
Le infezioni nel paziente 
ematologico in chemioterapia 
coi nuovi farmaci inibitori di 
Bruton kinasi e di JAk2





Le chinasi proteiche svolgono un ruolo importante nei processi 
di attivazione cellulare, compresa la trasduzione del segnale da 
parte di diversi immunorecettori. 

Dato il loro ruolo nella crescita e nella morte cellulare e nella 
produzione di mediatori infiammatori, il targeting dei chinasi ha 
dimostrato di essere una strategia di trattamento efficace, 
inizialmente come terapie antitumorali, ma poco dopo nelle 
malattie immuno-mediate. 

CHINASI PROTEICHE



Nature Reviews Immunology

nature reviews immunology https://doi.org/10.1038/s41577-023-00877-7

Review article  Check for updates

Protein kinases: drug targets 
for immunological disorders
Leslie Castelo-Soccio    1, Hanna Kim    2, Massimo Gadina3, Pamela L. Schwartzberg    4, Arian Laurence5,6    
& John J. O’Shea    7

Abstract

Protein kinases play a major role in cellular activation processes, 
including signal transduction by diverse immunoreceptors. Given their 
roles in cell growth and death and in the production of inflammatory 
mediators, targeting kinases has proven to be an effective treatment 
strategy, initially as anticancer therapies, but shortly thereafter in 
immune-mediated diseases. Herein, we provide an overview of the 
status of small molecule inhibitors specifically generated to target 
protein kinases relevant to immune cell function, with an emphasis 
on those approved for the treatment of immune-mediated diseases. 
The development of inhibitors of Janus kinases that target cytokine 
receptor signalling has been a particularly active area, with Janus 
kinase inhibitors being approved for the treatment of multiple 
autoimmune and allergic diseases as well as COVID-19. In addition, 
TEC family kinase inhibitors (including Bruton’s tyrosine kinase 
inhibitors) targeting antigen receptor signalling have been approved 
for haematological malignancies and graft versus host disease. 
This experience provides multiple important lessons regarding 
the importance (or not) of selectivity and the limits to which genetic 
information informs efficacy and safety. Many new agents are being 
generated, along with new approaches for targeting kinases.
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JAK family kinase inhibitors
Although targeting a single cytokine or cytokine receptor has revolu-
tionized therapy for immune-mediated diseases, this approach is not 
successful in all patients and often does not result in durable remis-
sion42. Therefore, it is not surprising that targeting signalling pathways 
shared by multiple cytokine receptors with small molecules became 
an attractive and extremely successful approach. As such, we focus on 
studies of JAKs as key pharmaceutical targets for immune-mediated 
and inflammatory diseases.

JAKs (comprising JAK1, JAK2, JAK3 and TYK2) associate with 
receptors for type I and II cytokines that lack intrinsic RTK activity, 
inducing downstream cell signalling for multiple cell functions43 
(Fig. 3). Of the JAK family members, JAK1 is activated by the largest 
number of type I and II cytokines, including type I interferons (IFNs), 
IFNγ, IL-2, IL-4, IL-6, IL-13 and thymic stromal lymphopoietin; JAK2 
is activated by erythropoietin, thrombopoietin, growth hormone, 
IL-3, IL-5, IL-12, IL-23, CSF1 and CSF2 (Fig. 3). Moreover, most cytokine 
receptors require the use of more than one JAK. The essential func-
tion of JAKs has been established by identifying genetic variants 
in patients and by the generation of knockout mice44–47 (Table 1). 
Specifically, gene targeting of Jak1 and Jak2 in mice is lethal;48 JAK1 
and JAK2 are essential for signalling downstream of many cytokines 
that impact processes in multiple tissues and cells including hae-
matopoiesis, host defence, immunoregulation, body growth and 
metabolism. JAK1 loss-of-function mutations cause primary immuno-
deficiency in humans associated with atypical mycobacterial infec-
tion, whereas JAK1 gain-of-function mutations are associated with 
systemic immune dysregulation and hypereosinophilic syndrome47. 
Somatic JAK2 gain-of-function mutations are associated with three 
common myeloproliferative neoplasms: primary polycythemia vera, 
essential thrombocythemia and primary myelofibrosis, consistent 
with the role of the JAK2-associated haematopoietic cytokines eryth-
ropoietin, thrombopoietin and CSFs45. Loss-of-function mutations of 
TYK2 in humans and mice are also associated with immunodeficiency 
characterized by increased susceptibility to bacterial, viral and fungal 
infections46, reflecting its importance for signalling by IFNs, IL-10 
family cytokines, IL-12, IL-23 and IL-27. JAK3 loss-of-function muta-
tions result in severe combined immunodeficiency, owing to the 
disruption of signalling by receptors containing the common γ-chain 
(for γc cytokines IL-2, IL-4, IL-7, IL-9 and IL-21)44. These phenotypes 
highlight the relatively limited functions of TYK2 and JAK3 versus the 

broad actions JAK1 and JAK2; the spectrum of cytokines impacted is 
relevant for the mechanism of action, efficacy and adverse events of 
JAK inhibitors ( JAKinibs).

Mechanisms of action of JAKinibs in immune-mediated disease
First-generation JAKinibs block both JAK1 and JAK2. Consequently, 
in GVHD, JAKinibs can attenuate allogeneic donor T cell activation by 
blocking the action of IFNs in promoting antigen presentation as well 
as the action of many effector cytokines49,50. JAKinibs impact diseases 
mediated by type 1 (IFNγ-driven), type 2 (IL-4-driven, IL-5-driven or 
IL-13-driven) or type 3 (IL-17-driven or IL-22-driven) immune responses 
(Fig. 3), with effects on both innate and adaptive immune cells, as 
well as on non-immune cells, stromal cells and neurons, as targeted 
cytokine receptors are expressed by virtually all cells. Both type 1 and 
type 2 immune responses are implicated in the pathological mechanisms 
of alopecia areata (AA)51,52; although the biologic dupilumab (anti-IL-4Rα, 
which blocks both IL-4 and IL-13) can be efficacious in some patients, it 
is not approved for AA53–55. Thus, the broader actions of JAKinibs may 
be advantageous for this autoimmune disorder. In skin obtained from 
mice and humans with alopecia, transcriptomic profiling revealed 
expression of IFN response signature genes and several γc cytokines 
including IL-2 and IL-15. Use of JAKinibs eliminates the IFN signature 
and development of alopecia in a mouse model, as well as induces near-
complete hair regrowth in patients treated with the JAKinib ruxolitinib 
and multiple other JAKinibs56. In vitiligo, skin-resident memory T cells 
demonstrate skewed JAK1-dependent and JAK2-dependent type 1 and 
type 2 cytokine profiles that stimulate melanocyte and keratinocyte 
inflammatory responses, which can be inhibited by ruxolitinib57. Consist-
ent with the expression of cytokine receptors on neurons, JAKinibs can 
also reduce pain and itch associated with inflammatory skin diseases58.  
In these examples, JAKinibs have the advantage over biologics that target 
a single mediator by blocking more than one of the canonical responses 
and potentially different endotypes of the disease.

Cytokines do not act in isolation but induce the expression of 
other cytokines; for example, IL-6 induces the JAK-independent pro-
inflammatory cytokines IL-1, IL-17 and tumour necrosis factor (TNF). 
Cells pretreated with JAKinibs and then activated by lipopolysaccha-
ride and other Toll-like receptor ligands that induce IL-6 produce less 
IL-1 and TNF59. The IL-1R antagonist anakinra is efficacious in various 
autoinflammatory diseases, such as haemophagocytic lymphohis-
tiocytosis, pointing to a prominent role of IL-1. Thus, JAKinibs may be 
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Fig. 2 | Timeline of approval of key protein kinase inhibitor drugs for 
cancer and immune-mediated disease. The timeline lists the year of approval 
and indication, starting with the approval of cyclosporine for allograft 
transplantation (in 1989) to the approvals of JAK inhibitors ( JAKinibs) for 
immune-mediated diseases to date. AA, alopecia areata; AD, atopic dermatitis; 
BCR, B cell receptor; BTK, Bruton’s tyrosine kinase; CLL, chronic lymphocytic 

leukaemia; CML, chronic myeloid leukaemia; EGFR, epidermal growth factor 
receptor; GVHD, graft versus host disease; ITP, immune thrombocytopenia; 
JAK, Janus kinase; JIA, juvenile idiopathic arthritis; PsA, psoriatic arthritis; 
RA, rheumatoid arthritis; ROCK; RHO-associated kinase; SYK, spleen tyrosine 
kinase; TGFβ, transforming growth factor-β; VEGFR, vascular endothelial 
growth factor receptor.



BRUTON TIROSIN KINASI

Ø Ha un ruolo nella biologia, nel ruolo, nella genesi e nella 
differenzazione dei linfociti B

Ø Ha un ruolo nelle malattie linfoproliferative, nelle malattie 
autoimmuni e nelle infezioni

Ø Gli inibitori della Bruton kinasi giocano un ruolo in diverse 
patologie.
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agammaglobulinaemia (XLA) [1]. In 1993, a BTK mu-
tation was identified by two independent groups to be 
causally linked to XLA. XLA patients experience a block-
age on B- cell development in the bone marrow, which, 
in severely affected patients, leads to little/no functional 
serum immunoglobulins and therefore increased disease 
susceptibility [2,3] (Figure 1). Subsequently, BTK has 
been shown to play a crucial role in several biological pro-
cesses including B- cell differentiation. BTK was shown to 
be phosphorylated in vitro upon B- cell antigen receptor 
(BCR) stimulation, followed by higher levels of kinase 
activity. These events lead to the enlisting of BTK as a 
member of the BCR signalling pathway. This was further 
established in BTK- deficient mouse studies. Through 
blocking the expression of BTK, Khan et al. [4] showed a 
decrease in mature B cells and a deficiency of immuno-
globulins in the serum of BTK- deficient mice, underlying 
the indispensable nature of BTK for B- cell differentia-
tion. A milder disease form, harbouring a point mutation 
in BTK, is known as X- linked immunodeficiency (XID). 
The defects present in XID are minor in comparison with 
XLA, but the B cells present within patients have dis-
rupted BCR signalling [5].

Given the emerging wider interest for BTK signalling 
across disciplines, we will review the key research over 
the last four years with regard to (i) the role of BTK in 

different signalling and immune cells, (ii) the advances in 
our understanding of its role in immunity, autoimmunity 
and infection, (iii) BTK signalling in lymphoproliferative 
disorders and (iv) current therapeutic options for BTK 
inhibition and ongoing clinical trials looking into novel 
therapeutics and resistance mechanisms.

THE STRUCTURE OF BTK

The structure of BTK has been extensively documented 
since the 1990s, and nowadays, we have achieved a clear 
view on this aspect. A review by Hendriks group sum-
marizes excellent work with regard to BTK structure. In 
short, BTK (together with bone marrow- expressed kinase 
[BMX], interleukin- 2- inducible T- cell kinase [ITK], tyros-
ine kinase expressed in hepatocellular carcinoma [TEC] 
and tyrosine protein kinase [TXK]) belongs to the second- 
largest non- receptor tyrosine kinase family, namely TEC. 
BTK consists of (i) two SRC homology (SH) domains 
(SH2 and SH3), (ii) a kinase domain, (iii) an N- terminal 
pleckstrin (PH) domain and (iv) a TEC homology domain 
(Figure 2a). Unlike SRC, BTK is a cytoplasmic protein and 
only is present on the membrane upon recruitment. Once 
at the cell membrane, BTK can become activated by the in-
teraction with SRC kinases and phosphorylation occurs at 

F I G U R E  1  Timeline for the discovery of BTK highlighting key milestones in BTK- related research and therapies. Each section 
represents a decade. Ac, acalabrutinib; CLL, chronic lymphocytic leukaemia; GVHD, graft- versus- host disease; Ib, ibrutinib; MCL, mantle 
cell lymphoma; MZL, marginal zone lymphoma; WM, Waldenström's macroglobulinaemia; XID, X- linked immunodeficiency; XLA, X- 
linked agammaglobulinaemia
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F I G U R E  2  Structural overview of BTK and BTK inhibitors and its position within the B- cell receptor signalling pathway. (a) The 77 kDa 
BTK protein consists of 659 amino acids, which make up the five domains for protein interaction. The 2 critical sites within the protein are 
Y223 and (SH3 domain) and Y551 (kinase domain: orange/yellow domain). (b) BTK inhibitors act through the binding to one of the proteins 
interacting domains and blocking BTK’s catalytic action. The main site of binding for current covalent inhibitors is the C481 residue within 
the kinase domain. This includes ibrutinib and second- generation inhibitors acalabrutinib, zanubrutinib and tirabrutinib as depicted at the 
3D models (data obtained from SWISS- MODEL repository by the Swiss Institute of Bioinformatics [101] for the crystal structures of each 
BTK domain and then NCBI's PubChem database for the line structures for each inhibitor [102]). (c) A simplified version of B- cell receptor 
signalling pathway and BTK position within it [103]

INIBITORI DELLA BRUTON KINASI

722 |   wileyonlinelibrary.com/journal/imm Immunology. 2021;164:722–736.© 2021 John Wiley & Sons Ltd

INTRODUCTION

Bruton's tyrosine kinase (BTK) is a non- receptor Tec 
kinase that has been gaining momentum since the ap-
proval of BTK- targeted therapies as a first- line treatment 
for B- cell malignancies. The exponential expansion of 

the number of publications relating to BTK over the past 
decade can be attributed to the enhanced understand-
ing of the multifaceted role it plays within the immune 
system and the advent of novel more specific BTK in-
hibitors. Historically, it all started in 1952 when Ogden 
Bruton reported the first case of the later termed X- linked 
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Abstract
Bruton's tyrosine kinase (BTK) is a TEC kinase with a multifaceted role in B- cell 
biology and function, highlighted by its position as a critical component of the B- 
cell receptor signalling pathway. Due to its role as a therapeutic target in several 
haematological malignancies including chronic lymphocytic leukaemia, BTK has 
been gaining tremendous momentum in recent years. Within the immune system, 
BTK plays a part in numerous pathways and cells beyond B cells (i.e. T cells, mac-
rophages). Not surprisingly, BTK has been elucidated to be a driving factor not only 
in lymphoproliferative disorders but also in autoimmune diseases and response to 
infection. To extort this role, BTK inhibitors such as ibrutinib have been developed to 
target BTK in other diseases. However, due to rising levels of resistance, the urgency 
to develop new inhibitors with alternative modes of targeting BTK is high. To meet 
this demand, an expanding list of BTK inhibitors is currently being trialled. In this 
review, we synopsize recent discoveries regarding BTK and its role within differ-
ent immune cells and pathways. Additionally, we discuss the broad significance and 
relevance of BTK for various diseases ranging from haematology and rheumatology 
to the COVID- 19 pandemic. Overall, BTK signalling and its targetable nature have 
emerged as immensely important for a wide range of clinical applications. The devel-
opment of novel, more specific and less toxic BTK inhibitors could be revolutionary 
for a significant number of diseases with yet unmet treatment needs.

K E Y W O R D S
autoimmunity, Bruton's tyrosine kinase, BTK inhibitor, chronic lymphocytic leukaemia, ibrutinib, 
infections, lymphoproliferative disorders
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Fungal infections

Activation of calcineurin– NFAT in macrophages occurs 
via a phagocytic TLR9- dependent and BTK- dependent 
pathway in the context of Aspergillus fumigatus infection. 
Calcineurin inhibition leads to impaired pathogen clear-
ance in the airway due to diminished macrophage inflam-
matory responses and neutrophil recruitment. In line 
with that, defecting BTK signalling in macrophages has 
been associated with susceptibility to pulmonary aspergil-
losis [42], whereas BTK depletion significantly impaired 
human macrophage NFAT and NF- κB responses [43]. 
Furthermore, ibrutinib treatment has been linked to a 
high incidence of invasive aspergillosis in lymphoma [44].

Apart from macrophages, neutrophils are part of the 
first line of defence against fungal infections. Patients on 

ibrutinib due to lymphoid malignancies are characterized 
by significant functional defects in their neutrophil com-
partment that impair their response against A.  fumigatus 
[45], whereas data from CLL patients on ibrutinib indicate 
an increased risk of Pneumocystis jirovecii pneumonia [46].

Bacterial and parasitic infections

Ibrutinib induces changes in gene expression and phe-
notype in macrophages and severely impairs the mac-
rophage and γδT- cell responses to Mycobacterium 
tuberculosis [47]. Ibrutinib has been reported to have the 
potential to inhibit inflammation caused by bacterial in-
fection. Reports have shown that ibrutinib can inhibit the 
acute lung inflammation associated with pneumococcal 

F I G U R E  3  Overview of the various roles of Bruton's tyrosine kinase (BTK) in innate immunity. Chemokine receptor (CXCR4) 
activation upon chemokine binding leads to the dissociation of G proteins made up of Gα, Gβ and Gy subunits and downstream activation of 
BTK. ITAM- containing (and also ITIM- containing) Fc receptor crosslinking leads to activation of SYK and in turn BTK. Toll- like receptors 
(TLRs) are activated by pathogen- associated molecular patterns (PAMPs) and- damage associated molecular patterns (DAMPs). Activation of 
TLRs is followed by recruitment of MYD88. BTK in turn interacts with MYD88 leading to activation of transcription factors such as NF- кB. 
BTK is a direct regulator in the activation of the NLRP3 inflammasome. Efflux of K+ into the cell leads to phosphorylation of BTK, most 
likely by SYK, followed by activation. This phosphorylation promotes assembly of the inflammasome and leads to the cleavage and secretion 
of IL- 1β [103]
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L'attivazione di calcineurina-NFAT nei macrofagi avviene 
attraverso una via fagocitica dipendente da TLR9 e dipendente 
da BTK nel contesto dell'infezione da Aspergillus fumigatus. 
L'inibizione della calcineurina porta a una compromissione 
della clearance dei patogeni nelle vie aeree a causa della 
diminuzione delle risposte infiammatorie dei macrofagi e del 
reclutamento dei neutrofili

RUOLO NELLE INFEZIONI FUNGINE



RUOLO NELLE INFEZIONI BATTERICHE E 
PARASSITARIE

Ø Inibisce l’infiammazione causata dalle infezioni 
batteriche, in particolare S. pneumoniae e K. 
pneumoniae

Ø Ibrutinib induce cambiamenti nell'espressione genica e 
nel fenotipo nei macrofagi e compromette gravemente 
le risposte dei macrofagi e delle cellule γδT al 
Mycobacterium tuberculosis

Ø L'inibizione di BTK conferisce protezione contro 
l'infezione da Leishmania attraverso l’azione 
dell'immunità dell'ospite



RUOLO NELLE INFEZIONI VIRALI

Ø Gli studi hanno descritto in modo approfondito il ruolo cruciale del BTK 
espresso dalle cellule innate nelle infezioni virali. Nei macrofagi, i TLR 
riconoscono l'RNA a singolo filamento dai virus e avviano la segnalazione 
attraverso l'attivazione dipendente da BTK di NF-κB, innescando la produzione 
di citochine e chemochine infiammatorie multiple, nonché la fagocitosi

Ø Nei casi gravi di COVID-19, alti livelli di attivazione dei macrofagi sono stati 
identificati come causa della risposta immunitaria iperinfiammatoria 
osservata in questi pazienti

Ø Ruolo terapeutico come regolatore dell’attività macrofagica (es. 
acalabrutinib)

Ø L'inibizione di BTK compromette varie funzioni dell'immunità innata 
e aumenta la suscettibilità alle infezioni o all'immunità umorale
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Serious Infections in Patients Receiving Ibrutinib for 
Treatment of Lymphoid Cancer
Tilly Varughese,1 Ying Taur,1,2 Nina Cohen,3 M. Lia Palomba,2,4 Susan K. Seo,1,2 Tobias M. Hohl,1,2 and Gil Redelman-Sidi1,2 
1Infectious Diseases Service, Memorial Sloan Kettering Cancer Center, 2Department of Medicine, Weill Cornell Medical College, and 3Department of Pharmacy and  4Lymphoma Service, Memorial 
Sloan Kettering Cancer Center, New York, New York

Background. Ibrutinib is a Bruton tyrosine kinase inhibitor that is used for the treatment of lymphoid cancers, including chronic 
lymphocytic leukemia, Waldenström macroglobulinemia, and mantle cell lymphoma. Several case series have described opportun-
istic infections among ibrutinib recipients, but the full extent of these infections is unknown. We sought to determine the spectrum 
of serious infections associated with ibrutinib treatment.

Methods. We reviewed the electronic medical records of patients with lymphoid cancer at Memorial Sloan Kettering Cancer 
Center who received ibrutinib during a 5-year period from 1 January 2012 to 31 December 2016. Serious infections were identified 
by review of the relevant microbiology, clinical laboratory, and radiology data. Risk factors for infection were determined by means 
of univariate and multivariate analyses.

Results. We analyzed findings in 378 patients with lymphoid cancer who received ibrutinib. The most common underlying 
cancers were chronic lymphocytic leukemia and mantle cell lymphoma. 84% of patients received ibrutinib as monotherapy. Serious 
infection developed in 43 patients (11.4%), primarily during the first year of ibrutinib treatment. Invasive bacterial infections devel-
oped in 23 (53.5%) of these patients, and invasive fungal infections (IFIs) in 16 (37.2%) .The majority of patients with IFIs during 
ibrutinib therapy (62.5%) lacked classic clinical risk factors for fungal infection (ie, neutropenia, lymphopenia, and receipt of corti-
costeroids). Infection resulted in death in 6 of the 43 patients (14%).

Conclusions. Patients with lymphoid cancer receiving ibrutinib treatment are at risk for serious infections, including IFIs.
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Ibrutinib is a tyrosine kinase inhibitor that has demonstrated effi-
cacy in the treatment of a variety of lymphoid cancers, including 
chronic lymphocytic leukemia (CLL), B-cell lymphomas, and 
Waldenström macroglobulinemia (WM), in which tumor regres-
sion or stabilization and improvement in symptoms have been 
observed in the majority of treated patients [1–7]. Ibrutinib is gen-
erally well tolerated. Major adverse effects include fatigue, diarrhea, 
nausea, increased bleeding risk, atrial fibrillation, neutropenia, and 
thrombocytopenia [4, 6, 8]. Ibrutinib was approved by the US 
Food and Drug Administration for the treatment of patients with 
CLL, previously treated mantle cell lymphoma (MCL) or marginal 
zone lymphoma, WM, or refractory chronic graft-versus-host dis-
ease, and by the European Medicines Agency for the treatment of 
patients with CLL, WM, or previously treated MCL [1].

The main cellular target of ibrutinib is Bruton tyrosine kinase 
(BTK), a nonreceptor tyrosine kinase from the Tec family that is 

critical for B-cell proliferation and survival [9]. BTK and other 
members of the Tec family also function in other immune cell popu-
lations, including macrophages, where they regulate receptor-medi-
ated phagocytosis, including phagocytosis of fungal organisms such 
as Candida albicans [10, 11]. In mice, BTK deficiency is linked to 
susceptibility to Aspergillus fumigatus infection [12]. In humans, loss 
of BTK expression, as seen in individuals with X-linked agamma-
globulinemia (XLA) [13–15], results in the absence of circulating B 
cells and an increased risk for infections with encapsulated pyogenic 
bacteria and enteroviruses [16]. However, the infectious risks asso-
ciated with BTK pharmacologic blockade remain poorly defined.

Recently, there have been several reports of opportunistic 
infections in patients who received ibrutinib treatment, includ-
ing in cases of Pneumocystis jirovecii pneumonia (PJP), crypto-
coccosis, and invasive mold infection [12, 17–26]. We sought to 
comprehensively determine the spectrum of serious infections 
associated among patients receiving ibrutinib for the treatment 
of lymphoid cancer and to identify additional risk factors asso-
ciated with infection in these patients.

METHODS

The study was approved by the Institutional Review Board at 
Memorial Sloan Kettering Cancer Center (MSKCC), a 473-bed 
tertiary care cancer center in New York, New York. We reviewed 
the electronic medical records of all patients ≥18 years of age 
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Serious Infections in Patients Receiving Ibrutinib for 
Treatment of Lymphoid Cancer
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Background. Ibrutinib is a Bruton tyrosine kinase inhibitor that is used for the treatment of lymphoid cancers, including chronic 
lymphocytic leukemia, Waldenström macroglobulinemia, and mantle cell lymphoma. Several case series have described opportun-
istic infections among ibrutinib recipients, but the full extent of these infections is unknown. We sought to determine the spectrum 
of serious infections associated with ibrutinib treatment.

Methods. We reviewed the electronic medical records of patients with lymphoid cancer at Memorial Sloan Kettering Cancer 
Center who received ibrutinib during a 5-year period from 1 January 2012 to 31 December 2016. Serious infections were identified 
by review of the relevant microbiology, clinical laboratory, and radiology data. Risk factors for infection were determined by means 
of univariate and multivariate analyses.

Results. We analyzed findings in 378 patients with lymphoid cancer who received ibrutinib. The most common underlying 
cancers were chronic lymphocytic leukemia and mantle cell lymphoma. 84% of patients received ibrutinib as monotherapy. Serious 
infection developed in 43 patients (11.4%), primarily during the first year of ibrutinib treatment. Invasive bacterial infections devel-
oped in 23 (53.5%) of these patients, and invasive fungal infections (IFIs) in 16 (37.2%) .The majority of patients with IFIs during 
ibrutinib therapy (62.5%) lacked classic clinical risk factors for fungal infection (ie, neutropenia, lymphopenia, and receipt of corti-
costeroids). Infection resulted in death in 6 of the 43 patients (14%).

Conclusions. Patients with lymphoid cancer receiving ibrutinib treatment are at risk for serious infections, including IFIs.
Keywords. infection; ibrutinib; invasive fungal infection.
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other agents (Table 2). They were more likely to have received 
other regimens, rituximab, and autologous HSCT before ibru-
tinib. They were less likely to have previously received fludara-
bine (Table 2).

Serious Infections

Serious infection developed in 43 patients (11.4%). Infection 
developed during ibrutinib treatment in 31 patients, and within 
30 days after cessation of treatment in 12. The median time from 
initiation of ibrutinib to development of infection was 136 days 
(range, 8–1082  days), and 84% of infections occurred during 
the first year of ibrutinib treatment (Figure  1). Six patients 
(1.6%) died owing to progression of the infection.

Of the 43 patients in whom serious infection developed, 16 
(37.2%) had fungal infections, including proved or probable 
invasive aspergillosis (IA) in 8 patients, PJP in 3, concurrent 
probable IA and PJP in 1, pulmonary cryptococcal infection in 
3, and C. albicans bloodstream infection in 1. Of the 8 cases of 
aspergillosis, 2 involved the brain in addition to the lungs and 
1 involved the pleura; the remaining cases were limited to the 

lungs. Clinical characteristics of patients with fungal infection 
are detailed in Supplementary Table 1. None of these patients 
had undergone prior HSCT. One had received fludarabine and 
1 alemtuzumab in the 2 years before ibrutinib initiation. One 
patient in whom IFI developed had received prophylaxis with 

Table 2. Patient Characteristics

Patient Characteristics 

Patients, No. (%)a

P  Value
All Patients 
(N = 378) CLL (n = 165) NHL (n = 213)

Age, mean (SD), y 66 (12) 67 (10) 65.1 (13) .36
Male sex 246 (66) 115 (70) 131 (62) .10
Ibrutinib daily dose, mean, mg 485 420 536 <.001
Ibrutinib daily dose
 280 mg 9 (2) 5 (3) 4 (2)
 420 mg 250 (66) 157 (95) 93 (44)
 560 mg 86 (23) 2 (1) 84 (39)
 840 mg 33 (9) 1 (1) 32 (15)
Prior treatment regimens, mean (range), No. 2.31 (0–10) 1.55 (0–8) 2.90 (0–10) <.001
Ibrutinib as 1st-line treatment 71 (19) 54 (33) 17 (8) <.001
Rituximab before ibrutinib 271 (72) 99 (60) 172 (81) <.001
Fludarabine before ibrutinib 37 (10) 28 (17) 9 (4) <.001
Alemtuzumab before ibrutinib 2 (0.5) 2 (1) 0 (0) .19
Prior HSCTb 43 (11) 5 (3) 38 (18) <.001
 Autologous 36 (10) 1 (0.6) 35 (16) <.001
 Allogeneic 10 (3) 4 (2) 6 (3) .99
Ibrutinib monotherapy 316 (84) 157 (95) 159 (75) <.001
Neutropenia 12 (3) 8 (5) 4 (2) .14
Lymphopenia 28 (7) 4 (2) 24 (11) .001
Corticosteroid use 37 (10) 11 (7) 26 (12) .08
Antimicrobial prophylaxis
 PJP prophylaxis 60 (16) 21 (13) 39 (18) .16
 Antifungal prophylaxis 16 (4) 5 (3) 11 (5) .44
Infection 43 (11) 20 (12) 23 (11) .75
 Bacterial 23 (6) 9 (5) 14 (7) .83
 Fungal 16 (4) 10 (6) 6 (3) .13
 Viral 4 (1) 1 (0.6) 3 (1) .64

Abbreviations: CLL, chronic lymphocytic leukemia; HSCT, hematopoietic stem cell transplantation; NHL, non-Hodgkin lymphoma; PJP, Pneumocystis jirovecii pneumonia; SD, standard 
deviation.
aData represent No. (%) of patients unless otherwise specified.
bSome patients underwent >1 type of HSCT.

Figure 1. Serious infection after ibrutinib initiation. A Kaplan-Meier graph shows 
the probability of developing any serious infection, bacterial infection, fungal infec-
tion or viral infection after initiation of ibrutinib therapy. The y-axis represents the 
cumulative incidence of infection.
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infections. It is important to stress, however, that most of the 
patients with IFI in our study lacked the established risk factors 
for IFI. Notably, none of them were HSCT recipients, and 10 
(62.5%) had not received corticosteroids, exhibited neutrope-
nia or lymphopenia in the 4 weeks before development of IFI, 
or received agents associated with long-term immune dysfunc-
tion, such as alemtuzumab and fludarabine, in the 2 years before 
receipt of ibrutinib (Figure 2 and Supplementary Table  1). In 
addition, the frequencies of IFI among those who received 

ibrutinib as first-line treatment and those who had received ≥1 
prior treatment were identical (4.2%), suggesting that ibrutinib 
itself may be a direct driver of infection risk rather than prior 
treatment. Strengthening this conclusion is the fact that the inci-
dence of IFI in our study was higher than what was seen in sim-
ilar patient populations before the advent of ibrutinib [28, 29].  
However, it remains possible that other factors contributed to 
the risk of IFI in these patients.

The spectrum of infections seen in our study is distinct from 
that seen in individuals with XLA, who lack BTK expression. In 
particular, our patients had a relative abundance of IFIs, includ-
ing invasive mold infections, which have rarely been reported 
in patients with XLA [30]. This difference may be due to ibru-
tinib off-target effects on non-BTK Tec family proteins [31]. 
Another possible explanation is that immune suppression from 
the underlying lymphoid cancer or from prior lines of chemo-
therapy acted in conjunction with the ensuing ibrutinib therapy 
to predispose to IFI.

Primary central nervous system lymphoma (PCNSL) was the 
underlying diagnosis in only 14 patients in our study, and IFI 
developed in only 1 of them (7%). In a 2017 study, 7 of 18 (39%) 
patients with PCNSL who received ibrutinib developed possible, 
probable, or proved IA [12]. The much higher incidence of IFI 
in patients with PCNSL in our study may be due to the fact that 
most patients were receiving cytotoxic chemotherapy and cor-
ticosteroids in addition to high-dose ibrutinib (840 mg/d) [12].

An important limitation of our study is that our methods 
did not allow for identification of infections diagnosed outside 
MSKCC. Our study may therefore have underestimated the 

Table  5. Infection Risk Analysis: Patients With Versus Those Without 
Bacterial Infections

Parameter

Univariate Comparison

OR (95% CI) P  Value

Age 1.02 (.99–1.05) .26
Female sex 1.33 (.58–3.02) .50
CLL as underlying cancer 0.64 (.28–1.43) .27
Ibrutinib daily dose 1.002 (.999–1.004) .25
≥3 Prior treatment regimens 1.611 (.70–3.74) .27
Concurrent antitumor agents other than 

ibrutinib
0.74 (.18–3.11) .68

Prior fludarabine 0.40 (.04–2.36) .71
Neutropenia 4.24 (1.78–10.11) .001
Lymphopenia 1.47 (.34–6.34) .60
Corticosteroid use 0.60 (.08–4.46) .61
Antimicrobial prophylaxis
 PJP prophylaxis 2.08 (.76–5.66) .15
 Antifungal prophylaxis 1.68 (.23–12.41) .61

Abbreviations: CI, confidence interval; CLL, chronic lymphocytic leukemia; OR, odds ratio; 
PJP, Pneumocystis jirovecii pneumonia.

Figure 2. Swimmer plots of patients in whom fungal infections developed. Each bar represents a single patient. Abbreviations: IA, invasive aspergillosis; PJP, Pneumocystis 
jirovecii pneumonia.
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RUOLO NELLE INFEZIONI BATTERICHE E 
PARASSITARIE

Ø Inibisce l’infiammazione causata dalle infezioni 
batteriche, in particolare S. pneumoniae e K. 
Pneumoniae.

Ø Ruolo chiave dell’infection control: tamponi nasali, 
tamponi rettali, tamponi ambientali.

Ø Ruolo chiave nell’»antibiotic stewardship»: diagnosi 
microbiologica precoce, lavaggio delle mani, pratiche di 
isolamento, uso corretto degli antibiotici.

Ø Misurazioni







L'asse Janus chinasi/trasduttore di segnale e attivatore della trascrizione (JAK/STAT) 
è implicato nel cancro, nell'infiammazione e nell'immunità. Gli STAT fosforilati  
correlati a malattie specifiche: lupus eritematoso sistemico (polimorfismi TYK2); 
grave immunodeficienza combinata (mutazioni JAK3); leucemia linfoblastica acuta 
pediatrica (mutazioni TYK2); e trombocitosi ereditaria (mutazioni JAK2)

INIBITORI DI JANUS CHINASI



INIBITORI DI JANUS CHINASI

Diverse neoplasie maligne delle cellule T, così come la 
leucemia linfoblastica acuta delle cellule B e la leucemia 
megacarioblastica acuta ospitano anche alterazioni 
somatiche della famiglia JAK. Gli inibitori JAK (jakinib) 
sono stati utilizzati in molte condizioni con l'attivazione 
JAK; sono approvati nei disturbi mieloproliferativi, 
nell'artrite reumatoide e psoriasica, nella dermatite 
atopica, nella colite ulcerosa, nella malattia dell'innesto 
contro l'ospite, nell'alopecia areata, nella spondilite 
anchilosante e nei pazienti ospedalizzati per COVID-19. 



INTERLEUCHINE E COVID-19

Lo stato iperinfiammatorio in alcune forme di malattia 
da SarS-CoV-2 indicato come tempesta di citochine 
nella sua forma più grave è stato caratterizzato da un 
aumento di IL-6, IL-10, TNF-a e altre citochine e da una 
grave linfopenia e coagulopatia delle cellule T CD41 e 
CD81



absent in melanoma 2–sensing foreign DNA, induces the forma-
tion of caspase-1, which cleaves pro–IL-1b into IL-1b (Fig 2). In
a study using single-cell RNA sequencing in the PBMCs of 10 pa-
tients with COVID-19 compared with 5 healthy controls, the au-
thors reported an increased quantity of CD1411 monocytes with
inflammatory gene expression and CD1411 IL-1b1 monocytes
in the early recovery stages of SARS-CoV-2.41 IL-1b is also
implicated in the activity of nuclear factor kappa-light-chain-
enhancer of activated B cells, inducing the synthesis of various

inflammatory genes of mediators such as IL-6.9 Thus, a reduction
in IL-1b activity would reduce IL-6 production.42

Following initial escape of the innate response, recognition of
virus promotes the migration of pulmonary dendritic cells to the
lymph nodes for presentation of antigen to passing T cells for the
development of more robust antigen-specific T- and B-cell
adaptive response. During this response, soluble mediators play
a role in cellular function and signal transduction by binding to
specific receptors on the surface of target cells. For example,

 TH17

FIG 1. COVID-19 immunologic mechanisms for CS and the possible role of biologics. When SARS-CoV-2
PAMPs and/or DAMPs bind to TLRs on the surface of resident alveolar macrophages, they become activated
and secrete TNF, IL-1b, and IL-6. In increased levels, these cytokines will be the hallmark of the CS
responsible for the ARDS and CS in COVID-19. The different targets of biologics are illustrated in the figure.
Specifically, the downstream effect of IL-6 can be blocked with tocilizumab, sarilumab, or siltuximab and the
effects of IL-1b with anakinra or canakinumab. CD81 T cells produce IFN-g, causing direct tissue damage,
whereas activated CD41 T cells, in the presence of transforming growth factor b and IL-6, will differentiate
into the TH17-cell subset, responsible for secreting IL-17A and IL-17F, which, among numerous roles, target
macrophages, dendritic cells, endothelial cells, and fibroblasts to increase the production of IL-1, IL-6, and
TNF. DAMP, Damage-associated molecular pattern; PAMP, pathogen-associated molecular pattern; TLR,
Toll-like receptor; TMPRSS2, transmembrane protease, serine 2.

J ALLERGY CLIN IMMUNOL

VOLUME 146, NUMBER 3

COPAESCU ET AL 521
COVID-19
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ABSTRACT
During SARS- CoV- 2 infection, the innate immune response 
can be inhibited or delayed, and the subsequent persistent 
viral replication can induce emergency signals that may 
culminate in a cytokine storm contributing to the severe 
evolution of COVID- 19. Cytokines are key regulators 
of the immune response and virus clearance, and, as 
such, are linked to the—possibly altered—response 
to the SARS- CoV- 2. They act via a family of more than 
40 transmembrane receptors that are coupled to one 
or several of the 4 Janus kinases (JAKs) coded by the 
human genome, namely JAK1, JAK2, JAK3, and TYK2. 
Once activated, JAKs act on pathways for either survival, 
proliferation, differentiation, immune regulation or, in the 
case of type I interferons, antiviral and antiproliferative 
effects. Studies of graft- versus- host and systemic 
rheumatic diseases indicated that JAK inhibitors (JAKi) 
exert immunosuppressive effects that are non- redundant 
with those of corticotherapy. Therefore, they hold the 
potential to cut- off pathological reactions in COVID- 19. 
Significant clinical experience already exists with 
several JAKi in COVID- 19, such as baricitinib, ruxolitinib, 
tofacitinib, and nezulcitinib, which were suggested by 
a meta- analysis (Patoulias et al.) to exert a benefit in 
terms of risk reduction concerning major outcomes when 
added to standard of care in patients with COVID- 19. Yet, 
only baricitinib is recommended in first line for severe 
COVID- 19 treatment by the WHO, as it is the only JAKi 
that has proven efficient to reduce mortality in individual 
randomized clinical trials (RCT), especially the Adaptive 
COVID- 19 Treatment Trial (ACTT- 2) and COV- BARRIER 
phase 3 trials. As for secondary effects of JAKi treatment, 
the main caution with baricitinib consists in the induced 
immunosuppression as long- term side effects should not 
be an issue in patients treated for COVID- 19.
We discuss whether a class effect of JAKi may be 
emerging in COVID- 19 treatment, although at the moment 
the convincing data are for baricitinib only. Given the 
key role of JAK1 in both type I IFN action and signaling 
by cytokines involved in pathogenic effects, establishing 
the precise timing of treatment will be very important in 
future trials, along with the control of viral replication by 
associating antiviral molecules.

INTRODUCTION
Cytokine receptors and the Janus kinase-Signal 
Transducers and Activators of Transcription 
pathway
Cytokines are alpha- helical proteins of 
160–170 aminoacids that are secreted and 
act on target cells as a function of expression 
and exposure on their surface of specific 

receptors. They are fundamentally required 
for blood formation and regulation of the 
immune response. In blood formation, on 
commitment to differentiation of hematopoi-
etic stem cells (HSCs), lineage specific cyto-
kines regulate the survival, proliferation and 
differentiation of progenitors and the final 
blood levels.1

Cytokines act via specific cytokine recep-
tors. The human genome codes for over 40 
cytokine receptors. They all signal via Janus 
kinases (JAKs), initially called Just Another 
Kinases, that are appended non- covalently 
to their cytosolic tails. Four JAKs are coded 
by the human genome, namely JAK1, JAK2, 
JAK3 and TYK2. Activated receptors induce 
via JAKs the activation of Signal Transducers 
and Activators of Transcription (STATs). 
There are 7 STATs coded by the human 
genome. Several receptors use the same JAKs 
and sharing of JAKs allows specific signals by 
the different receptors and cytokines, but 
different outputs.1 The cytokine receptor 
superfamily is divided in type 1 and type 
2 families (figure 1) and this distinction is 
derived from different sequence features, 
such as conserved WSXWS motifs in the extra-
cellular domains and boxes 1 and 2 motifs in 
the cytosolic domains for type 1 (figure 2A).1 
The type 1 family consists of homodimeric 
receptors (for Epo, Tpo, GCSF, Growth 
Hormone, Prolactin), heterodimeric recep-
tors (for IL- 3, IL- 5, GM- CSF), using JAK2, 
hetero- oligomeric receptors, using JAK1 and 
to some extent JAK2 and TYK2 (represented 
by the IL6 family receptors),2 and finally the 
gamma chain using receptors (namely those 
for IL- 2, IL- 7, IL- 9, IL- 15, IL- 21) (figure 1) 
which are composed of a specific chain 
bound to JAK1 and a common chain shared 
by all these receptors (the common gamma- 
chain or IL- 2R subunit gamma), bound to 
JAK3. The type 2 family consists of recep-
tors for type I interferon (bound to JAK1 
and TYK2) (figure 3),3 for type II interferon 
or IFN- gamma (bound to JAK1 and JAK2)
(figure 3)4 and receptors for IL- 10, IL- 20, 
IL- 22 to IL- 24 and others, using JAK1 or JAK2 
and TYK2. The fundamental mechanism 
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L’attivazione di JAK-STAT promuove la senescenza delle 
cellule infette da SARS-CoV-2, il che amplifica 
l'infiammazione. Pertanto, JAKi, e in particolare gli inibitori 
JAK1/JAK2, sono stati suggeriti come potenziale terapia 
contro l'infiammazione sistemica nel COVID-19 perché il 
trattamento con un inibitore JAK1/JAK2 per prevenire le 
lesioni polmonari nelle forme gravi di COVID-19 sarebbe in 
grado di ridurre l'azione delle citochine in modo più efficace 
che bloccare una citochina alla volta (come IL-6).
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Abstract
In this editorial, we discussed the apparent discrepancy between the findings 
described by Colapietro et al, in their case report and data found in the literature. 
Colapietro et al reported a case of hepatitis B virus (HBV)-related hepatic 
decompensation in a patient with chronic myeloid leukemia and a previously 
resolved HBV infection who was receiving Bruton’s tyrosine kinase (BTK) 
inhibitor therapy. First of all, we recapitulated the main aspects of the immune 
system involved in the response to HBV infection in order to underline the role of 
the innate and adaptive response, focusing our attention on the protective role of 
anti-HBs. We then carefully analyzed literature data on the risk of HBV 
reactivation (HBVr) in patients with previous HBV infection who were treated 
with either tyrosine kinase inhibitors or BTK inhibitors for their hematologic 
malignancies. Based on literature data, we suggested that several factors may 
contribute to the different risks of HBVr: The type of hematologic malignancy; the 
type of therapy (BTK inhibitors, especially second-generation, seem to be at a 
higher risk of HBVr than those with tyrosine kinase inhibitors); previous exposure 
to an anti-CD20 as first-line therapy; and ethnicity and HBV genotype. Therefore, 
the warning regarding HBVr in the specific setting of patients with hematologic 
malignancies requires further investigation.

Key Words: Hematological malignancy; Hepatitis; Hepatitis B virus-DNA; Bruton’s 
tyrosine kinase; Previously resolved hepatitis B virus infection
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Table 1 Hepatitis B surface antigen-negative patients with either hepatitis B core or surface antibody or hepatitis B core/surface 
antibody positivity treated with tyrosine kinase inhibitors for hematological malignancies

Ref. Type of disease, n First-line TKI therapy Patients, n HBVr, n Hepatitis, n Liver failure, n

Orlandi et al[2] CML NS1 26 0 0 0

Sora et al[3] CML 6 imatinib1,  
4 nilotinib1

10 0 0 0

Wang et al[4] CML NS1 123 0 0 0

Innocenti et al[5] CML Ibrutinib2 108 2 0 0

Hammond et al[6] CLL (15) MCL (4) WM 
(2)

Ibrutinib2 21 2 0 0

Chiu et al[7] CCL (22) MCL (6) 12 ibrutinib2,  
1 zanubrutinib2,  
15 acalabrutinib2

28 2 2 2

Tsuruya et al[8] CLL Ibrutinib2 1 1 1 0

Lam et al[9] Ibrutinib2 1 1 1 0

1First-generation or second-generation tyrosine kinase inhibitors (imatinib and dasatinib/nilotinib, respectively) used alone or in combination.
2Bruton’s tyrosine kinase inhibitors.
3Patients with remote use of anti-hepatitis B virus therapy or anti-CD20 monoclonal antibodies were included in this study.
All studies reported in the table were retrospective. CML: Chronic myeloid leukemia; CLL: Chronic lymphocytic leukemia; HBVr: Hepatitis B virus 
reactivation; MCL: Mantle cell lymphoma; NS: Not significant; TKI: Tyrosine kinase inhibitors; WM: Waldenstrom macroglobulinemia.

making use of different considerations. First, different hematologic malignancies and different types of therapies (first-
generation or second-generation TKI and BTK inhibitors) were reported in the studies; second, the patients participating 
in the studies were from different geographical areas, which is an aspect linked to both ethnicity and HBV genotype.

As shown in Table 1, the first three studies[2-4] enrolled only patients with CML treated with TKIs, and none of the 159 
patients experienced HBVr. The fourth study[5] enrolled 108 Caucasian patients with a similar hematologic malignancy 
(CML) but who were instead receiving a first-generation BTK, namely ibrutinib. Interestingly, the 2 patients (1.8%) who 
experienced HBVr had previously received chemoimmunotherapy and did not develop signs of hepatitis. Unlike the 
previous one, the study by Hammond et al[6] involved 21 patients with different hematologic malignancies treated with 
the same BTK inhibitor. In this study, a higher percentage of HBVr (9.5%) was observed with no signs of hepatitis, 
suggesting a different risk of HBVr due to the underlying disease.

The most recent study by Chiu et al[7] reported HBVr in 2 of the 28 patients who both experienced liver failure. In this 
study, they had received a second-generation BTK inhibitor (acalabrutinib or zanubrutinib) as second-line therapy. One 
of the two patients was 92-years-old, and both patients had previously received anti-CD20 monoclonal antibodies as first-
line therapy. Interestingly, acalabrutinib was the same BTK inhibitor used by Colapietro et al[1].

Finally, the two case reports reported in Table 1 both possess some peculiarities that may justify the elevated risk of 
HBVr. The patient described by Tsuruya et al[8] was anti-HBs positive and HBV-DNA negative at screening. However, it 
is a known fact that low HBV-DNA levels can fluctuate. Lam et al[9] described a case of HBVr in an asymptomatic 82-
year-old female with seronegative occult HBV infection (i.e. negative for HBsAg and anti-HBs), who was not tested for 
HBV-DNA before the commencement of therapy.

CONCLUSION
Our data support a simple follow-up in patients with hematologic malignancies and a history of previously resolved HBV 
infections who were treated with TKI therapy. On the other hand, those patients who are treated with BTK inhibitors 
deserve more attention. Notably, it would seem that Asian patients are more at risk of HBVr with clinical complications 
compared to Caucasian patients. To definitively clarify the risk of HBVr in this clinical setting, it is necessary to perform 
prospective studies taking into consideration several aspects: The type of underlying hematologic disease; the patients’ 
clinical history especially if they had already received a first-line therapy or have important comorbidities; and advanced 
age.
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Abstract
Background—The present review is part of the ESCMID Study Group for Infections in 
Compromised Hosts (ESGICH) Consensus Document on the safety of targeted and biological 
therapies.

Aims—To review, from an Infectious Diseases perspective, the safety profile of immune 
checkpoint inhibitors, LFA-3-targeted agents, cell adhesion inhibitors, sphingosine-1-phosphate 
receptor modulators and proteasome inhibitors and to suggest preventive recommendations.

Sources—Computer-based MEDLINE searches with MeSH terms pertaining to each agent or 
therapeutic family.
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Content—CTLA-4- and PD-1/PD-L1-targeted agents do not appear to intrinsically increase the 
risk of infection, but can induce immune-related adverse effects (irAEs) requiring additional 
immunosuppression. Although CD4+ T-cell lymphopenia is associated with alefacept, no 
opportunistic infections have been observed. Progressive multifocal leukoencephalopathy (PML) 
may occur during therapy with natalizumab (anti-α4-integrin monoclonal antibody [mAb]) and 
efalizumab (anti-CD11a mAb), but no cases have been reported to date with vedolizumab (anti-
α4β7 mAb). In patients at high-risk for PML (positive anti-JC polyomavirus serology with serum 
antibody index >1.5 and duration of therapy ≥48 months), the benefit/risk balance of continuing 
natalizumab should be carefully considered. Fingolimod induces profound peripheral blood 
lymphopenia and increases the risk of varicella-zoster virus (VZV) infection. Prophylaxis with 
(val)acyclovir and VZV vaccination should be considered. Proteasome inhibitors also increase the 
risk of VZV infection, and antiviral prophylaxis with (val)acyclovir is recommended. Anti-
Pneumocystis prophylaxis may be considered in myeloma multiple patients with additional risk 
factors (i.e., high-dose corticosteroids).

Implications—Clinicians should be aware of the risk of irAEs and PML in patients receiving 
immune checkpoint and cell adhesion inhibitors, respectively.

Keywords
ipilimumab; nivolumab; pembrolizumab; alefacept; natalizumab; vedolizumab; progressive 
multifocal leukoencephalopathy; fingolimod; proteasome inhibitors; infection

Introduction
The present review paper is part of a larger effort launched by the ESCMID (European 
Society of Clinical Microbiology and Infectious Diseases) Study Group for Infections in 
Compromised Hosts (ESGICH) and aimed at analyzing, from an Infectious Diseases 
perspective, the safety profile of biological and targeted therapies. By means of a set of 
unrestricted computer-based MEDLINE (National Library of Medicine, Bethesda, MD) 
searches based on the MeSH terms appropriate for each agent or therapeutic family, we 
identified literature pertaining to the subject. In addition, package information and boxed 
warning alerts from regulatory agencies (European Medicines Agency [EMA] and US Food 
and Drug Administration [FDA]) were reviewed. Methodological details are provided in the 
Introduction section of the present Supplement issue [1]. For each agent (or class of agents), 
a common outline is offered: (a) summary of mechanism of action, approved indications and 
most common off-label uses; (b) theoretically expected impact on the host’s susceptibility to 
infection; (c) available evidence emerging from the clinical use of that agent (i.e., 
randomized clinical trials [RCTs], post-marketing studies, case series and single case 
reports); and (d) suggested preventive and risk minimization strategies. This section is 
focused on the risk of infection entailed by the use immune checkpoint inhibitors, cell 
adhesion inhibitors, sphingosine-1-phosphate receptor modulators (fingolimod) and 
proteasome inhibitors (PIs). In addition, the literature on alefacept (a T-cell activation 
inhibitor whose production has been discontinued) is briefly reviewed. These therapeutic 
families are not covered in other sections of the document. In general terms, all of them have 
a roughly common impact on the functionality, activation and/or migration of immune cells 
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ANCHE VOI AVETE SOFFERTO, PER 
CIRCA VENTI MINUTI


