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Abstract

Purpose of review: In recent years, we have witnessed a remarkable surge in the clinical 

development of effective biological and cellular therapies for the treatment of neoplastic and 

autoimmune disorders. This review summarizes our understanding of the pathogen-specific 

infection risk associated with the use of such therapies.

Recent findings: A variety of biologics, in the form of either monoclonal antibodies (Mabs) or 

small molecule kinase inhibitors (Nibs), are continuously introduced in the clinic for the 

management of autoimmune and malignant diseases. In addition, cellular therapies such as the 

infusion of chimeric antigen receptor (CAR) T-cells are becoming increasingly available for 

patients with treatment-refractory lymphoid malignancies. Some of these biological and cellular 

interventions exert direct or indirect adverse effects on the induction of protective immune 

responses against various pathogens, resulting in heightened infection susceptibility.

Summary: The introduction of biological and cellular therapies for the treatment of malignant 

and autoimmune diseases has been associated with increased infection susceptiblity, which varies 

greatly depending on the specific immunomodulatory therapy, the infecting pathogen and the 

recipient patient population. A high index of clinical suspicion and efforts aiming at early 

diagnosis, targeted vaccination or prophylaxis, and prompt initiation of antimicrobial treatment 

should help improve infection outcomes.
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Introduction

In recent decades, the advent of chemotherapeutic and immunomodulatory therapies and of 

hematopoietic stem cell transplantation (HSCT) and solid organ transplantation (SOT) has 
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revolutionized the management of patients with malignancies, autoimmunity, and end-organ 

failure. Collectively, these interventions have caused an expansion of human populations at-

risk for developing certain infections.

Since the early 2000s, when the BCR-ABL tyrosine kinase inhibitor imatinib proved 

effective and safe for treating chronic myelogenous leukemia and gastrointestinal stromal 

tumors (1, 2), an exponential surge in the clinical use of novel mechanism-based biological 

therapies [i.e., monoclonal antibodies (Mabs), small molecule kinase inhibitors (Nibs)] has 

further transformed the management of malignant and autoimmune diseases. Moreover, the 

increasingly broader use of novel cellular therapies such as chimeric antigen receptor (CAR) 

T-cells shows promise for the successful management of patients with treatment-refractory 

malignancies (3).

Some biological and cellular therapies have been associated with the emergence of certain 

infections, which are accounted for by inhibitory effects on immune-related molecules and 

pathways that are critical for mounting protective innate and adaptive immune responses in 

humans (4–6). Herein, we briefly outline key observations pertaining to heightened infection 

susceptibility in the setting of certain biological and cellular therapies; an exhaustive survey 

of all such infections and therapies is beyond the scope of this mini-review.

Infectious complications associated with Mabs

A few important Mab-associated infectious complications are worth briefly discussing 

(Table 1). In 2001, the first association between a Mab and infection susceptibility was 

revealed with the reporting of tuberculosis -often extrapulmonary (including disseminated)- 

in recipients of the TNF-α inhibitor infliximab (7). TNF-α inhibitors are now well-

recognized to predispose to infections by mycobacteria and, less often, endemic dimorphic 

fungi (e.g., histoplasmosis), consonant with the critical contribution of TNF-α in priming 

intra-macrophage pathogen clearance (5, 8, 9); infection risk is greater with the Mabs 

infliximab and adalimumab relative to the soluble TNF-α receptor etanercept, and screening 

for latent tuberculosis is recommended prior to initiation of anti-TNF-α therapy.

Since the advent of TNF-α inhibitors, several other cytokine-targeting Mabs have been 

introduced in clinical practice, associated with differential Mab-specific infection risk. For 

example, inhibition of IL-1–related signaling by IL-1β–targeting canakinumab or IL-1 

receptor–targeting anakinra is overall well-tolerated from an infection standpoint in the 

absence of other risk factors. Inhibition of IL-6 receptor signaling by tocilizumab increases 

the risk for serious bacterial infections in patients with rheumatologic diseases who receive 

it recursively, whereas it is typically well-tolerated in patients with short-term exposures 

(i.e., 1–2 doses within 48 hours); sporadic opportunistic fungal infections have also been 

reported with long-term tocilizumab use, primarily in patients receiving additional 

immunomodulators such as corticosteroids (10–13).

The recent introduction of Mabs that target IL-17 receptor signaling at various levels (e.g., 

IL-12p40, IL-12p19, IL-17A, IL-17A/IL-17F, IL-17RA) for the management of psoriasis 

and inflammatory bowel disease has been associated with refractory mucosal candidiasis in 

~2–4% of treated individuals, consistent with the known requirement for intact IL-17 
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signaling in promoting mucosal antifungal immunity (5, 14–16). Early clinical experience 

with the GM-CSF receptor-targeting mAb mavrilimumab is suggestive of a possible 

increased risk for pneumonia (17), whereas early experience with the IFN-γ–targeting mAb 

emapalumab points to an increased risk for serious infections by bacteria (including 

bacteremia, pneumonia, sepsis and necrotizing fasciitis), mycobacteria, endemic dimorphic 

fungi, Pneumocystis jirovecii (PJP) and viruses (particularly herpes zoster) (overall 

frequency, 32%; FDA package insert). Hence, screening for latent tuberculosis and antiviral 

and antifungal prophylaxis should be considered in emapalumab-treated patients.

In addition to cytokine-targeting Mabs, Mabs that target and/or deplete lymphocytes also 

enhance the risk of infection. For example, the CD52-targeting Mab alemtuzumab causes 

profound T-cell lymphocytopenia, which may last for up to 3–5 years (18). Accordingly, 

alemtuzumab-treated patients are at high-risk (frequency, >5–10%) for bacterial pneumonia 

and for reactivation of viral infections with herpes simplex and herpes zoster. As such, 

vaccination for pneumococcus and herpes zoster is advised prior to alemtuzumab initiation 

and valacyclovir prophylaxis should be strongly considered in alemtuzumab-treated 

individuals. Moreover, alemtuzumab given for rejection prevention predisposes to CMV 

reactivation in SOT recipients, typically within the first year post-transplantation (frequency, 

~5–15% depending on the patient population). CMV and, less often, BK virus reactivation 

may also be observed in SOT recipients treated with basiliximab, a Mab that targets the α-

chain (CD25) of the IL-2 receptor on activated T-cells (19); however, that risk appears lower 

with basiliximab relative to that conferred by alemtuzumab or anti-thymocyte globulin. 

Alemtuzumab-treated patients may also develop, yet with less frequency, other AIDS-

associated opportunistic infections such as mucosal candidiasis PJP, progressive multifocal 

leukoencephalopathy (PML), cryptococcosis, and toxoplasmosis, while sporadic cases of 

listeriosis and nocardiosis have also been reported early on after alemtuzumab initiation 

(20). Due to the risk of tuberculosis and HPV reactivation in high-risk patients, HPV 

vaccination and screening for latent tuberculosis are also advised before initiating 

alemtuzumab. Last, besides valacyclovir prophylaxis, consideration can be given for 

prophylaxis with fluconazole and/or trimethoprim-sulfamethoxazole depending on the 

patient population and co-existent risk factors.

The CD20-targeting Mab rituximab causes prolonged B-cell depletion and 

hypogammaglobulinemia, thereby predisposing to severe bacterial and viral infections (21); 

similar infections occur with the CD38-targeting Mab daratumumab, which depletes plasma 

cells/plasmablasts and also causes hypogammaglobulinemia (22). A recent study showed a 

correlation between decreased IgG levels before or during rituximab therapy with the 

development of serious infections; therefore, monitoring of gamma globulin levels and 

immunoglobulin replacement therapy should be considered in rituximab-treated patients 

with inadequate vaccination responses (23). Importantly, rituximab is a major risk factor for 

hepatitis B reactivation, which can cause fulminant liver failure and death; therefore, 

prophylaxis is advised in high-risk individuals (i.e., HBsAg positive or HBsAg negative/

anti-HBc positive) (24). PML may also occur with rituximab (frequency, ~1:40,000), and it 

is more often observed after repeated, prolonged use (25). Similarly, PML develops with the 

α4-integrin–targeting mAb natalizumab (frequency, ~1:250), more often also after 

prolonged (>2-year) administration, and in individuals with positive anti-JC antibodies 
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and/or receiving additional immunosuppressive medications (26). Rituximab may also 

promote PJP susceptibility, while severe West Nile encephalitis and babesiosis have been 

reported in rituximab-treated patients (21).

The complement C5a-targeting Mab eculizumab causes a ~1000–2000–fold increased risk 

for life-threatening meningococcal disease (27) and predisposes to invasive infections by 

pneumococcus, gonorrhea, and Haemophilus, in keeping with similar susceptibility of 

patients with inherited terminal complement deficiencies (28). Thus, vaccination against 

these pathogens before eculizumab initiation is critically important. In 2018, the FDA 

updated eculizumab’s package insert to warn for the risk for aspergillosis, especially in 

patients with additional predisposing factors; concordantly, a small report of eculizumab-

treated HSCT recipients with thrombotic microangiopathy showed that 20% developed 

aspergillosis despite receiving mold-active antifungal prophylaxis (29). More studies are 

needed to further clarify the risk of fungal disease in eculizumab-treated patients.

The checkpoint molecule (PD-1, CTLA-4)-targeting Mabs have transformed the 

management of several neoplasms. Except for recent reports that indicate that checkpoint 

inhibitors (CPIs) may predispose or unmask tuberculosis (30), these molecules do not appear 

to drive infection susceptibility (31); in fact, early clinical reports show promise for the 

potential use of CPIs for the treatment of refractory infections (e.g., PML, mucormycosis) 

(32, 33). Nonetheless, CPI-associated immune-related adverse events occur frequently, and 

their management with immunomodulators such as corticosteroids or TNF-α inhibitors can 

predispose to opportunistic infections (34).

Infectious complications associated with Nibs

A few important Nib-associated infectious complications are worth highlighting herein 

(Table 2). The Janus kinase (JAK) inhibitors (ruxolitinib, tofacitinib, baricitinib, 

upadacitinib) are increasingly used in clinical practice with >300 ongoing clinical trials 

aimed at evaluating their efficacy in numerous autoimmune, inflammatory, and malignant 

conditions (clinicaltrials.gov). These drugs potently inhibit the JAK/STAT pathway and 

impair signaling downstream of several inflammatory mediators including common γ-chain 

cytokines, type-I, type-II and type-III interferons, GM-CSF, IL-6, IL-12, IL-22 and IL-23 

(35–37). Not surprisingly, JAK inhibitor-treated patients are at-risk for bacterial pneumonia 

and severe viral infections including herpes simplex, herpes zoster and, less often, CMV 

disease. Thus, valacyclovir prophylaxis should be strongly considered in patients receiving 

JAK inhibitors. Furthermore, in keeping with the crucial role of the cross-talk between IFN-

γ–producing lymphocytes and macrophages for clearance of intracellular pathogens, JAK 

inhibitors are associated with developing infections by mycobacteria (tuberculosis and non-

tuberculous), endemic dimorphic fungi, Cryptococcus, and PJP (38, 39). As such, PJP 

prophylaxis should be considered in JAK inhibitor-treated patients when additional risk 

factors co-exist. In addition, awareness is warranted in JAK inhibitor-treated patients for 

development of aspergillosis, especially when other immunomodulators are co-administered; 

indeed, sporadic reports of aspergillosis are now emerging (40, 41), consistent with mouse 

experimental evidence that IFN-λ/IFNLR1/JAK/STAT signaling promotes neutrophil 

oxidative burst and Aspergillus killing (42).
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The Bruton’s tyrosine kinase (BTK) inhibitor ibrutinib impairs B-cell development, survival 

and activation and has become a gamer-changing therapy for patients with chronic 

lymphocytic leukemia and other B-cell malignancies. Bacterial infections, primarily 

bacteremia and pneumonia, occur in ~6% of ibrutinib-treated patients; Staphylococcus 
aureus was the most common pathogen identified in a recent tertiary cancer center series 

(43). The emergence of invasive fungal disease post-ibrutinib was surprising given the low 

frequency of such infections in patients with X-linked agammaglobulinemia. Invasive mold 

infections (predominantly aspergillosis) are more common, followed by PJP, followed by 

cryptococcosis in ibrutinib-treated patients; in addition to inhibition of BTK in B-cells and 

myeloid cells, ibrutinib inhibits ITK in T-cells, which may contribute to the emergence of 

PJP and cryptococcosis that rely on T-cell–dependent immunity. Recent reports collectively 

suggest that ibrutinib monotherapy is associated with aspergillosis in ~2–4% of patients (43–

45). Aspergillosis incidence is increased in patients receiving ibrutinib with corticosteroids 

(~5–11%) (46, 47), and is dramatically greater in those who receive ibrutinib with 

corticosteroids and chemotherapy (up to 39%) (48). Therefore, Aspergillus-active 

prophylaxis should be considered when ibrutinib and other immunosuppressive drugs are 

combined; isavuconazole exhibits lesser drug-drug interactions relative to other triazoles and 

may be favored as prophylaxis with ibrutinib co-administration (Lionakis, unpublished 

observations). Important clinical features of ibrutinib-associated invasive fungal disease 

include: a) the typical absence of conventional risk factors for such infections (e.g., 

neutropenia, lymphocytopenia), b) the development of most infections within the first 2–4 

months post-ibrutinib initiation, but infrequently later on, c) and the dramatically increased 

frequency of central nervous system (CNS) aspergillosis (up to ~45% of infections) (44, 45, 

48, 49). The emergence of invasive mold disease in ibrutinib-treated patients has uncovered 

the critical contributions of BTK in phagocyte activation and antifungal effector function 

(50). Last, severe viral infections, primarily respiratory viral pneumonia, has been reported 

in ~1% of ibrutinib-treated patients (43). It remains to be seen whether isolated BTK 

inhibition with second-generation inhibitors such as acalabrutinib will be associated with the 

same profile of infection susceptibilities as seen with combined BTK/ITK inhibition by 

ibrutinib.

Dasatinib, a second-generation multitargeted tyrosine kinase inhibitor has been associated 

with significant infection risk, ranging from severe bacterial infections (primarily sepsis, 

pneumonia and soft-tissue infections) to CMV disease in HSCT recipients, to PJP and 

hepatitis B reactivation (6). Severe CMV disease and PJP can also occur with the 

phosphatidylinositol-3-kinase (PI3K) inhibitor idelalisib; PJP prophylaxis is warranted in 

idelalisib-treated patients (6). Early experience with the spleen tyrosine kinase (SYK) 

inhibitor fostamatinib has not identified major infection susceptibility to-date. However, 

SYK is centrally located within the fungal sensing C-type lectin receptor/CARD9 signaling 

pathway, and patients with inherited CARD9 deficiency exhibit profound susceptibility to 

mucocutaneous and invasive fungal infections of the CNS, caused by impaired microglial-

neutrophil responses leading to CNS neutropenia during infection (51–54). Therefore, 

clinical awareness is warranted for the possible development of fungal infections in 

fostamatinib-treated patients, as reports of mucosal candidiasis and skin fungal infection are 

emerging in such patients (55) (clinicaltrials.gov, NCT00798096).
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Infectious complications following CAR T-cell therapy

CAR T-cells are an effective treatment option for patients with B-cell malignancies who are 

refractory to other therapies. CAR T-cells are genetically engineered to express a receptor 

recognizing a target protein on cancer cells that, when engaged, induces killing of the target-

expressing cell, be it a tumor or normal cell (3). Current FDA-approved CAR T-cells target 

CD19 on B-cell malignancies (56, 57), but CAR T-cells targeting other antigens on B-cell 

malignancies and other cancers are currently in development.

While CAR T-cell therapy has proven successful in some patients, it is not effective in all 

and it is not without risks. The most well-described toxicities associated with CAR T-cell 

therapy are cytokine release syndrome (CRS) and Immune effector Cell-Associated 

Neurotoxicity Syndrome (ICANS), and B-cell aplasia, but additional toxicities are emerging, 

including prolonged cytopenias, which may be related to the underlying disease, prior 

treatment, or even CAR T-cell–related toxicities (4). CRS and ICANS are usually acute and 

are monitored closely following CAR T-cell treatment (Figure 1); both feature robust 

immune activation, leading to a pro-inflammatory cytokine storm that can have negative 

effects on multiple organs (58–60). These high cytokine levels, or the treatments used to 

manage them, may predispose to infections or prolonged cytopenias (11).

Infections in patients receiving CAR T-cell therapy may emerge as a direct result of the 

underlying malignancy and prior exposure to treatments for their hematologic malignancy. 

Most patients have undergone multiple prior therapies (61) that can contribute to infection 

risk, such as with the lymphodepleting drug fludarabine, which can cause prolonged 

lymphocyte dysfunction, or T-cell depleting antibodies like alemtuzumab, which are 

sometimes used during conditioning for allogeneic HSCT. Conditioning regimens (62–64) 

for CAR T-cell therapy typically include moderate doses of chemotherapy 

(cyclophosphamide and fludarabine), which cause lymphodepletion; normal cellular 

immunity may not recover for years, while myeloid recovery usually occurs within a week 

(Figure 1). However, some patients experience cytopenia that is unresolved even 28 days 

post-treatment. Growth-factor support is usually not initiated until the time window of 

greatest risk from CRS and ICANS has passed, or the patient recovers from CRS and 

ICANS (56, 65). Therefore, the first 28 days following treatment is when infections are most 

likely to occur (61). Most infections occur within the first six days following treatment, but 

infections can continue to occur even up to 21 months after treatment if the patient has 

prolonged cytopenias (Figure 1) (66). As with HSCT, early infections (developing within 28 

days post-HSCT) tend to be bacterial, while late infections are typically caused by viruses 

(11, 61). The risk of fungal infection in CAR T-cell–treated patients has not been definitively 

assessed; guidelines in development suggest antifungal coverage for the first month post-

infusion, which can be continued if cytopenias persist, as per standard-of-care.

Immunosuppression-related infections can also occur as a result of management strategies 

for CRS and ICANS. These syndromes are treated with high-dose corticosteroids and/or 

tocilizumab to suppress the amplified inflammation. The risks of corticosteroids are well-

known to the clinical community, and rapid tapering is advised and instituted whenever 

possible. Although tocilizumab may effectively mask fevers, the incidence of severe 

infections related to tocilizumab use in CAR T-cell–treated patients has not been well-
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studied. In the rheumatologic literature, chronic tocilizumab use is associated with infection 

risk (10, 11). Although most CAR T-cell–treated patients who receive tocilizumab do so 

only once or twice in the 1–2 weeks following CAR T-cell therapy, the overall need to 

manage CRS is associated with increased infection risk. As in other patients, intensive care 

unit care that includes central venous and Foley catheters while managing CRS can further 

increase infection risk (58, 67).

In addition to targeting cancer cells, CD19 CAR T-cells can also deplete normal B-cells, 

resulting in varying degrees and durations of B-cell aplasia and hypogammaglobulinemia. 

This can also occur before CAR T-cell treatment, as a result of prior treatments, and can be 

exacerbated by CAR T-cell treatment. Due to expansion and persistence of CAR T-cells, 

hypogammaglobulinemia can persist for years. In one study, 67% of patients had 

hypogammaglobulinemia beyond 90 days post-treatment, although 43% had 

hypogammaglobulinemia before CAR T-cell infusion (66). These patients are likely 

susceptible to infections, particularly sino-pulmonary infections, as evident by infections 

occurring late in the course of treatment. In the same study, 61% of patients had at least one 

infection beyond 90 days after the first CAR T-cell treatment (66). Although hepatitis B 

reactivation has not been reported to occur clinically, this is likely because hepatitis 

serologies are routinely measured prior to CAR T-cell treatment and anti-viral prophylaxis is 

given with the same rationale as was developed for rituximab.

In summary, despite the risk of infection associated with CAR T-cell treatment, much of the 

risk is attributable to the history of hematologic malignancy and its prior treatments, and 

most infections are managed according to standard-of-care. In the first month after CAR T-

cell infusion, the underlying malignancy, conditioning chemotherapy, and CRS and ICANS 

may all result in increased risk of serious infections, which are treated early and 

aggressively, even in the absence of confirmatory diagnosis (Figure 1). The long-term profile 

of CAR T-cell therapy suggests this is safe, though measurements of B-cell recovery and/or 

gamma globulins may aid in managing long-term infection risk with immunoglobulin 

replacement therapy. Replacement gamma globulin is routine in children with acute 

lymphoblastic leukemia and treated with CAR T-cell therapy, but may be reserved only for 

patients with recurrent sino-pulmonary infections in adults with lymphoma and ongoing 

hypogammaglobulinemia. The American Society of Transplantation and Cellular Therapy 

has established guidelines for grading toxicities (68), and management guidelines, including 

infection prophylaxis, are in development.

Conclusion

The use of novel biological and cellular therapies for neoplastic and autoimmune diseases 

results in complex iatrogenic immunodeficiency states and heightened risk for infections. 

Increased awareness, improved reporting and surveillance of infections in clinical trials, and 

research to understand the epidemiology and pathogenesis of infections associated with 

novel biological and cellular therapies should help clinicians develop better approaches for 

diagnosis, vaccination, prophylaxis and treatment for such infections.
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Key points

• The introduction in clinical practice of novel biological (Mabs, Nibs) and 

cellular therapies (CAR T-cells) has transformed the management of patients 

with several malignant and autoimmune diseases.

• Some of these therapies induce complex iatrogenic immunodeficiency states 

and heighten the risk for certain infections.

• Awareness among clinicians and a better understanding of the epidemiology 

and pathogenesis of infections associated with novel biological and cellular 

therapies should help design improved strategies for vaccination, diagnosis, 

prophylaxis and treatment.
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Figure 1. Schematic timeline of infection and inflammatory complications associated with CAR 
T-cell therapy.
CAR T-cell therapy can be broken down into three phases: the week prior to infusion, when 

a preparative chemotherapy regimen is administered to achieve lymphodepletion prior to 

CAR T-cell infusion, which is known as Day 0. Not all protocols use chemotherapy, but 

many cancer protocols incorporate cyclophosphamide and fludarabine administered over 3–

5 days, followed by a rest period of 1–2 days. During the first 2 weeks after CAR T-cell 

infusion, there is elevated risk of cytokine release syndrome (CRS) and immune-effector-cell 

associated neurotoxicity syndrome (ICANS), and this often coincides with the nadir of blood 

counts from the preparative regimen. Day 28 from CAR T-cell infusion usually marks a 

restaging evaluation and most (but not all) patients have achieved hematologic recovery. 

Host immunity is impaired during this period, and increased susceptibility to bacterial, viral, 

fungal and opportunistic infections can be see as a function of neutrophil decline (for 

bacteria and fungi) and T-cell and B-cell dysfunction, which can be multifactorial from prior 

therapies and the CAR T-cell target.
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Table 1.

Monoclonal antibodies presented in the current review and their associated infection complications.

Mab Target Main FDA-approved indications Relative risk for 
infection

Predominant infection susceptibility

Infliximab
Adalimumab

Etanercept*

TNF-α Psoriasis, rheumatoid arthritis, 
ankylosing spondylitis, 
inflammatory bowel disease

High Mycobacterial infections (including 
disseminated TB) > endemic fungal 
infections

Tocilizumab IL-6 receptor Rheumatoid arthritis, CRS during 
CAR T-cell therapy

Low (short-term 
exposures)
Intermediate 
(prolonged 
administration)

Bacterial infections

Brodalumab
Ixekizumab
Secukinumab
Bimekizumab
Ustekinumab
Risankizumab
Tildrakizumab
Guselkumab

IL-17RA
IL-17A
IL-17A
IL-17A/F
IL-12p40
IL-23p19
IL-23p19
IL-23p19

Psoriasis, inflammatory bowel 
disease

Low Mucosal candidiasis (2–4%)

Emapalumab IFN-γ Hemophagocytic 
lymphohistiocytosis

High Viral > bacterial > fungal infections 
(overall frequency, 32%)

Alemtuzumab CD52 Chronic lymphocytic leukemia, 
multiple sclerosis

High Herpetic infections, bacterial pneumonia, 
CMV reactivation in SOT recipients 
(common) > mucosal candidiasis and 
other AIDS-defining opportunistic 
infections

Basiliximab CD20 Prophylaxis against organ rejection 
during kidney transplantation

Intermediate Bacterial infections, CMV reactivation

Rituximab CD20 Chronic lymphocytic leukemia, 
lymphomas, rheumatoid arthritis

High Bacterial and viral infections (common); 
hepatitis B reactivation (common in 
HBsAg positive or HBsAg negative/anti-
HBc positive individuals); PML 
(~1:40,000)

Daratumumab CD38 Multiple myeloma High Bacterial and viral infections

Natalizumab α4 integrin Multiple sclerosis, inflammatory 
bowel disease

Intermediate PML (~1:250)

Eculizumab C5a Hemolytic syndromes HIgh Meningococcal infections, pneumococcal 
infections; Haemophilus infections 
(common); invasive fungal disease (in 
patients with additional risk factors)

Pembrolizumab PD-1 Several malignancies Low TB

*
etanercept is a soluble TNF-α receptor, listed here together with the TNF- α targeting Mabs.

Mab, monoclonal antibody; CAR, chimeric antigen receptor; CRS, cytokine release syndrome, CMV, cytomegalovirus; SOT, solid organ 
transplantation; TB, tuberculosis, PML, progressive multifocal leukoencephalopathy.
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Table 2.

Small molecule kinase inhibitors presented in the current review and their associated infection complications.

Small molecule 
kinase inhibitor

Target Main FDA-approved indications Relative risk 
for infection

Predominant infection susceptibility

Ruxolitinib
Tofacitinib
Baricitinib

JAK1
JAK2
JAK3

Myelofibrosis, polycythemia vera, 
rheumatoid arthritis, inflammatory 
bowel disease, graft-versus-host 
disease

HIgh Herpetic infections (common) > CMV 
disease, other opportunistic infections 
(mycobacteria, endemic fungi, aspergillosis)

Ibrutinib BTK Chronic lymphocytic leukemia, 
lymphomas, Waldenstrom
macroglobulinemia, graft-versus-
host disease

Intermediate Bacterial infections (~5%); invasive fungal 
disease (~2–4% as monotherapy; 5–11% 
when combined with corticosteroids; >20% 
when combined with corticosteroids and 
chemotherapy); viral infections (~1%)

Dasatinib BCR-ABL Chronic myelogenous leukemia High Bacterial infections, CMV disease (HSCT), 
hepatitis B reactivation, Pneumocystis 
pneumonia

Idelalisib PI3K 
(p100δ)

Chronic lymphocytic leukemia, 
lymphomas

High CMV infection, Pneumocystis pneumonia

Fostamatinib SYK Immune thrombocytopenia Unknown Mucocutaneous fungal infections

CMV, cytomegalovirus; HSCT, hematopoietic stem cell transplantation
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