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Reporting infectious complications in haematology clinical trials should be improved

In this issue, Tau et al. discuss the results of a systematic review about reporting infections in clinical trials of patients with haematological malignancies [START_REF] Tau | Reporting infections in clinical trials of patients with haematological malignanices -a systematic review[END_REF]. The authors show the need for improving the way to report these complications, otherwise new drugs may become available for routine use while their main complications are still unknown. This caveat results in a lack of management strategies prior to the routine use of a new drug. This concern had been previously discussed in the consensus document of the European Hematology Association Roadmap for Research in Hematology [START_REF] Engert | The European Hematology Association Roadmap for European Hematology Research: a consensus document[END_REF] and more recently by the European Conference on Infections in Leukemia in a position paper by G.

Maschmeyer et al. (3).

Assessing 107 randomized, phase 2 or 3 controlled trials in various haematological malignancies published between 2016-2018, Tau et al. show that, although most trials provided some data on infections, the way of reporting infections was mostly incomplete, and also unclear about the site and responsible pathogen of infections. The authors graded the quality of reporting according to a modified system of the CONSORT check list and the median grading of the trials was 7 on a 0-15 scale. Of note, the 34 analyzed acute leukaemia trials had a lower median grading when compared to trials in other diseases. This is surprising because, apart from stem cell transplant recipients, acute leukaemia patients are among those with the highest rate of infectious complications due to several phases of high-risk, prolonged neutropenia. Several hypotheses may explain this finding: [START_REF] Tau | Reporting infections in clinical trials of patients with haematological malignanices -a systematic review[END_REF] investigators use to see frequent and sometimes severe infections in acute leukaemia patients since decades and may consider infections as an unavoidable fatality; (2) although the number of febrile days is high during prolonged neutropenia, while the mortality rate during induction is actually no more than 5%, the investigators do not pay so much attention to fever and to the exact type and cause of infections in this situation.

Important information on the side effects of a drug may emerge from its routine use, due to the larger number and diversity of treated patients and also the larger number of sites and prescribers than in phase 2 or phase 3 trials, Therefore, regulatory authorities should require post-marketing phase IV prospective studies focused on safety and tolerability of the new drug. However, more must be done to properly collect these data in the pre-marketing prospective trials. The fact that a specific infectious risk was not identified in large phase 2 or 3 studies may be inherent to the design of the study. For example, patients with hepatitis B virus (HBV) markers are mostly excluded from prospective studies. Although this exclusion criterion is usually mentioned in the study protocol, it is not always mentioned in the final publication. In the case of ruxolitinib studied in myelofibrosis and polycythaemia vera, this exclusion probably explains why the risk of HBV reactivation, which has been illustrated by several case reports after licensing the drug (3) and was the matter of prophylaxis proposals (4), was not identified from the pivotal studies. This risk could have been expected from the mechanisms of action of the drug, but was probably poorly anticipated in patients previously treated with hydroxyurea or no drug at all and who were, until now, not considered as high risk patients for HBV reactivation.

In other instances, the infectious risk could have been identified if the data collection had been more focused on it since the early phases of trial development. This is likely the case with ibrutinib.

Ibrutinib is an irreversible Bruton tyrosine kinase inhibitor which impairs several main immune cells and functions, including B-cell maturation, activation and differentiation, and B-cell interactions with the microenvironment, and also myeloid cells and functions such as chemo-attraction and adhesion of neutrophils, production of cytokines in monocytes, phagocytosis functions of macrophages and Th2 responses [START_REF] Rogers | Ibrutinib and fungus: an invasive concern[END_REF][START_REF] Tillman | Systematic review of infectious events with the Bruton tyrosine kinase inhibitor ibrutinib in the treatment of hematologic malignancies[END_REF]. Therefore, due to these "off-target" effects, infectious complications were expected, even in monotherapy. Ibrutinib has been approved by the FDA and the EMEA for various Bcell malignancies including first-line chronic lymphocytic leukaemia (CLL) on the basis of open and randomized studies. In none of these trials conducted in CLL, mantle-cell lymphoma, Waldenström macroglobulinemia or lymphocytic lymphoma, except in a small phase Ib study on central nervous system lymphoma [START_REF] Lionakis | Inhibition of B Cell Receptor Signaling by Ibrutinib in Primary CNS Lymphoma[END_REF], has an unexpected rate of invasive fungal diseases (IFD) been reported (3)except for Pneumocystis jirovecii pneumonia, an infection which is not unusual in lymphoproliferative disorders. Once the drug was available, several teams reported cases of cryptococcal disease, endemic mycosis, aspergillosis and mucormycosis on ibrutinib treatment, either alone or associated to other drugs [START_REF] Chamilos | Call for Action: Invasive Fungal Infections Associated With Ibrutinib and Other Small Molecule Kinase Inhibitors Targeting Immune Signaling Pathways[END_REF]. In 2018, two retrospective studies, one performed in New York [START_REF] Varughese | Serious Infections in Patients Receiving Ibrutinib for Treatment of Lymphoid Cancer[END_REF], and one in France [START_REF] Ghez | Early-onset invasive aspergillosis and other fungal infections in patients treated with ibrutinib[END_REF], enlighted the risk of IFD under ibrutinib. Varughese et al. analyzed 378 patients who had received ibrutinib -including 84% as monotherapy -for various lymphoproliferative diseases over 5 consecutive years. They reported an incidence of IFD -excluding Pneumocystis pneumonia -of 4.2% and highlighted that most of these patients had no classical risk factors for IFD, eg. neutropenia, lymphopenia or corticosteroids, supporting that ibrutinib favors IFD by itself. Ghez et al. reported 33 cases of IFD, including one case of Pneumocystis pneumonia and 27 cases of invasive aspergillosis, collected in 16 centers in patients treated with ibrutinib, alone or combined, for relapsed or refractory lymphoproliferative malignancies [START_REF] Ghez | Early-onset invasive aspergillosis and other fungal infections in patients treated with ibrutinib[END_REF]. What was surprising in this series was that 11/27 (41%) patients had a brain involvement of aspergillosis, a rare feature in invasive aspergillosis.

Unfortunately, Ghez et al. did not provide any denominator so that the incidence of IFD was unknown. Although these patients had many other risk factors for IFD, the occurrence of cerebral aspergillosis is uncommon enough to draw the attention of the community. We can hypothesize that with a more precise and exhaustive way to collect infection data in the prospective trials, this risk could have been anticipated and better numerically defined. With an incidence currently below 5% in retrospective studies, this does not call for antifungal prophylaxis [START_REF] Maertens | European guidelines for primary antifungal prophylaxis in adult haematology patients: summary of the updated recommendations from the European Conference on Infections in Leukaemia[END_REF] since it would be unnecessary in most patients and could raise major drug-drug interference issues. However, there is now no doubt that this risk exists, and needs vigilance and prospective assessment. The mechanisms by which ibrutinib favors IFD are still unknown but currently explored.

How to collect the infectious data?

Tau et al. make suggestions for properly collecting infection data in such trials. In our opinion, knowing that several groups have been working and still work on customized definitions of specific infections in immunocompromised patients, it would be important, as far as possible, to use the more recent versions of published, international consensus definitions for these patients. For example, reporting invasive fungal diseases should stick to the last version of the EORTC-MSG definitions [START_REF] De Pauw | Revised definitions of invasive fungal disease from the European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) consensus group[END_REF]. CMV infections and diseases should be reported according to the more recent version of the consensus definitions after transplantation [START_REF] Ljungman | Definitions of Cytomegalovirus Infection and Disease in Transplant Patients for Use in Clinical Trials[END_REF]. Similarly, reporting respiratory virus infections can be done according to definitions proposed by investigators or groups who have a recognized expertise in the field [START_REF] Hirsch | An international multicenter performance analysis of cytomegalovirus load tests[END_REF][START_REF] Schiffer | Timing and severity of community acquired respiratory virus infections after myeloablative versus non-myeloablative hematopoietic stem cell transplantation[END_REF][START_REF] Vilar-Compte | Influenza in patients with hematological malignancies: Experience at two comprehensive cancer centers[END_REF]. Although these definitions may have sometimes been designed for clinical trials in other immunocompromised patient populations, and not specifically for non-transplanted haematology patients, physicians and data managers of haematology units are usually familiar with them, so that the quality of the data should be optimal. It is also important to clearly collect which anti-infectious prophylactic strategies were used during the trial since this will impact the risk for specific infections. In parallel, the infectious complications should be reported precisely, crossing the category of infection (bacterial, fungal, viral, other), the responsible pathogen, the site of infection, and the severity.

In case no specific definition exists for a given infection in immunocompromised patients, the usual definitions for patients considered as healthy should be used [START_REF] Stevens | Practice guidelines for the diagnosis and management of skin and soft tissue infections: 2014 update by the Infectious Diseases Society of America[END_REF]. In any case, the definitions chosen for reporting infections in a given trial should be clearly mentioned in the study protocol, and reported as such in the results. These definitions should be associated with recommendations for diagnostic procedures in specific situations such as pneumonia and the investigators should be encouraged to document any suspicion of infection (ie. fever, lung infiltrates). This is crucial not only to get a right infectious diagnosis, but also because some of the new drugs for haematological malignancies -idelalisib, mTOR inhibitors, checkpoint inhibitors or ibrutinib -may induce immunerelated pneumonitis which implies a completely different management. However, without exhaustive investigations, the distinction between infectious pneumonia and drug-induced pneumonitis is just impossible. Moreover, although the severity grading is often inherent to the above mentioned definitions (eg. proven, probable and possible invasive fungal diseases), it can be further detailed according to the last version of the Common Terminology Criteria for Adverse Events (CTCAE). A special attention should be paid to the infections which are highly expected according to the mechanism of action of the drug.

The report by Tau et al. clearly illustrates the need for improving the quality of data for reporting infectious complications in haematology trials. This needs common efforts of the trial sponsors, the investigators, and the journals, but will be the only way to have clean data on the infectious risk before a drug is licensed, and to consequently elaborate management strategies adapted to this risk.

Pending to get this ideal world, haematologists using new drugs should consider that any infectious complication, not previously reported in phase II or phase III trials, can occur and need specific measures, and we encourage them to report these complications as soon as possible, not only as case reports but also through common database open to all prescriber parties of the recently marketed drugs. Moreover, because many of these drugs are evaluated and used not only in haematology but also in other specialities such as dermatology, gastro-enterology or rheumatology, similar rules should apply for the non-haematology patients treated with these drugs.
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