et a conduit à un nouveau paradigme dans la gestion des patients, en particulier pour la prise en charge de toxicités spécifiques, dites immuno-induites. Depuis la pandémie de Covid-19, les schémas d'immunothérapie double dose (schémas étendus) ont été plus largement prescrits afin de réduire les passages à l'hôpital pour les patients. Cette stratégie était initialement fondée sur des données d'équivalence pharmacocinétique mais peu d'études ont analysé la tolérance de ces protocoles en conditions réelles. Nous avons mené une étude rétrospective incluant 686 patients ayant reçu un schéma étendu et/ou standard, en premier traitement d'immunothérapie, dans deux centres hospitaliers montpelliérains entre 2019 et 2021. L'objectif principal était d'étudier les toxicités graves chez les patients en schéma étendu en comparaison au schéma standard. Aucune différence de toxicité sévère n'a été mise en évidence entre les deux stratégies, avec cependant une majoration des toxicités de tout grade sous schéma étendu. D'autre part, une réduction de l'efficacité des inhibiteurs de point de contrôle pouvant affecter la survie des patients a été suspectée pour de nombreux médicaments, notamment par un effet délétère sur le microbiote. Nous avons mené une revue de la littérature scientifique sur le sujet et compilé les principales études et méta-analyses recherchant un impact des comédications sur les résultats de l'immunothérapie. Trois familles de molécules très largement prescrites apparaissent comme les plus dommageables : les corticoïdes, les antibiotiques et les inhibiteurs de la pompe à proton. L'ensemble de ces résultats invite à élaborer une stratégie thérapeutique globale dans la prise en charge de ces patients.

Immune checkpoint inhibitors: extended-interval dosing strategy versus standard strategy, comedications, how do they affect patients?

Immune checkpoint inhibitors are immunotherapy treatments that have become the standard of care for an increasing number of solid tumors. Their complex mechanism of action involves the immune system and the gut microbiota. They have generated a new paradigm in patient management, including for the treatment of specific toxicities known as immune-related. New extended-interval dosing strategies based on pharmacokinetic simulations have been widely used during the Covid-19 pandemic to reduce hospital visits. However, few studies have examined the tolerance of these protocols in real-life conditions. We conducted a retrospective study for 686 patients receiving extended and/or standard regimen, as their first immunotherapy treatment, in two Montpellier hospitals between 2019 and 2021. Primary outcome was difference in grade ≥ 3 immune-related adverse events with extended-interval regimen. We found no difference in severe toxicity between the two strategies, yet we evidenced an increase in toxicities of all grades with extended regimen. In addition, several drugs have been thought to reduce the efficacy of checkpoint inhibitors and to affect patient survival, mostly through deleterious effects on the microbiota. We performed a review of the literature on the subject and compiled the main studies and meta-analyses looking for an impact of comedications on the results of immunotherapy. Three families of widely prescribed molecules appear to be the most detrimental: corticosteroids, antibiotics and proton pump inhibitors. All these results suggest the necessity of a global therapeutic strategy for these patients.

SPECIALITÉ : Oncologie médicale

MOTS-CLÉS :

Cancer, immunothérapie, inhibiteurs de point de contrôle immunitaire, schéma double dose, toxicité immuno-induite, corticoïdes, antibiothérapie, inhibiteurs de la pompe à protons