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In 2016, the European Hematology Association (EHA) published the EHA Roadmap for European Hematology Research! aiming
to highlight achievements in the diagnostics and treatment of blood disorders and to better inform European policymakers and other
stakeholders about the urgent clinical and scientific needs and priorities in the field of hematology. Each section was coordinated by 1
to 2 section editors who were leading international experts in the field. In the 5 years that have followed, advances in the field of hema-
tology have been plentiful. As such, EHA is pleased to present an updated Research Roadmap, now including 11 sections, each of which
will be published separately. The updated EHA Research Roadmap identifies the most urgent priorities in hematology research and clin-
ical science, therefore supporting a more informed, focused, and ideally a more funded future for European hematology research. The
11 EHA Research Roadmap sections include Normal Hematopoiesis; Malignant Lymphoid Diseases; Malignant Myeloid Diseases;
Anemias and Related Diseases; Platelet Disorders; Blood Coagulation and Hemostatic Disorders; Transfusion Medicine; Infections in
Hematology; Hematopoietic Stem Cell Transplantation; CAR-T and Other Cell-based Immune Therapies; and Gene Therapy.

The authors dedicate this section to the memory of the late Professor Claudio Viscoli, who contributed as a co-author on the sub-
section “Non-neutropenic hematology patients including those treated with new targeted therapies.” Claudio Viscoli, who was
an infectious diseases specialist, has been a pioneer in the understanding and management of infections in immunocompromised
hosts, especially hematology patients. Being a leader of major international initiatives and achievements, Claudio was a mentor
and a constant inspiration for many infectious diseases specialists and hematologists and has vigorously encouraged clinical

research in these patient populations.

ince the initial publication of the EHA Roadmap, major
advances have been achieved in the management of infec-
tious complications in the hematology ward. One of the
best examples is the development of letermovir for the pro-
phylaxis of cytomegalovirus (CMV) reactivation in seropositive
allogeneic hematopoietic stem cell transplantation (HSCT) recip-
ients. Concomitantly, many new therapies have been developed
for various hematologic malignancies, providing new infectious
risks. Europe as a whole and many national societies have highly
contributed to research in this field, including but not limited
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to large groups such as the European Group for Blood and
Marrow Transplantation (EBMT), the European Organization
for Research and Treatment of Cancer, and the European
Society of Clinical Microbiology and Infectious Diseases. Also,
over the last 15 years, the European Conference on Infection in
Leukaemia (ECIL) has elaborated specific guidelines for diagno-
sis, prevention, and treatment on the main infectious complica-
tions in patients with hematological disorders. In addition, an
EHA Scientific Working Group on Infections in Hematology was
installed in 2017. Despite all this progress, much remains to be
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done to understand the mechanisms leading to infectious com-
plications in hematologic malignancies and to develop pertinent
strategies to overcome or decrease the risks. Also, the ongoing
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic has emphasized the need for national and interna-
tional collaboration using big data, computer modeling, and
machine-learning models for evidence-informed medicine.

Infections in HSCT recipients

Introduction

Infections have been major obstacles to the success of allo-
geneic stem cell transplantation. Transplant strategies are con-
tinuously evolving with the introduction of new conditioning
regimens and an increased utilization of haploidentical donors.
Many of these newer approaches will affect the dynamics,
sequence, and degree of immune reconstitution as well as
impact the risk of infections. In this field, knowledge of the risk
of specific infections in short-, intermediate-, and long-term per-
spectives is still incomplete.

Viral infections have been recognized as important for out-
come, especially in allogeneic stem cell transplant recipients. The
introduction of the new antiviral drug letermovir has reduced
morbidity and mortality of CMV.>® Despite this, patients
still develop severe CMV disease, although less frequently.
Adenovirus infections have emerged as important threats, espe-
cially in high-risk pediatric transplantation. It has been difficult
to develop effective and safe antiviral treatments.** Similarly,
BK polyomavirus remains a significant unmet clinical need for
hemorrhagic cystitis that is re-emerging post-transplant with
recent types of conditioning regimens.® Adoptive immunother-
apy with virus-specific lymphocytes is still considered exper-
imental and limited to academic groups or clinical research
projects. Its applicability on a broader scale requires more data
as well as cellular products easily accessible and affordable.

A changing epidemiology of viral infections poses new chal-
lenges. The ongoing pandemic with SARS-CoV-2 causing coro-
navirus disease 2019 (COVID-19) shows this extremely clearly.
During the past decades, at least 10 other new respiratory viruses
have been described and the yearly influenza pandemic remains
a potential risk.” Similarly, West Nile virus, Chikungunya virus,
Zika virus, and hepatitis E virus have emerged as potential
threats. Several of these novel viruses have also the potential to
be transmitted from stem cell donors, possibly requiring testing
in routine donor evaluations. Multidrug-resistant (MDR) bac-
terial infections are major challenges in some countries and the
risk for spreading is of international concern. Fungal infections
also remain as a threat, especially from difficult to treat spe-
cies such as Mucorales and the recently emerged Candida auris.
Vaccines are important for preventing infections in the general
population and in close contact persons to stem cell transplant
recipients. There remain major gaps in our knowledge of how
best to utilize vaccines in stem cell transplant recipients.® The
emerging insight into the essential role of the human microbi-
ome and the gut-immune axis in immunocompromised patients,
including allogeneic HSCT recipients, is highlighted in the chap-
ter on “infections in neutropenic patients.”

European research contributions

European centers and collaborative groups, such as the
Infectious Diseases Working Party of the EBMT, have important
roles. Topics of particular interest for European investigators
include the management of viral infections, the development of
vaccination strategies for HSCT recipients, and diagnosis and
management of fungal and MDR bacterial infections. Many of
these studies have changed practice, not only in Europe.

Research Roadmap: Infections in Hematology

Proposed research for the Roadmap

* Markers and dynamics of immune reconstitution with
emphasis on new transplant strategies and specific
populations:

a) Haploidentical transplantation
b) Elderly patients (>60 vy, 65 y, 70 y, or others?)
¢) Pediatric patients

e Viruses.

a) CMV: Strategies are needed for evaluation of new
prophylactic and therapeutic modalities and their
(detrimental or protective?) impact on graft-versus-ma-
lignancy and graft-versus-host disease.

b) Adenovirus: Strategies for management including evalu-
ation of new antiviral agents and adoptive T-cell therapy.

¢) BK polyomavirus: Strategies for conditioning, immuno-
suppression, antivirals, antibodies, T-cell therapy.

d) Respiratory viruses: Identification and surveillance of
respiratory viruses including SARS-CoV-2 in allogeneic
HSCT to establish preventive strategies including infec-
tion control, vaccines, and effective antiviral therapy.

* Bacterial and fungal infections.

a) Antibiotic stewardship to decrease the risk of MDR
bacteria should be encouraged.

b) Controlled clinical studies in difficult-to-treat and diffi-
cult-to-diagnose fungal infections are needed.

 T-cell therapy for infections.

a) Approaches to improve the immune reconstitution
with a minimal risk of uncontrollable graft-versus-host
disease.

b) Multispecific T cells with activity against several infec-
tions, especially for prevention of viral infections.

¢) Virus-specific T cells need to be evaluated in well-de-
signed controlled trials.

e Vaccines.
The following topics need to be addressed:

a) Different vaccine schedules should be used in patients
having undergone different transplant procedures.

b) New vaccines, such as the inactivated varicella zoster
vaccine, CMV vaccines, and vaccines against SARS-
CoV-2, should be evaluated in well-designed studies.

c¢) Study of the humoral and T-cell immune responses fol-
lowing vaccination and exploring differences in reactoge-
nicity between heterologous and homologous schedules.

Anticipated impact of the research

In past decades, major improvements have been achieved in
infectious disease management in allogeneic HSCT recipients.
Despite these advances, infections remain important causes of
nonrelapse mortality. New infections can quickly become severe
threats, as shown by the ongoing COVID-19 pandemic. Therefore,
the impact of the proposed projects will be in 2 areas: to further
reduce the morbidity and mortality of infections and to develop
management strategies that quickly can meet new challenges.

Infections in neutropenic patients

Introduction

Infections are the leading cause of death in patients with
hematologic  malignancies undergoing myelosuppressive
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chemotherapy. The majority of infections are bacterial, invasive
fungal, or viral infections.

Proposed research for the Roadmap

The most pressing medical and scientific needs that remain
unmet in the field of infections in neutropenic patients include
(1) the need for antimicrobial stewardship in the face of emerg-
ing MDR bacteria given the lack of new antimicrobial agents,
(2) the challenge of community-acquired respiratory viruses, (3)
improvements in infection control, and (4) establishing the role
of the microbiome.

* Antimicrobial stewardship in prophylaxis and therapy.
The current standard of care for neutropenic patients is a
predefined form of antimicrobial prophylaxis and empiric
antimicrobial therapy as soon as fever occurs. This has been
a lifesaving approach for many years, but several issues
remain: first is improving the initial response to antimicro-
bial therapy, second is establishing the minimum duration
of systemic antimicrobial therapy after defervescence, as
current approaches often result in unnecessarily prolonged
use of antibiotics. Thirdly, in the era of MDR pathogens,’
the current recommendations for antimicrobial prophy-
laxis and treatment even after establishing an etiology
needs to be reevaluated. Thus, we propose research regard-
ing the following topics:

v Use of therapeutic drug monitoring to personalize dos-
ing and improve response for prophylaxis and initial
empirical therapy

v Prospective comparison of the duration of antibiotic
treatment, including in de-escalation (step-down)
strategies, with or without guidance by inflammatory
markers such as C-reactive protein, procalcitonin, inter-
leukin-6, and markers of gut function (eg, citrulline)

v Prospective evaluation of different antimicrobial
prophylaxis regimens utilizing commonly used fluo-
roquinolones, as well as “older” drugs such as cotri-
moxazole with prospective monitoring of inflammatory
markers and citrulline

v Prospective evaluation of a systematic approach based
on clinical and laboratory findings to guide preemptive
compared with empiric antimicrobial therapy includ-
ing antifungal therapy

v Clinical trials of novel antibacterial agents with new
targets and mechanisms of action in neutropenic
patients (novel drugs as well as bacteriophages)

* Community respiratory viruses (CRV) excluding SARS-
CoV-2. Over the past decade, local outbreaks have brought
CRVs to the attention of clinicians and scientists.'® CRVs
are regarded as an uncommon cause of fever during neu-
tropenia, they tend to occur seasonally and are difficult to
diagnose, but they have not yet been studied systematically.
However, the increasing number of reports of fatal CRV
infections illustrates the need for better understanding of
CRYV epidemiology. Further research is warranted, and we
suggest the following topics for clinical studies:

v Studies on epidemiology, seasonality, and clinical rele-
vance of CRVs (other than SARS-CoV-2) in neutropenic
patients using polymerase chain reaction (PCR)-based
platforms and rapid point of care tests

v Prospective evaluation of infection control measures,
especially in asymptomatic patients shedding the
virus

v Clinical development of novel antiviral agents with
activity against relevant CRVs.

www.hemaspherejournal.com

* Efficacy of infection control measures. Infection control

measures have been adopted routinely to reduce the risk
of hospital-acquired infections. These measures include
protective isolation, use of gloves and gowns, rigorous dis-
infection measures, reduction of inhaled potentially infec-
tive particles by air filtration and masks worn by patients
leaving their rooms or wards, and low-microbial hospi-
tal diets. The evidence of benefit from these measures in
terms of reducing infection-related morbidity and mortal-
ity is lacking." In light of an increasing threat from MDR
bacteria and fungi among hematologic patients, a critical
reappraisal from prospective, randomized clinical studies
focused on the use of the following is needed:

v Use of low-microbial hospital diet

v/ Benefit from high-efficiency particulate air (HEPA)
filtration

v Rationale of disposable gowns, gloves, and masks for
caregivers and visitors and of well-fitting masks for
patients outside their treatment rooms

Microbiome. In recent years, a rapidly evolving insight
into the essential role of the human microbiome for the
quality of immune responses in normal and immunocom-
promised individuals has been attained.'? The potential
impact of preserved gut microbiota diversity on patient
outcome has been supported by data from allogeneic stem
cell transplant recipients and patients undergoing check-
point inhibition treatment.'>'* At the example of these
patients, it has become clear that a deeper understanding
of the gut-immune axis in the context of hematological
diseases may revolutionize future treatment strategies.
In addition, recent findings have revealed microbiota
dynamics preceding development of infections with MDR
pathogens.!'>¢ There is a need to translate novel insights
into the role of the human microbiota in immune mod-
ulation and infection pathogenesis into preventive and
therapeutic options. Clinical and translational studies in
hematological patients are required to explore the follow-
ing aspects:

Prediction of treatment outcome and infectious compli-
cations in specific populations

Acquisition of a functional understanding of the
gut-immune axis

Identification and isolation of key microbiota and/or
their metabolites

Development of preventive and/or therapeutic microbi-
ota-based drugs and strategies.

N N SN N

Anticipated impact of the research

These projects will result in the following:

v A significant improvement of survival rates of hema-
tological patients through an enhanced antitumor
response and a reduction of infectious complications

v An improvement of the quality of life in hematologi-
cal patients through maintenance of their physiological
microbiota

v Reduction of unnecessary antimicrobial prophylaxis
and therapy leading to reduced pathogen and commen-
sal resistance rates

v Evidence-based update of the guidelines on the rational
use of infection control measures for severely immuno-
compromised patients

v A fundamental revision of the current approach to
fever and infections in neutropenic patients.



Cordonnier et al

Non-neutropenic hematology patients including
those treated with new targeted therapies

Introduction

Over the last 5 years, important progress in studying and
understanding the importance of infectious complications in
patients with hematological malignancies treated with various
targeted agents has been made. Several scientific associations,
including ESCMID and ECIL, have dedicated specific papers to
this issue and highlighted particular associations with different
targeted therapies.!”!$

One of the main findings on this issue includes discovering
increased rates of infectious complications. Here, mainly viral
reactivations and fungal infections were reported following the
use of new drugs (eg, idelalisib) or combinations of drugs (eg,
rituximab and bendamustine) designed initially for more fragile
patients. New treatments such as ibrutinib have been associated
with an increased risk for invasive aspergillosis (IA) of the cen-
tral nervous system (CNS). For other targeted treatments, uncer-
tainties remain on the risk of infectious complications and their
optimal management.

Furthermore, the main criteria in the diagnosis of fungal
infections in immune-compromised patients with hematologi-
cal malignancies have confirmed the role of molecular diagnos-
tics in this setting. This is important since serum fungal antigens
have low diagnostic yield in non-neutropenic subjects.

Updated guidelines on vaccination in patients with hema-
tological malignancies have been published.?” This work
highlighted the paucity of the data on the efficacy of selected
vaccines in this population (eg, anti-meningococcal, human pap-
illomavirus outside the approved age limits) and the challenge
of optimal timing in those with long-lasting treatments. Several
problems associated with viral hepatitis have changed during
the last years. Given the overall success of treatment for hepati-
tis C virus (HCV) infection with directly acting agents (DAAs),
the management of this infection shifted towards almost univer-
sal treatment (potentially excluding patients receiving palliative
care only). Although the relevant hepatology guidelines suggest
the use of high barrier drugs even for prophylaxis of hepatitis B
virus (HBV) reactivation in those with past HBV infection, there
are little data for lymphoma patients treated with chemother-
apy including anti-CD-20 antibodies, and for many novel drugs
administered life-long (eg, dasatinib), the cost-effectiveness of
prophylaxis vs. monitoring needs to be established. Also, in cer-
tain geographical areas, there is an increased risk of hepatitis E
viral infection, which may become chronic in immunocompro-
mised patients; thus, maximum awareness is required for early
diagnosis and potential treatments.

Finally, the pandemic spread of SARS-CoV-2 infection has put
an enormous strain on this population, which is considered at high
risk for acquiring the disease and for death, but in whom limited
data are available on the optimal management strategies for both
the underlying disease and the SARS-CoV-2 infection, including
the treatment of the inflammatory phase. Few positive changes
brought in by this pandemic are the emphasis on the relevance
of daily preventive measures, including personal protective equip-
ment and the need for social distancing and quarantine, the impor-
tance of immunization, and an increased use of telemedicine that
allows to reduce the physical contact with healthcare structures.

Proposed research for the Roadmap and
anticipated impact

* Evaluation of the infectious risk (ie, incidences, presen-
tations, etiologies) in case of sequential therapy that has
become the standard of care in many chronic hematologi-
cal malignancies

Research Roadmap: Infections in Hematology

* Studies on the impact of effective HCV eradication with
DAAs and the cost-effectiveness of long-term HBV reacti-
vation prophylaxis

* Studies on the impact of multidrug-resistant pathogens in
non-neutropenic hematology patients and the challenges of
implementing effective antimicrobial stewardship in this
population

* Studies on the optimal timing and dose schedule of various
vaccinations, including those against SARS-CoV-2. In addi-
tion, studying the humoral and T-cell immune responses
following vaccination, understanding the lack of immune
response on some of these patients (eg, chronic lympho-
cytic leukemia) and exploring differences in reactogenicity
between heterologous and homologous schedules.

* Development of rapid point of care tests for more effec-
tive diagnosis (eg, effective antigen tests to detect different
respiratory viruses, including SARS-CoV-2 and influenza;
lateral flow assays for fungal infections)

* Long-distance patient monitoring through telemedicine,
which may provide the opportunity for routine collabo-
ration with highly specialized centers without the need for
patient travel

Infections in primary immune deficiencies

Introduction

Although individually rare, there are now over 450 genetic
inborn errors of immunity described, double the number from
2015.2! The lifetime infection burden in this group is high; infec-
tions can be unusual and difficult to treat. The risk is increased
by added immunosuppression required for treatment.

Early diagnostics and effective treatment for bacterial, viral,
and fungal infection remain important.' The research is relevant
for various patient populations, with different susceptibility to
infections depending on the type of immunodeficiency.

European research contributions

International collaboration including next generation
sequencing, introduction of newborn screening, and interna-
tional guidelines have facilitated diagnosis of immunodeficien-
cies in increasing numbers of patients. Diverse phenotypes with
the same genetic disorders are increasingly identified. Viral PCR
tests allow more rapid accurate diagnosis; furthermore, new
antiviral and antifungal drugs improve outcomes, although
accessibility of these drugs remains a challenge. Representation
of clinicians and scientists in the European Society for Paediatric
Infectious Diseases, ESCMID, and the European Society for
Immunodeficiencies improves the collaborations.

Proposed research for the Roadmap

* Viral infections. PCR allows accurate identification and
quantification of many viruses, but for new viruses such as
SARS-CoV-2, sensitivity is limited for throat swabs that are
commonly used. Promising developments in therapeutic
options have become available in adults, with few in chil-
dren, although increased toxicity in adults, not observed in
children, might result in withdrawal of nephrotoxic drugs
like brincidofovir. Induction of drug resistance remains
an issue as well as lack of CNS penetration, an import-
ant limiting factor in using antivirals active against CMV.
Treatment and prevention of respiratory viruses including
SARS-CoV-2 remain a major issue. For the latter, there is
limited information in immune-compromised patients.
With the exception of patients with autoantibodies against
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type I interferon, risks so far appear largely in line with
the general population.?>?* Potential for reactivation with
stem cell transplant, recurrent infections, and triggering
of immunodysregulation are currently being evaluated in
large international collaborative efforts.

* Central line-associated bloodstream infections. This
remains a significant issue in oncology and chronic dis-
eases. The morbidity and mortality of central line-associ-
ated bloodstream infections necessitate all children with
fever and central lines to undergo blood culturing and
empirical broad-spectrum antibiotic administration that
may augment antimicrobial resistance in a high-risk popu-
lation. Recent efforts have reduced duration of intravenous
antibiotics for those with low risk, safely reducing antibi-
otic exposure and hospital admissions.**

* Gastrointestinal infections. Primary immune deficiency
(PID) patients harbor many bacterial and viral gut patho-
gens with an impact on nutrition and fluid management,
as well as a significant cause of morbidity and mortality.
While much research has examined the effect of the gut
microbiome on immune response, no firm conclusions have
altered the diagnostic or therapeutic management.

* Infections associated with biologics. Biologic agents, par-
ticularly monoclonal antibodies against pro-inflammatory
cytokines or receptors, are more widely used, increasing the
risk of infections with atypical presentation in a high-risk
population (PID but also many other patients with hema-
tological disorders).?

* Diagnostic fungal markers and treatment monitoring.
Morbidity and mortality related to invasive fungal infec-
tions are recognized in PID patients, especially those
receiving immunosuppression. Large inter-individual vari-
ability of antifungal concentrations observed in children is
described in pharmacokinetic studies warranting prompt
informed adjustment of dosing, allowing optimal treatment
of these potentially lethal infections. Improving absorption
of long-term oral therapy is essential.

Anticipated impact of the research

The impact of these proposed research areas will significantly
improve management of PID patients. Vulnerability to common
and opportunistic pathogens often results in infections with mul-
tiple pathogens, which are not cleared completely until months
after HSCT. Determining which pathogen is causing symp-
toms, rather than simply colonizing, is important to enable safe
rationalized treatment approaches with reduced toxicity. Host
response-driven diagnostic approaches could be available in the
future, although they will need to be carefully looked at for indi-
vidual immunodeficiencies resulting in a modified response.

Genetic predisposition factors for infection
in hematology and hematopoietic stem cell
transplantation patients

Introduction

Significant progress has been achieved in the field of immuno-
genetics and infectious diseases over the last 5 years. Additional
data have almost exclusively focused on single-nucleotide poly-
morphisms (SNPs) of genes coding for 2 important pattern rec-
ognition receptors, namely pentraxin-3 (PTX3) and Dectin-1.

Pentraxin 3

PTX3 can recognize and bind to Aspergillus conidia, facilitate
opsonization and subsequently lead to complement and phagocyte

www.hemaspherejournal.com

activation.?>2® Specific PTX3 SNPs have been identified as import-
ant risk factors for IA and other invasive mold infections (IMIs) in
high-risk patient populations, such as allogeneic HSCT and solid
organ transplant recipients.”->! More recently, in a retrospective
study on a cohort of acute leukemia patients who—for their vast
majority—did not receive primary anti-mold prophylaxis, a trend
for more IMI was described for patients carrying the PTX3 h2/
h2 haplotype (log-rank test P = 0.17).32 When patients were strat-
ified according to the presence (N = 82, 36%) or absence (N =
144, 64%) of neutropenia, the association was significant only in
those who were not neutropenic (P = 0.048). In non-neutropenic
patients, the association was even more significant when consider-
ing PTX3 SNPs separately (P = 0.018 for rs2305619, P = 0.017 for
rs3816527, both in a recessive mode of inheritance), or when con-
sidering patients homozygous for any of them (P = 0.005) suggest-
ing that homozygosity for any of these SNPs may be more relevant.

Dectin-1

Dectin-1 is a transmembrane C-type lectin-like receptor
present on myeloid cell surface binding to the beta-glucan com-
ponent of fungal cell wall and leading to signaling pathway acti-
vation for the control of fungal infections.>® The rs16910526
(Y238X) SNP was the first to draw attention, with its presence
in allogeneic HSCT recipients associated with higher rates of
gastrointestinal tract colonization with Candida species.>*
Subsequently, the rs16910526 (Y238X) polymorphism in either
donors or recipients of allogeneic HSCT was found to be sig-
nificantly associated with the risk for IA, particularly when the
polymorphism was present in both, donors and recipients, with
an adjusted hazard ratio of 3.9 (P = 0.005).>

Proposed research for the Roadmap

* To better understand the effect of genetic polymorphisms
in donors and/or recipients on the infection risks after allo-
geneic HSCT, in conjunction with donor-recipient chime-
rism post-transplant.

 To generate data from patients who receive treatment with
immunotherapeutic and molecular targeted agents (such
as but not limited to brentuximab vedotin, blinatumomab,
cytotoxic T lymphocyte antigen 4 inhibitor, and programmed
cell death 1/programmed cell death ligand 1 inhibitor as well
as ibrutinib, idelalisib, histone deacetylase inhibitors, mecha-
nistic target of rapamycin inhibitors, ruxolitinib, and veneto-
clax) and/or chimeric antigen receptor T-cells (CAR-T cells)
(see subsection CAR-T) are urgently needed.

Anticipated impact of the research

The existing literature shows similar associations between
PTX-3 or Dectin-1 polymorphisms and IA and IMI in different
populations. The high frequency of some alleles in the general pop-
ulation of up to 30% makes PTX3 polymorphisms an important
target for future research. These findings require further investiga-
tion and could represent the basis for additional interventional clin-
ical trials in the field of diagnosis, targeted antifungal prophylaxis,
and treatment in hematology patients. The recent associations
between CMV infection, survival and PTX3 polymorphisms are
definitely intriguing. However, more data are required to assess the
potential associations of PTX3 SNPs and risks for viral, including
CMYV), infections, and other infections occurring after HSCT, par-
ticularly when considering the strong associations between CMV
infection and risk for IA in allogeneic HSCT recipients. Finally,
although initial data on Dectin-1 SNP rs16910526 were not subse-
quently confirmed, it appears that 2 other Dectin-1 polymorphisms
(rs3901533 and rs7309123) may be important targets for future
research in high-risk hematological patients.
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Infections after chimeric antigen receptor
T-cell therapies

Introduction

Although the access to CAR-T cell therapy is still limited due
to the necessary technical resources of the centers, CAR-T cells
can induce durable responses in hematologic malignancies, offer-
ing a new treatment for patients who would have been considered
some years ago, as being beyond any therapeutic option. However,
CAR-T cells are associated with significant complications; at least
one third of the patients develop infectious complications, especially
during the first months after infusion when still neutropenic.** In
a series of 133 consecutive patients, the risk factors for developing
infections during the first 3 months were to have an acute lympho-
blastic leukemia (ALL), to have received > 4 previous regimens of
chemotherapy, and to have received a high dose of CAR-T cells.?
Most of these infections were of bacterial origin. Viral infections
are rare, herpes virus infections are uncommon under valaciclovir
prophylaxis, and thus respiratory virus infections are predominant.
It is very likely that in multiple myeloma (MM) patients, the risk
of viral infections will be higher due to the more intensive pretreat-
ment including long-term steroids. Fungal infections, including
pneumocystosis, are rare especially in MM patients.

The infectious risk after CAR-T cell infusion is multifactorial.
Most patients referred for CAR-T cell therapy had received sev-
eral lines of treatment.’®*” Half of them had received HSCT,***
were lymphopenic and severely immunocompromised before
lymphodepletion and CAR-T infusion. Moreover, most of them
had already received several courses of antibacterial therapy, so
that the level of bacterial resistance was probably high.’” As a
consequence of the lymphodepleting chemotherapy adminis-
tered before CAR-T cell infusion, neutropenia is common for up
to more than 4 weeks (median duration: 8-12 d). Consistently,
80% of the infections occur within the first 10 days and are
of bacterial origin.>>¥” As the 2 approved CAR-T cell products
(tisagenlecleucel and axicabtagene ciloleucel) are both targeting
CD19+ B-lineage neoplasms, most experience until now is in
acute lymphoblastic leukemia B and other B-cell lymphoprolif-
erative diseases. Unfortunately, this target is not tumor-specific
and also affects normal CD19+ B cells, inducing a prolonged
B-cell immune deficiency especially in patients with ALL.*> Most
patients have a major B-cell depletion during the 4 weeks after
the infusion. Among those who survived at least 12 months after
CAR-T cell infusion having a median follow-up of 28 months,
40% of the patients are still hypogammaglobulinemia or have
received intravenous immuneglobulin (IVIG).*' Despite the
frequency of hypogammaglobulinemia after CD19+-CAR-T
therapy, some pathogen-specific, long-term immunity may be
preserved, possibly from preexisting long-lived plasma cells that
poorly express CD19.#

Proposed research for the Roadmap and
anticipated impact

The success of CAR-T cells in hematologic malignancies has
also opened new research areas for using CAR-T cells in viral and
fungal infections*® so that hematology patients can also benefit
from this approach for preventing or treating some opportunistic
infections. Although cooperative groups have released guidelines
for the management of infectious complications in these patients,
many issues are unknown and should be explored.* The current
data on infectious complications after CAR-T cell therapy sug-
gest the following areas of research for the next future:

v Define infusion risk factors for each type of infection,
including hypogammaglobulinemia, in order to optimize
the choice and timing of drug prophylaxis and IVIG
replacement

Research Roadmap: Infections in Hematology

v Explore the relationship between cytokine release syn-
drome, immune effector cell-associated neurotoxicity syn-
drome, and infections and how the occurrence of one of
these events could impact the other

v Investigate the long-term effects of CAR-T therapy on
B-cell immune recovery, kinetics of specific antibodies, and
vaccine response

Summary box: Main research & policy priorities

1. Despite considerable progress over the last decade,
infection remains a main cause of death in hematology
patients. A specific strategy for each type of the more fre-
quent infections should be elaborated in the hematology
centers. The more likely risks should benefit of prophy-
laxis each time possible.

2. In neutropenic patients, the strategies of deescalation are
the most likely to reduce the use of antibacterials in the
hematology ward and consequently decrease the risk of
resistance.

3. Respiratory virus infections may be life-threatening, espe-
cially in stem cell transplant recipients. Epidemiology
data and active therapeutics are needed to limit the risk
and improve the prognosis.

4. Many targeted drugs are currently assessed for various
hematological malignancies. For each of them, it is crucial
to collect all infectious data from the early development
of the drug, in order to know about the risk they provide
for specific infections and to develop a preventative strat-
egy if necessary.

5. Assessing the relationship between genetic polymor-
phisms and predisposition to certain infections should
allow a targeted, individual management, avoiding
unnecessary risks of drug toxicity and drug interferences
in most patients.
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