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Key Messages

¢ Biologic immunomodulatory medications have rapidly expanded in the previous decades and are approved for a wide variety of condi-
tions, necessitating that providers familiarize themselves with their indications and individual risks and adverse effects.

¢ Biologic medications target different pathways in the immune system and can impair host defense mechanisms, causing potential second-
ary immunodeficiency and increased risk of infection. The infectious risks and typical pathogens differ depending on the specific agent
and its mechanism of action.

o Infectious risks with biologic medications can be mitigated by a comprehensive examination before therapy initiation and should include a
thorough history of existing comorbid medical conditions, history of infections, screening for appropriate infections, assessment of risk for
future infection, review of vaccination history, and optimizing immunization status.

* Treatment of secondary immunodeficiency and infections because of biologic medications may include timely antimicrobial therapy, anti-
microbial prophylaxis, and possibly immunoglobulin replacement when indicated.

ARTICLE INFO ABSTRACT
ArtiCl_e history: o Biologic immunomodulatory medications have rapidly expanded in the previous decades, providing new treat-
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o Biologic therapies alter immune function and can impair key host defense mechanisms, resulting in secondary
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immunodeficiency and increased infectious risks. Biologic medications can increase general risk for upper respi-
ratory tract infections but can also be associated with unique infectious risks owing to distinct mechanisms of
action. With the widespread use of these medications, providers in every area of medicine will likely care for
individuals receiving biologic therapies and understanding their potential infectious complications can help mit-
igate these risks. This practical review discusses the infectious implications of biologics by class of medication
and provides recommendations regarding the examination and screening both before therapy initiation and
while the patient is receiving the medication. With this knowledge and background, providers can reduce risk
whereas patients receive the treatment benefits of these biologic medications.

© 2023 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Address correspondence to: Eveline Y. Wu, MD, MSCR, University of North Carolina at Funding: Dr Wu's work was supported by the National Center for Advancing Transla-
Chapel Hill, 030 MacNider Hall, CB #7231 Chapel Hill, NC 27599-7231 E-mail: tional Sciences, National Institutes of Health, through Grant KL2TR002490. The content
eywu@email.unc.edu. is solely the responsibility of the authors and does not necessarily represent the official
Disclosures: Dr Cannon receives research support from Janssen. Dr Wu receives con- views of the NIH.

sulting and advisory board fees from Pharming Healthcare, Inc and receives or has
received research support from Janssen and AstraZeneca.

https://doi.org/10.1016/j.anai.2023.02.010
1081-1206/© 2023 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 16,
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.anai.2023.02.010&domain=pdf
mailto:eywu@email.unc.edu
https://doi.org/10.1016/j.anai.2023.02.010
http://dx.doi.org/10.1016/j.anai.2023.02.010
http://www.ScienceDirect.com

L. Cannon et al. / Ann Allergy Asthma Immunol 130 (2023) 718-726 719

Introduction

Biologic immunomodulatory medications, defined here as mono-
clonal antibodies (mAbs) and fusion proteins, have advanced the
treatment landscape of many oncologic, allergic, rheumatologic, and
neurologic conditions. For immunologists, biologic modifiers have
allowed precision medicine-based therapy for the growing number
of monogenic primary immune dysregulation disorders.! The num-
ber of biologics has rapidly expanded in the last 2 decades and con-
tinues to multiply, with more than 70 mAbs used in clinical practice.’
Providers in every specialty will likely encounter and care for patients
receiving biologic medications.

The overarching goal of biologic therapies is to restore balance
between pro- and anti-inflammatory responses of the immune sys-
tem. An overabundance of proinflammatory response with loss of
self-tolerance can result in autoimmune disease, whereas too much
anti-inflammatory response will lead to infectious and neoplastic
complications. Biologic medications typically work in 3 different
ways: (1) soluble receptor antagonism acting as decoy receptors
inhibiting free cytokines, (2) cell surface receptor antagonist prevent-
ing cytokine-mediated receptor activation, and (3) through a combi-
nation of soluble cytokine and bound receptor inhibition.

Given that biologics target several cytokines and cellular interac-
tions within the immune system and can impair important host
defense functions (Figs 1 and 2), secondary immunodeficiency and
increased infectious risk are important considerations. Providers
should be aware of the general and unique infectious risks and pre-
ventative measures for the different biologics. In this study, we aim
to provide for the clinician a practical review of the more widely used
biologic medications, including their mechanism of action, indication
for use, infectious implications, and recommendations for monitoring
and screening for infectious complications.
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Tumor necrosis factor-a Inhibitors

Tumor necrosis factor-a (TNF-a) is a potent proinflammatory
cytokine of innate immunity and is involved in the pathophysiology
of a myriad of inflammatory conditions. Tumor necrosis factor-o
inhibitors (TNFi) were among the first biologics used to treat autoim-
mune disorders, and include mAbs adalimumab, golimumab, inflixi-
mab, and certolizumab and the soluble TNF-receptor etanercept
(Fig 1, Table 1). Tumor necrosis factor-a inhibitors are currently
approved for treating a range of autoimmune diseases including
rheumatoid arthritis (RA), polyarticular juvenile idiopathic arthritis
(JIA), inflammatory bowel disease (IBD), psoriasis, psoriatic arthritis
(PsA), ankylosing spondylitis, hidradenitis suppurativa, and uveitis.®
~8 Although TNFi are highly effective and have revolutionized treat-
ment of many autoimmune conditions, leading to improved out-
comes, infectious risks are a significant consideration.>*'° Many
factors contribute to an individual’s risk, including age, comorbid
medical conditions, and use of adjunctive immunosuppressive thera-
pies. 9-11

Overall infectious risk is different among TNFi, with the highest
risk associated with infliximab, followed by adalimumab, and the
lowest risk with etanercept.'>'>!3 Given the key and pleiotropic
role of TNF-« in host defense, its inhibition can increase risk for com-
mon viral and bacterial infections and to a lesser extent, opportunis-
tic fungal and rare parasitic infections.!! A French national registry
found that 40% of infections were viral; 33% were bacterial; 22% were
fungal, and the remaining 4% were parasitic in patients receiving
TNFi.'* Herpes simplex virus (HSV), hepatitis B virus (HBV), and vari-
cella zoster virus reactivation have been reported and are important
considerations when administering TNFi.'*>'® Hepatitis B virus reacti-
vation rates in patients positive for HB surface antigen (HBsAg) are
higher with the mAb (12%-39%) than with etanercept (1%-5%).!”
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Figure 1. Overview of cytokine-targeting and anti-immunoglobulin E biologic immunomodulatory therapies.
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Figure 2. Biologic immunomodulatory therapies targeting key T-cell and B-cell receptors and molecules.

Tumor necrosis factor-activated macrophages are critical in phagocy-
tosing and killing mycobacteria and controlling granuloma formation
and maintenance.'® Reactivation of latent tuberculosis infection
(LTBI) is therefore a well-known concern with TNFi, with the greatest
risk occurring with infliximab. One meta-analysis determined the
absolute rate of tuberculosis (TB) infection in patients with RA treated
with infliximab was 0.7%.'%'° Tumor necrosis factor-a also enhances
neutrophil fungicidal activity, and invasive fungal infections have
been observed with TNFi use, including Histoplasma, Candida, Pneu-
mocystis, Aspergillus, and Cryptococcus.°

Given the infectious risk profile of TNFi, clinicians need to perform
screening before starting treatment. A thorough history should be
performed and include vaccination status and special attention for TB
exposure and chronic viral infections.?! Testing for TB, HBV, hepatitis
C virus (HCV), varicella zoster virus, and human immunodeficiency
virus should be completed before therapy initiation. Prophylactic
anti-HBV therapy is recommended for patients with higher risk of
reactivation. Patients treated specifically for IBD may also need stool
testing for Clostridiodes difficile and Strongyloides if in a high preva-
lence area.?? The need for routine vaccinations should be reviewed,
and all recommended vaccinations based on age and immune status
ideally administered before treatment. Vaccine responses may be
weakened, and live-attenuated vaccines are typically avoided with
TNFi. If disease activity allows, TNFi therapy should be held 1 dosing
interval before and 4 weeks after live-attenuated vaccine
administration.”®

Although TNFi have drastically improved the outcomes of patients
with several inflammatory conditions, they are not without modest
infectious risks. Patients should undergo a thorough infectious his-
tory, individualized screening for infection, and optimization of
immunization status before therapy initiation. Because of the mani-
fest effectiveness of TNFi in many inflammatory conditions, however,
the benefit of TNFi therapy outweighs the risk when measures are
taken to mitigate infectious complications.

Interleukin-1 Inhibitors

The interleukin (IL)-1 pathway is a crucial part of the response of
the innate immune system to infection, and dysregulated IL-1 activity
also plays a role in autoinflammatory conditions. Three agents that
block the IL-1 pathway are anakinra, canakinumab, and rilonacept
(Fig 1, Table 1).%** Anakinra is approved for treatment of RA, neona-
tal-onset multisystemic inflammatory disease, and deficiency of IL-1
receptor antagonist. Canakinumab is approved for treatment of sys-
temic JIA, adult-onset Still's disease, and several periodic fever

syndromes: cryopyrin-associated periodic syndromes, familial Medi-
terranean fever, hyperimmunoglobulin D syndrome or mevalonate
kinase deficiency, and TNF-receptor associated periodic syndrome.
Rilonacept is currently approved for cryopyrin-associated periodic
syndromes, deficiency of IL-1 receptor antagonist, and recurrent peri-
carditis.

Studies in patients being treated with IL-1 inhibitors have over-
all been favorable and reassuring from an infectious perspective. In
1 large study in patients with RA treated with anakinra, infections
occurred in 12% of the placebo-treated group compared with 15%
to 17% of those receiving anakinra, with mild respiratory infections
being most common.?® Similarly, in studies in anakinra and cana-
kinumab in which patients also received concomitant immunosup-
pression, infections were most commonly upper respiratory tract
infections (URTI), with severe infections occurring less fre-
quently.?672°

Given a potential risk and case reports of TB reactivation with IL-1
inhibition, providers should consider screening for LTBI before start-
ing therapy.’® Patients should be up to date on all nonlive vaccina-
tions according to age.?'**? Avoiding live vaccinations while receiving
IL-1 inhibitors is recommended, so ensuring an individual is up to
date before therapy initiation, if disease activity allows, would be
ideal.*®

Overall infectious risk is low with IL-1 inhibitors, and respira-
tory infections are the most observed infectious complication.
Although overall risk is considered minimal, individuals should be
examined for their own particular factors such as diabetes, under-
lying lung disease, or treatment with additional immunosuppres-
sion that may increase risk for more serious complications>®2%34
and will also help individualize screening and medication
monitoring.

Interleukin-6 Inhibitors

Interleukin-6 is critically important to both innate and adaptive
immune responses and is implicated in several different acute and
chronic inflammatory processes. Given its multifaceted role in the
immune system, IL-6 inhibition has been used to treat several differ-
ent systemic rheumatic inflammatory conditions.>*>. Approved IL-6
pathway inhibitors include tocilizumab and sarilumab, mAbs against
the IL-6 receptor, and siltuximab, an mAb against the IL-6 cytokine
(Fig 1, Table 1). Tocilizumab is approved for RA resistant to first-line
disease-modifying antirheumatic drugs, giant cell arteritis, polyartic-
ular and systemic JIA, and cytokine release syndrome from chimeric
antigen receptor-T cell therapy. Sarilumab is approved for RA
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Class of biologic Reference Food and Drug Administration-approved Unique infections Recommended screening before initiation
product indications considerations
brand name
TNF inhibitors
Adalimumab Humira RA, pJIA, Crohn'’s disease, UC, psoriasis, PsA, AS, Reactivation of LTBI Testing for TB, HBV, HCV, VZV, and HIV
uveitis, hidradenitis suppurativa Reactivation of viral Consider stool testing for Clostridiodes difficile
Certolizumab Cimzia RA, Crohn’s disease, psoriasis, PsA, AS hepatitis and Strongyloides in patients with IBD
Etanercept Enbrel RA, pJIA, psoriasis, PsA, AS Less commonly fungal Review vaccination history and provide non-
Golimumab Aria, Simponi RA, pJIA, PsA, AS, UC infection live vaccinations
Infliximab Remicade
IL-1 Inhibitors
Anakinra Kineret RA, NOMID, DIRA Mild upper respiratory  Consider testing for TB
tract viral infections Review vaccination history and provide non-
Canakinumab Ilaris Systemic JIA, AOSD, CAPS, FMF, HIDS/MKD, TRAPS live vaccinations
Rilonacept Arcalyst DIRA, recurrent pericarditis
IL-6 Inhibitors
Tocilizumab Actemra RA, giant cell arteritis, pJIA, systemic JIA Upper respiratory tract ~ Consider testing for TB and HBV
Sarilumab Kevzara RA viral infections Review vaccination history and provide non-
Siltuximab Sylvant Castleman'’s disease Bacterial skin live vaccinations
infections
IL-12/IL-23 Inhibitors
Risankizumab Skyrizi Crohn’s disease, psoriasis, PSA Upper respiratory tract  Testing for TB and HBV
Tildrakizumab llumya Psoriasis viral infections and Review vaccination history and provide non-
Guselkumab Tremfya Psoriasis, PSA nasopharyngitis live vaccinations
Ustekinumab Stelara Crohn'’s disease, UC, psoriasis, PsA Monitor for Candida
infections
IL-17 Inhibitors
Secukinumab Cosentyx Psoriasis, PsA, AS, ERA Upper respiratory tract ~ Testing for TB
Ixekizumab Taltz Psoriasis, PsA, AS viral infections Consider antifungal prophylaxis for patients
Brodalumab Siliq Psoriasis Increased risk of Can- with chronic candidiasis
dida infections Review vaccination history and provide non-
live vaccinations
IL-4/IL-13 Inhibitors
Dupilumab Dupixent Atopic dermatitis, asthma, CRSWNP, EoE, PN Potential increased risk ~ Examine and treat for parasitic infections
for parasitic infections Review vaccination history and provide non-
live vaccinations
IL-5 Inhibitors
Mepolizumab Nucala CRSWNP, EGPA, HES, severe asthma with eosino-  Potential increased risk ~ Examine and treat for parasitic infections
philic phenotype for parasitic infections Review vaccination history and provide non-
Reslizumab Cingair Severe asthma with eosinophilic phenotype live vaccinations
Benralizumab Fasenra Severe asthma with eosinophilic phenotype
Anti-IgE Therapy
Omalizumab Xolair Moderate-to-severe persistent asthma, CSU, Potential increased risk ~ Examine and treat for parasitic infections

nasal polyps

for parasitic infections

Review vaccination history and provide non-
live vaccinations

Abbreviations: AOSD, adult-onset Still’s disease; AS, ankylosing spondylitis; CAPS, cryopyrin-associated periodic syndromes; CRSWNP, chronic rhinosinusitis with nasal polyposis;
CSU, chronic spontaneous urticaria; DIRA, deficiency of interleukin-1 receptor antagonist; EGPA, eosinophilic granulomatosis with polyangiitis; EoE, eosinophilic esophagitis; ERA,
enthesitis related arthritis; FDA, food and drug administration; FMF, familial Mediterranean fever; HBV, hepatitis B virus; HCV, hepatitis C virus; HES, hypereosinophilic syndrome;
HIDS, hyperimmunoglobulin D syndrome; HIV, human immunodeficiency virus; IBD, inflammatory bowel disease; IL, interleukin; JIA, juvenile idiopathic arthritis; MKD, mevalonate
kinase deficiency; NOMID, neonatal-onset multisystemic inflammatory disease; pJIA, polyarticular juvenile idiopathic arthritis; PN, prurigo nodularis; PsA, psoriatic arthritis; RA,

rheumatoid arthritis; TB, tuberculosis; TNF, tumor necrosis factor; TRAPS, tumor necrosis factor receptor associated periodic syndrome; UC, ulcerative colitis; VZV, varicella zoster

virus.

resistant to disease-modifying antirheumatic drugs, and siltuximab
for multicentric Castleman'’s disease.

Understanding of the infectious complications of IL-6 inhibitors is
largely derived from studies with tocilizumab, in which most infec-
tions reported are skin and URTIs, without reported cases of TB.*®
Although fewer, studies with sarilumab and siltuximab have revealed
similar findings, with upper respiratory infection being most com-
monly observed.?”® Those receiving tocilizumab had a higher risk of
serious bacterial infection and skin and soft tissue infection than did
patients with RA being treated with TNFi, but there was no difference
for infections requiring hospitalization.>® In contrast to some of the
other mAb agents, reactiviating LTBI has not been associated with
tocilizumab, and reactivation of viral hepatitis has also not been con-
sistently associated with IL-6 inhibition.%*°

Skin and respiratory infections are most observed with IL-6 inhib-
itors, so providers should pay particular attention to these organ sys-
tems before initiating therapy, and appropriate counseling should be
provided to patients. Providers may have a lower threshold to initiate

antimicrobial therapy for presumed bacterial pneumonia or cellulitis
in patients receiving IL-6 inhibitors. Vaccination history should be
reviewed to confirm the patient is up to date on all nonlive vaccina-
tions according to age.*'*? Live vaccines should not be adminis-
tered.?> Some groups do advocate screening for TB and HBV in all
patients, but providers may decide to take an individualized
approach on the basis of both being rarely observed in studies.*’ In
summary, IL-6 inhibitors have advanced treatment of numerous
inflammatory conditions, but they are not without infectious risk,
specifically respiratory and skin infections, requiring thorough
screening and vigilant monitoring to diminish likelihood of complica-
tions.

Interleukin-12/Interleukin-23 Inhibitors

The IL-12 and IL-23 cytokines play a key role in T-cell differentia-
tion and are important drivers in autoimmunity. Currently, 3 agents
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selectively block IL-23, and 1 blocks both IL-12 and IL-23 (Fig 1,
Table 1). Risankizumab, tildrakizumab, and guselkumab are mAbs
targeting the P19 subunit of IL-23 and are indicated in moderate-to-
severe plaque psoriasis. Ustekinumab is a human immunoglobulin
(Ig) G1 mAD targeting the P40 subunit of both IL-12 and IL-23 and is
indicated for moderate-to-severe plaque psoriasis, active PsA, and
treatment-resistant Crohn’s disease.?

Because the IL-12/23 pathways are involved in T- and natural
killer-cell activation, it is plausible that IL-12/23 inhibition can
increase infection risk, particularly from intracellular pathogens.
Recent trials have shown that nasopharyngitis and URTIs are the
most common infections with IL-12/23 inhibitor therapy.*? Trials of
guselkumab in patients with psoriasis, however, showed comparable
low rates of nasopharyngitis and URTIs with those of groups receiv-
ing adalimumab and placebo.**~#> Additional studies support mini-
mal risk of intracellular pathogen and viral infections with IL-12/23
inhibitors.

Patients treated with IL-23 inhibitors do not have increased risk of
TB and have low rates of TB reactivation.”*” In a pooled study
assessing the safety of guselkumab and anti-TB treatment, no cases of
active TB including reactivation of LTBI were reported in patients
with or without LTBI treated for up to 2 years.***° A few cases of HBV
reactivation in patients who are HBsAg positive and have herpes zos-
ter infection have been reported, but these have not been shown in
large clinical trials.”°

Inhibition of IL-23 also results in indirect inhibition of IL-17. Inter-
leukin-17 is important in immune defense against fungal and extra-
cellular bacterial infections. Consequently, some studies report an
increased incidence of mucocutaneous Candida infections with uste-
kinumab at 2.3%. The risk of mucocutaneous Candida infections, how-
ever, seems to be lower with ustekinumab than with direct IL-17
inhibitors.”'>?

In conclusion, the data for IL-12/IL-23 inhibitors suggest an
increased risk of URTIs. Although the risk of TB and HBV reactivation
seems low, it is recommended to screen for latent and active TB
before therapy initiation, and antiviral prophylaxis is recommended
in patients who are HBsAg positive, respectively.? If possible, routine
vaccinations should also be completed before starting therapy.

Interleukin-17 Inhibitors

Interleukin-17 is a proinflammatory cytokine produced mainly by
CD4+ T helper 17 (Ty17) cells and is essential in defense against bac-
teria and fungi by phagocytic cell recruitment and activation. T helper
17 cells and IL-17 also play a key role in the pathogenesis of several
autoimmune diseases. Secukinumab and ixekizumab are anti-17A
mADs, and brodalumab is an anti-IL17 receptor mAb (Fig 1, Table 1).
Interleukin-17 inhibitors are currently approved to treat plaque pso-
riasis, PsA, and ankylosing spondylitis.

Given the role of the IL-17 pathway in antifungal immunity, IL-17
inhibitor therapy is, not surprisingly, associated with an increased
risk of mild candidiasis infection.>>> Similarly to primary immunode-
ficiencies with impaired Ty17-mediated immunity, IL-17 inhibitors
are associated with an increased susceptibility to chronic mucocuta-
neous candidiasis.’* Consistent with previous studies, a recent global
real-world observational study found a strong association between
IL-17 inhibitors and cutaneous, oropharyngeal, and esophageal can-
didiasis. Incidence rates were 4% to 6.5% for brodalumab, 1.7% to 4.7%
for secukinumab, and 3.3% for ixekizumab. The risk of Candida infec-
tion was 4- to 10-fold higher in patients treated with IL-17 inhibitors
than in patients treated with TNFi. The Candida infections, however,
were successfully treated with antifungals and did not lead to ther-
apy discontinuation, resistant candidiasis, or increased morbidity.”!

Interleukin-17 inhibitors are generally considered safe in patients
with LTBL*” A pooled cohort study in more than 12,000 patients

treated with secukinumab for 5 years reported 13 patients (0.1%)
with LTBI as an adverse effect. Of those 13 patients, 6 had previous
positive LTBI, and 7 were new findings. No active TB cases were
reported. These results suggest that new LTBI is rare during long-
term secukinumab treatment.”>® Secukinumab has very rarely been
associated with opportunistic infections such as herpes zoster, toxo-
plasmosis, and Mycobacterium avium complex infections.>® Similarly
to other biologic agents, 2 large studies showed an increased risk of
URTIs with IL-17 inhibitors.>”®

In summary, patients treated with IL-17 inhibitors are at
increased risk of Candida infections compared with other biologic
agents. The risk of other infections, including URTIs and opportunistic
infections, however, is similar to that of other classes. Before therapy
initiation, screening for latent and active TB is recommended. In addi-
tion, patients should be screened and treated for mucocutaneous can-
didiasis before and during IL-17 inhibitor therapy. Antifungal
prophylaxis can be considered in patients with recurrent or chronic
candidiasis. However, more studies are needed to identify potential
predisposing risk factors.>>!

Interleukin-4/Interleukin-13 and Interleukin-5 Inhibitors and Anti-
immunoglobulin E Therapy

Type 2 immune responses are critical for host defense against
parasitic infections and when dysregulated, can underpin allergic
inflammation. Type 2 cytokines include IL-4, IL-5, and IL-13,
which promote eosinophil recruitment and IgE production.
Dupilumab is an mAb that inhibits IL-4 and IL-13 signaling by tar-
geting the shared receptor subunit IL-4Ra (Fig 1, Table 1).5969
Mepolizumab, reslizumab, and benralizumab target the IL-5 path-
way, and omalizumab is an anti-IgE mAb (Fig 1, Table 1).59°
These medications are approved to treat a spectrum of atopic dis-
orders, including, but not limited to, atopic dermatitis, asthma,
chronic rhinitis with nasal polyposis, eosinophilic esophagitis,
chronic spontaneous urticaria, eosinophilic granulomatosis with
polyangiitis, and hypereosinophilic syndrome.>®

There is particular concern for an increased risk of parasitic
infection given the importance of type 2 immunity in defending
against parasitic infections. Although parasitic infections were
observed in 2.6% of pediatric patients receiving dupilumab in a
randomized controlled trial (RCT) for asthma, these infections
were mild, did not result in drug discontinuation, and were not
considered related to dupilumab by trial investigators.®! In addi-
tion, a meta-analysis of RCTs of dupilumab for atopic dermatitis
showed that the rate of overall infections was similar to that of
placebo.®?~%* Similarly, systematic reviews of RCTs for anti-IL-5
and anti-IgE therapies indicated no increased rate of adverse
effects compared with placebo.®® Most clinical trials were limited
in that they occurred in modern settings and excluded individuals
with parasitic infections. To better address the concern, an RCT of
omalizumab was conducted in subjects with asthma and allergic
rhinitis with a high risk of geohelminth infection.°® There was
slightly increased, but not statistically significant, risk for acquir-
ing a parasitic infection compared with placebo.®®

Previous studies have shown an increase rate of HSV exacerbation
with dupilumab. In a pooled data analysis of 7 RTCs of dupilumab in
atopic dermatitis, rates of HSV infections were slightly higher with
dupilumab and mostly because of oral herpes. Clinically important
infections like eczema herpeticum and zoster were less common
with dupilumab.®’

For agents targeting type 2 cytokines and IgE, safety has been
shown, and infectious complications are overall rare. There are lim-
ited data regarding the safety and efficacy of live vaccines with these
agents, but it is generally recommended to complete all age-appro-
priate vaccinations before initiating treatment and to avoid live
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vaccines during treatment. Although there is no robust evidence of
increased risk, examination and treatment for parasitic infections
should be considered before starting therapy. Patients with recurrent
HSV may also benefit from antiviral prophylaxis.

Anti—T-Lymphocyte Therapies

T-lymphocytes coordinate and regulate cell-mediated adaptive
immunity and are paramount in response to intracellular organisms
such as viruses, mycobacteria, and fungi.? Basiliximab is the 1 T-cell
—targeted therapy marketed as an immunosuppressive agent. Basi-
liximab prevents T-lymphocyte activation by antagonism of CD25,
the alpha subunit of the IL-2 receptor (Fig 2). Its only indication is for
induction therapy in patients who undergo renal transplant.’® The
infectious risk of basiliximab is difficult to fully ascertain because it is
typically used in conjunction with other immunomodulatory thera-
pies. Studies in renal and liver transplant have had favorable findings
when evaluating basiliximab vs placebo, with no increase in infection
rates after the addition of basiliximab.®*~"2

Abatacept is another T-lymphocyte therapy and is a fusion mole-
cule consisting of cytotoxic T-lymphocyte—associated antigen 4
(CTLA-4) and the Fc portion of IgG1. Abatacept prevents T-cell activa-
tion by blocking the costimulatory signal between antigen-present-
ing cells and T cells (Fig 2).”® It is approved for use in RA, PsA, and JIA.

Reported infections with abatacept are largely respiratory and
skin infections with common organisms. In 1 large meta-analysis, the
rate of infection with abatacept was 3% vs 1.9% in the placebo
group.”* In a cohort study comparing abatacept with other biologics,
there was no significant difference in risk of serious bacterial infec-
tion in the abatacept group compared with individuals receiving
other biologics.”> There are several reports of HBV reactivation in
individuals receiving abatacept.”®~’® Regarding TB, there seems to be
an exceptionally minimal risk of TB reactivation with abatacept
therapy.”8°

Given that basiliximab is not typically used as a single agent,
infection prevention strategies do not need to be altered with addi-
tion of basiliximab on the basis of the available evidence. Patients
starting or receiving abatacept should be counseled on general infec-
tion prevention strategies. Depending on the individual, HBV serolo-
gies should be considered. There are no data to support the need for
TB screening before abatacept initiation.”

Overall, the rates of viral, bacterial, or fungal infections have been
observed to be no different with basiliximab compared with placebo.
Abatacept is associated with low risk of infection, particularly skin or
respiratory tract infections. Providers should be aware of the poten-
tial for HBV reactivation in patients on abatacept and provide appro-
priate monitoring and counseling. Vaccination history should be
reviewed to optimize vaccinations before initiating therapy, and live
vaccinations should be avoided while on therapy.?*

Anti-B-Lymphocyte Therapies

B-lymphocytes are vital in adaptive immunity, with main func-
tions including Ig production, antigen presentation, and T-cell activa-
tion/regulation.” Given their broad functions, B-lymphocytes have a
key role in immune response to viral, bacterial, and fungal infections.
Anti—B-lymphocyte therapies include 6 mAbs. Rituximab, ocrelizu-
mab, ofatumumab, and obinutuzumab are mAbs directed against the
CD20 antigen (Fig 2). Inebilizumab works against CD19 found primar-
ily on B-cell precursors, and belimumab targets B-cell activating fac-
tor, which promotes the formation and survival of memory B cells
and plasma cells (Fig 2). These agents are primarily approved for the
treatment of several oncologic and autoimmune conditions.

The risks and type of infectious complications are similar across
this drug group except for belimumab. By neutralizing B-cell

activating factor, belimumab reduces B-cell differentiation and sur-
vival but does not fully deplete B-cell numbers. This may be a reason
belimumab has lower infectious risks than the B-cell depleting thera-
pies. The overall rates of serious infection reported with belimumab
are comparable with rates with placebo.'®? This contrasts with the
remaining agents in this group in which infectious risks are more sig-
nificant.

Of the B-lymphocyte targeting therapies, rituximab has been
studied the most in depth regarding infectious complications. Given
the similar target and mechanism of action, however, the infectious
risks are considered similar across agents. Reported risk does vary on
the basis of indication, with higher rates observed for treatment of
hematologic malignancy than of autoimmune disease, which is likely
because of higher cumulative dose and more concomitant immuno-
suppressive therapy.®>~° The indication for treatment will also likely
affect screening and monitoring.

Rituximab carries a Food and Drug Administration black box
warning for HBV reactivation. Hepatitis B virus reactivation occurs
less often in those with autoimmune disease being treated with rit-
uximab than in those with malignancy, with 1 long-term study in
3595 patients with RA not having a single case of HBV
reactivation.®®®” The rates of HBV reactivation vary greatly on the
basis of indication and concomitant immunosuppressive therapy. Rit-
uximab also has a Food and Drug Administration black box warning
for progressive multifocal leukoencephalopathy (PML). In 1 large
report of confirmed PML cases in patients who received rituximab,
reported occurrence was very low in patients with RA, with 2.56
cases per 100,000 with RA.28

Apart from viral infections and reactivation, bacterial infec-
tions are a concern in patients receiving anti—B-lymphocyte ther-
apies. Bacterial infections were the most common infectious
complication of patients treated with rituximab for malignancies,
with Escherichia coli and coagulase-negative staphylococci being
the 2 most common organisms.®® Other types of infections have
also been reported. Fungal infections are uncommon with rituxi-
mab, although Pneumocystis pneumonia has been reported in case
reports and case series and other studies finding increased risk in
patients with lymphoma.?®~°? Unlike many other biologic agents,
TB is a rare complication.”

Hypogammaglobulinemia after B-cell depleting therapy may
include low IgG, IgM, and IgA levels. A subset of children and adults
develop secondary immunodeficiency and persistent hypogamma-
globulinemia and failure of B-cell recovery that can persist for years,
predisposing to serious infections and potentially requiring Ig
replacement.®® One large study in children and young adults receiv-
ing rituximab revealed 13% with low IgG levels, and 33% had persis-
tently low IgM levels 1 year after stopping rituximab.?® Possible risk
factors for developing persistent or symptomatic hypogammaglobu-
linemia include low Ig levels at baseline, cumulative dose, and con-
comitant immunosuppression.?®9’

Before initiation of therapy, screening for HBV infection, given the
risk of reactivation, and screening for HCV infection are recom-
mended. This can guide the need for any vaccinations or whether
antiviral therapy is indicated. Routine vaccinations should be up to
date before starting therapy, ideally giving vaccinations several
weeks before therapy initiation. Live vaccinations are contraindicated
while receiving anti—B-lymphocyte therapies.”> Immunoglobulin
levels and B-cell numbers should be monitored before, during, and
after treatment.

Although anti—B-lymphocyte agents are effective for several
oncologic and autoimmune conditions, they are associated with sec-
ondary immunodeficiency, including persistent hypogammaglobuli-
nemia and increased infectious risk including bacterial infection, viral
hepatitis reactivation, and PML. Providers must be vigilant about the
patient’s individual risk factors, with close monitoring while patients
are receiving this therapy.
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Conclusion

Biologic immunomodulatory therapies have contributed to a par-
adigm shift and revolutionized the treatment of numerous inflamma-
tory conditions over the preceding decades. Although their
therapeutic effectiveness is absolute, appropriate vigilance is neces-
sary owing to safety concerns with the potential for secondary immu-
nodeficiency and increased infectious risk. There is a general
increased infectious risk in addition to specific risk profiles given the
unique mechanisms of action for the different classes. Although not
covered in this review, another area of rapid growth is small mole-
cule inhibition including janus kinase inhibitors and proteasome
inhibitors, each with their own unique infectious risk profiles.”°° As
immunomodulatory therapies continue to expand, providers caring
for patients receiving biologic and other immunomodulatory medica-
tions should familiarize themselves with the associated risks and the
recommended or required screenings before use. Other individual
risk factors such as concomitant immunosuppressive therapy, age,
and comorbid medical conditions should also be factored into deter-
mination of risk and screening. Ultimately, the benefit of these thera-
pies must be weighed with each agent’s risk profile. With
appropriate screening and monitoring, these risks can be mitigated,
and patients can safely and effectively receive biologic agents.

References

1. Leiding JW, Ballow M. Precision medicine in the treatment of primary immunode-
ficiency diseases. Curr Opin Allergy Clin Immunol. 2018;18(2):159-166.

2. Davis JS, Ferreira D, Paige E, Gedye C, Boyle M. Infectious complications of biologi-
cal and small molecule targeted immunomodulatory therapies. Clin Microbiol Rev.
2020;33(3). e00035-19.

3. Aaltonen K]J, Virkki LM, Malmivaara A, Konttinen YT, Nordstrom DC, Blom M. Sys-
tematic review and meta-analysis of the efficacy and safety of existing TNF block-
ing agents in treatment of rheumatoid arthritis. PLoS One. 2012;7(1):e30275.

4, Lemos LL, de Oliveira Costa ], Almeida AM, HO Junior, Barbosa MM, Kakehasi AM,
et al. Treatment of psoriatic arthritis with anti-TNF agents: a systematic review
and meta-analysis of efficacy, effectiveness and safety. Rheumatol Int. 2014;34
(10):1345-1360.

5. Moots RJ, Curiale C, Petersel D, Rolland C, Jones H, Mysler E. Efficacy and safety
outcomes for originator TNF inhibitors and biosimilars in rheumatoid arthritis and
psoriasis trials: a systematic literature review. BioDrugs. 2018;32(3):193-199.

6. Arnott ID, Watts D, Satsangi ]. Azathioprine and anti-TNF alpha therapies in
Crohn’s disease: a review of pharmacology, clinical efficacy and safety. Pharmacol
Res. 2003;47(1):1-10.

7. Oussalah A, Danese S, Peyrin-Biroulet L. Efficacy of TNF antagonists beyond one
year in adult and pediatric inflammatory bowel diseases: a systematic review.
Curr Drug Targets. 2010;11(2):156-175.

8. Ford AC, Sandborn WJ, Khan K], Hanauer SB, Talley NJ, Moayyedi P. Efficacy of bio-
logical therapies in inflammatory bowel disease: systematic review and meta-
analysis. Am ] Gastroenterol. 2011;106(4):644-659.

9. Komano Y, Tanaka M, Nanki T, Koike R, Sakai R, Kameda H, et al. Incidence and risk
factors for serious infection in patients with rheumatoid arthritis treated with
tumor necrosis factor inhibitors: a report from the Registry of Japanese Rheuma-
toid Arthritis Patients for Longterm Safety. ] Rheumatol. 2011;38(7):1258-1264.

10. Singh JA, Wells GA, Christensen R, Tanjong Ghogomu E, Maxwell L, Macdonald JK,
et al. Adverse effects of biologics: a network meta-analysis and Cochrane over-
view. Cochrane Database Syst Rev. 2011;2011(2): Cd008794.

11. McConachie SM, Wilhelm SM, Bhargava A, Kale-Pradhan PB. Biologic-induced
infections in inflammatory bowel disease: the TNF-a antagonists. Ann Pharmac-
other.2018;52(6):571-579.

12. van Dartel SA, Fransen ], Kievit W, Flendrie M, den Broeder AA, Visser H, et al. Dif-
ference in the risk of serious infections in patients with rheumatoid arthritis
treated with adalimumab, infliximab and etanercept: results from the Dutch
Rheumatoid Arthritis Monitoring (DREAM) registry. Ann Rheum Dis. 2013;72
(6):895-900.

13. Murdaca G, Spano F, Contatore M, Guastalla A, Penza E, Magnani O, et al. Infection
risk associated with Anti-TNF-a agents: a review. Expert Opin Drug Saf. 2015;14
(4):571-582.

14. Salmon-Ceron D, Tubach F, Lortholary O, Chosidow O, Bretagne S, Nicolas N, et al.
Drug-specific risk of non-tuberculosis opportunistic infections in patients receiv-
ing anti-TNF therapy reported to the 3-year prospective French RATIO registry.
Ann Rheum Dis. 2011;70(4):616-623.

15. Checchin D, Buda A, Sgarabotto D, Sturniolo GC, D’ Inca R. Successful prophylaxis
with valaciclovir for relapsing HSV-1 in a girl treated with infliximab for moderate
Crohn'’s disease. Eur ] Gastroenterol Hepatol. 2009;21(9):1095-1096.

16. Bradford RD, Pettit AC, Wright PW, Mulligan MJ, Moreland LW, McLain DA, et al.
Herpes simplex encephalitis during treatment with tumor necrosis factor-alpha
inhibitors. Clin Infect Dis. 2009;49(6):924-927.

17. Loomba R, Liang TJ. Hepatitis B reactivation associated with immune suppressive
and biological modifier therapies: current concepts, management strategies, and
future directions. Gastroenterology.2017;152(6):1297-1309.

18. Ray JC, Flynn JL, Kirschner DE. Synergy between individual TNF-dependent func-
tions determines granuloma performance for controlling Mycobacterium tubercu-
losis infection. J Immunol. 2009;182(6):3706-3717.

19. Wang Q, Wen Z, Cao Q. Risk of tuberculosis during infliximab therapy for inflam-
matory bowel disease, rheumatoid arthritis, and spondyloarthropathy: a meta-
analysis. Exp Ther Med. 2016;12(3):1693-1704.

20. Tragiannidis A, Kyriakidis I, Ziindorf I, Groll AH. Invasive fungal infections in pedi-
atric patients treated with tumor necrosis alpha (TNF-a) inhibitors. Mycoses.
2017;60(4):222-229.

21. Nordgaard-Lassen I, Dahlerup JF, Belard E, Gerstoft J, Kjeldsen J, Kragballe K, et al.
Guidelines for screening, prophylaxis and critical information prior to initiating
anti-TNF-alpha treatment. Dan Med J. 2012;59(7):C4480.

22. Rahier JF, Magro F, Abreu C, Armuzzi A, Ben-Horin S, Chowers Y, et al. Second
European evidence-based consensus on the prevention, diagnosis and manage-
ment of opportunistic infections in inflammatory bowel disease. | Crohns Colitis.
2014;8(6):443-468.

23. Bass AR, Chakravarty E, Akl EA, Bingham CO, Calabrese L, Cappelli LC, et al. 2022
American College of Rheumatology guideline for vaccinations in patients with
rheumatic and musculoskeletal diseases [e-pub ahead of print]. Arthritis Care Res
(Hoboken). doi:10.1002/acr.25045. Accessed January 10, 2023.

24. Arnold DD, Yalamanoglu A, Boyman O. Systematic review of safety and efficacy of
IL-1-targeted biologics in treating immune-mediated disorders. Front Immunol.
2022;13: 888392.

25. Bresnihan B, Alvaro-Gracia JM, Cobby M, Doherty M, Domljan Z, Emery P, et al.
Treatment of rheumatoid arthritis with recombinant human interleukin-1 recep-
tor antagonist. Arthritis Rheum. 1998;41(12):2196-2204.

26. De Benedetti F, Gattorno M, Anton ], Ben-Chetrit E, Frenkel ], Hoffman HM, et al.
Canakinumab for the treatment of autoinflammatory recurrent fever syndromes.
N Engl ] Med. 2018;378(20):1908-1919.

27. Ruperto N, Brunner HI, Quartier P, Constantin T, Wulffraat NM, Horneff G, et al.
Canakinumab in patients with systemic juvenile idiopathic arthritis and active
systemic features: results from the 5-year long-term extension of the phase III piv-
otal trials. Ann Rheum Dis. 2018;77(12):1710-1719.

28. Fleischmann RM, Tesser ], Schiff MH, Schechtman |, Burmester GR, Bennett R, et al.
Safety of extended treatment with anakinra in patients with rheumatoid arthritis.
Ann Rheum Dis. 2006;65(8):1006-1012.

29. Kullenberg T, Lofqvist M, Leinonen M, Goldbach-Mansky R, Olivecrona H. Long-
term safety profile of anakinra in patients with severe cryopyrin-associated peri-
odic syndromes. Rheumatol (Oxf Engl). 2016;55(8):1499-1506.

30. Settas LD, Tsimirikas G, Vosvotekas G, Triantafyllidou E, Nicolaides P. Reactivation
of pulmonary tuberculosis in a patient with rheumatoid arthritis during treatment
with IL-1 receptor antagonists (anakinra). J Clin Rheumatol. 2007;13(4):219-220.

31. Furer V, Rondaan C, Heijstek MW, Agmon-Levin N, van Assen S, Bijl M, et al. 2019
update of EULAR recommendations for vaccination in adult patients with autoim-
mune inflammatory rheumatic diseases. Ann Rheum Dis. 2020;79(1):39-52.

32. Jansen MHA, Rondaan C, Legger GE, Minden K, Uziel Y, Toplak N, et al. EULAR/PRES
recommendations for vaccination of paediatric patients with autoimmune inflam-
matory rheumatic diseases: update 2021. Ann Rheum Dis. 2023;82(1):35-47.

33. Singh JA, Saag KG, Bridges Jr SL, Akl EA, Bannuru RR, Sullivan MC, et al. 2015 Amer-
ican College of Rheumatology guideline for the treatment of rheumatoid arthritis.
Arthritis Care Res (Hoboken). 2016;68(1):1-25.

34. Ridker PM, Everett BM, Thuren T, MacFadyen ]G, Chang WH, Ballantyne C, et al.
Antiinflammatory therapy with canakinumab for atherosclerotic disease. N Engl |
Med. 2017;377(12):1119-1131.

35. Heinrich PC, Castell ]V, Andus T. Interleukin-6 and the acute phase response. Bio-
chem J. 1990;265(3):621-636.

36. Campbell L, Chen C, Bhagat SS, Parker RA, Ostor A]. Risk of adverse events includ-
ing serious infections in rheumatoid arthritis patients treated with tocilizumab: a
systematic literature review and meta-analysis of randomized controlled trials.
Rheumatol (Oxf Engl). 2011;50(3):552-562.

37. Genovese MC, van Adelsberg ], Fan C, Graham NMH, van Hoogstraten H, Parrino J,
et al. Two years of sarilumab in patients with rheumatoid arthritis and an inade-
quate response to MTX: safety, efficacy and radiographic outcomes. Rheumatol
(OxfEngl). 2018;57(8):1423-1431.

38. Sarosiek S, Shah R, Munshi NC. Review of siltuximab in the treatment of multicen-
tric Castleman’s disease. Ther Adv Hematol. 2016;7(6):360-366.

39. Pawar A, Desai R], Solomon DH, Santiago Ortiz AJ, Gale S, Bao M, et al. Risk of seri-
ous infections in tocilizumab versus other biologic drugs in patients with rheuma-
toid arthritis: a multidatabase cohort study. Ann Rheum Dis. 2019;78(4):456-464.

40. Yokota S, Imagawa T, Mori M, Miyamae T, Takei S, Iwata N, et al. Longterm safety
and effectiveness of the anti-interleukin 6 receptor monoclonal antibody tocilizu-
mab in patients with systemic juvenile idiopathic arthritis in Japan. | Rheumatol.
2014;41(4):759-767.

41. Winthrop KL, Mariette X, Silva JT, Benamu E, Calabrese LH, Dumusc A, et al. ESC-
MID Study Group for Infections in Compromised Hosts (ESGICH) Consensus Docu-
ment on the safety of targeted and biological therapies: an infectious diseases
perspective (Soluble immune effector molecules [II]: agents targeting interleukins,
immunoglobulins and complement factors). Clin Microbiol Infect. 2018;24(suppl
2):521-540.

42. Langley RG, Tsai TF, Flavin S, Song M, Randazzo B, Wasfi Y, et al. Efficacy and safety
of guselkumab in patients with psoriasis who have an inadequate response to
ustekinumab: results of the randomized, double-blind, phase Il NAVIGATE trial.
Br ] Dermatol. 2018;178(1):114-123.

Descargado para Eilyn Mora Corrales (emoracl7@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 16,
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0001
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0001
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0002
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0002
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0002
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0003
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0003
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0003
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0003
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0004
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0004
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0004
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0004
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0005
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0005
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0005
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0006
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0006
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0006
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0007
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0007
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0007
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0008
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0008
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0008
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0009
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0009
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0009
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0009
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0010
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0010
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0010
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0011
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0011
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0011
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0011
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0012
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0012
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0012
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0012
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0012
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0013
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0013
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0013
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0013
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0013
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0014
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0014
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0014
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0014
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0015
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0015
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0015
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0015
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0016
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0016
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0016
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0017
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0017
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0017
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0018
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0018
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0018
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0019
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0019
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0019
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0020
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0020
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0020
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0020
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0020
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0021
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0021
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0021
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0022
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0022
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0022
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0022
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0024
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0024
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0024
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0025
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0025
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0025
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0026
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0026
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0026
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0027
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0027
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0027
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0027
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0028
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0028
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0028
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0029
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0029
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0029
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0030
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0030
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0030
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0031
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0031
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0031
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0032
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0032
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0032
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0033
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0033
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0033
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0034
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0034
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0034
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0035
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0035
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0036
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0036
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0036
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0036
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0037
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0037
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0037
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0037
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0038
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0038
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0039
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0039
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0039
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0040
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0040
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0040
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0040
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0041
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0041
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0041
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0041
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0041
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0041
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0042
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0042
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0042
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0042

43.

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

L. Cannon et al. / Ann Allergy Asthma Immunol 130 (2023) 718726

Foley P, Gordon K, Griffiths CEM, Wasfi Y, Randazzo B, Song M, et al. Efficacy of
guselkumab compared with adalimumab and placebo for psoriasis in specific
body regions: a secondary analysis of 2 randomized clinical trials. JAMA Dermatol.
2018;154(6):676-683.

. Blauvelt A, Papp KA, Griffiths CE, Randazzo B, Wasfi Y, Shen YK, et al. Efficacy and

safety of guselkumab, an anti-interleukin-23 monoclonal antibody, compared
with adalimumab for the continuous treatment of patients with moderate to
severe psoriasis: results from the phase III, double-blinded, placebo- and active
comparator-controlled VOYAGE 1 trial. ] Am Acad Dermatol. 2017;76(3):405-417.
Reich K, Armstrong AW, Foley P, Song M, Wasfi Y, Randazzo B, et al. Efficacy and
safety of guselkumab, an anti-interleukin-23 monoclonal antibody, compared
with adalimumab for the treatment of patients with moderate to severe psoriasis
with randomized withdrawal and retreatment: results from the phase III, double-
blind, placebo- and active comparator-controlled VOYAGE 2 trial. ] Am Acad Der-
matol. 2017;76(3):418-431.

Cho SI, Kang S, Kim YE, Lee JY, Jo SJ. Ustekinumab does not increase tuberculosis
risk: results from a national database in South Korea. ] Am Acad Dermatol. 2020;82
(5):1243-1245.

Motolese A, Ceccarelli M, Macca L, Li Pomi F, Ingrasciotta Y, Nunnari G, et al. Novel
therapeutic approaches to psoriasis and risk of infectious disease. Biomedicines.
2022;10(2):228.

Puig L, Tsai TF, Bhutani T, Uy ], Ramachandran P, Song M, et al. Safety in moderate-
to-severe plaque psoriasis patients with latent tuberculosis treated with guselku-
mab and anti-tuberculosis treatments concomitantly: results from pooled phase 3
VOYAGE 1 & VOYAGE 2 trials. ] Eur Acad Dermatol Venereol. 2020;34(8):1744-
1749.

Reich K, Griffiths CEM, Gordon KB, Papp KA, Song M, Randazzo B, et al. Mainte-
nance of clinical response and consistent safety profile with up to 3 years of con-
tinuous treatment with guselkumab: results from the VOYAGE 1 and VOYAGE 2
trials. ] Am Acad Dermatol. 2020;82(4):936-945.

Shalom G, Naldi L, Lebwohl M, Nikkels A, de Jong E, Fakharzadeh S, et al. Biological
treatment for psoriasis and the risk of herpes zoster: results from the Psoriasis
Longitudinal Assessment and Registry (PSOLAR). | Dermatol Treat. 2019;30
(6):534-539.

Davidson L, van den Reek ], Bruno M, van Hunsel F, Herings RMC, Matzaraki V,
et al. Risk of candidiasis associated with interleukin-17 inhibitors: a real-world
observational study of multiple independent sources. Lancet Reg Health Eur.
2022;13: 100266.

Ceccarelli M, Venanzi Rullo E, Berretta M, Cacopardo B, Pellicano GF, Nunnari G,
et al. New generation biologics for the treatment of psoriasis and psoriatic arthri-
tis. State of the art and considerations about the risk of infection. Dermatol Ther.
2021;34(1):e14660.

Kuwabara T, Ishikawa F, Kondo M, Kakiuchi T. The role of IL-17 and related cyto-
kines in inflammatory autoimmune diseases. Mediators Inflamm. 2017;2017:
3908061.

Puel A, Cypowy;j S, Marddi L, Abel L, Picard C, Casanova JL. Inborn errors of human
IL-17 immunity underlie chronic mucocutaneous candidiasis. Curr Opin Allergy
Clin Immunol. 2012;12(6):616-622.

Elewski BE, Baddley JW, Deodhar AA, Magrey M, Rich PA, Soriano ER, et al. Associa-
tion of secukinumab treatment with tuberculosis reactivation in patients with
psoriasis, psoriatic arthritis, or ankylosing spondylitis. JAMA Dermatol. 2021;157
(1):43-51.

Deodhar A, Mease PJ, McInnes IB, Baraliakos X, Reich K, Blauvelt A, et al. Long-term
safety of secukinumab in patients with moderate-to-severe plaque psoriasis, pso-
riatic arthritis, and ankylosing spondylitis: integrated pooled clinical trial and
post-marketing surveillance data. Arthritis Res Ther.2019;21(1):111.

Leonardi C, Maari C, Philipp S, Goldblum O, Zhang L, Burkhardt N, et al. Main-
tenance of skin clearance with ixekizumab treatment of psoriasis: three-
year results from the UNCOVER-3 study. ] Am Acad Dermatol. 2018;79(5).
824-30.e2.

Bissonnette R, Luger T, Thaci D, Toth D, Lacombe A, Xia S, et al. Secukinumab dem-
onstrates high sustained efficacy and a favourable safety profile in patients with
moderate-to-severe psoriasis through 5 years of treatment (SCULPTURE Extension
Study). ] Eur Acad Dermatol Venereol. 2018;32(9):1507-1514.

Gandhi NA, Bennett BL, Graham NM, Pirozzi G, Stahl N, Yancopoulos GD. Targeting
key proximal drivers of type 2 inflammation in disease. Nat Rev Drug Discov.
2016;15(1):35-50.

Dodson J, Lio PA. Biologics and small molecule inhibitors: an update in therapies
for allergic and immunologic skin diseases. Curr Allergy Asthma Rep. 2022;22
(12):183-193.

Bacharier LB, Maspero JF, Katelaris CH, Fiocchi AG, Gagnon R, de Mir [, et al. Dupi-
lumab in children with uncontrolled moderate-to-severe asthma. N Engl | Med.
2021;385(24):2230-2240.

Fleming P, Drucker AM. Risk of infection in patients with atopic dermatitis treated
with dupilumab: a meta-analysis of randomized controlled trials. ] Am Acad Der-
matol. 2018;78(1). 62-9.e1.

Bachert C, Han JK, Desrosiers M, Hellings PW, Amin N, Lee SE, et al. Efficacy and
safety of dupilumab in patients with severe chronic rhinosinusitis with nasal pol-
yps (Liberty NP SINUS-24 and Liberty NP SINUS-52): results from two multicentre,
randomised, double-blind, placebo-controlled, parallel-group phase 3 trials. Lan-
cet. 2019;394(10209):1638-1650.

. Castro M, Corren J, Pavord ID, Maspero J, Wenzel S, Rabe KF, et al. Dupilumab effi-

cacy and safety in moderate-to-severe uncontrolled asthma. N Engl | Med.
2018;378(26):2486-2496.

Farne HA, Wilson A, Powell C, Bax L, Milan S]. Anti-IL5 therapies for asthma.
Cochrane Database Syst Rev. 2017;9(9): Cd010834.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

725

Cruz AA, Lima F, Sarinho E, Ayre G, Martin C, Fox H, et al. Safety of anti-immuno-
globulin E therapy with omalizumab in allergic patients at risk of geohelminth
infection. Clin Exp Allergy. 2007;37(2):197-207.

Eichenfield LF, Bieber T, Beck LA, Simpson EL, Thaci D, de Bruin-Weller M, et al.
Infections in dupilumab clinical trials in atopic dermatitis: a comprehensive
pooled analysis. Am J Clin Dermatol. 2019;20(3):443-456.

Sun ZJ, Du X, Su LL, Zhang XD, Wang W. Efficacy and safety of basiliximab versus
daclizumab in kidney transplantation: a meta-analysis. Transplant Proc. 2015;47
(8):2439-2445.

Adu D, Cockwell P, Ives NJ, Shaw J, Wheatley K. Interleukin-2 receptor monoclonal
antibodies in renal transplantation: meta-analysis of randomised trials. BMJ.
2003;326(7393):789.

Webster AC, Playford EG, Higgins G, Chapman JR, Craig JC. Interleukin 2 receptor
antagonists for renal transplant recipients: a meta-analysis of randomized trials.
Transplantation. 2004;77(2):166-176.

Wang XF, Li JD, Peng Y, Dai Y, Shi G, Xu W. Interleukin-2 receptor antagonists in
liver transplantation: a meta-analysis of randomized trials. Transplant Proc.
2010;42(10):4567-4572.

Neuhaus P, Clavien PA, Kittur D, Salizzoni M, Rimola A, Abeywickrama K, et al.
Improved treatment response with basiliximab immunoprophylaxis after liver
transplantation: results from a double-blind randomized placebo-controlled trial.
Liver Transpl. 2002;8(2):132-142.

Kaine JL. Abatacept for the treatment of rheumatoid arthritis: a review. Curr Ther
Res Clin Exp. 2007;68(6):379-399.

Khraishi M, Russell A, Olszynski WP. Safety profile of abatacept in rheumatoid
arthritis: a review. Clin Ther. 2010;32(11):1855-1870.

Montastruc F, Renoux C, Hudson M, Dell'Aniello S, Simon TA, Suissa S. Abatacept
initiation in rheumatoid arthritis and the risk of serious infection: a population-
based cohort study. Semin Arthritis Rheum. 2019;48(6):1053-1058.

Fanouriakis A, Vassilopoulos D, Repa A, Boumpas DT, Sidiropoulos P. Hepatitis B
reactivation following treatment with abatacept in a patient with past hepatitis B
virus infection. Rheumatol (Oxf Engl). 2014;53(1):195-196.

Germanidis G, Hytiroglou P, Zakalka M, Settas L. Reactivation of occult hepatitis B
virus infection, following treatment of refractory rheumatoid arthritis with abata-
cept. J Hepatol. 2012;56(6):1420-1421.

Kim PS, Ho GY, Prete PE, Furst DE. Safety and efficacy of abatacept in eight rheu-
matoid arthritis patients with chronic hepatitis B. Arthritis Care Res (Hoboken).
2012;64(8):1265-1268.

Bigbee CL, Gonchoroff DG, Vratsanos G, Nadler SG, Haggerty HG, Flynn JL. Abata-
cept treatment does not exacerbate chronic Mycobacterium tuberculosis infection
in mice. Arthritis Rheum. 2007;56(8):2557-2565.

Lim CH, Chen HH, Chen YH, Chen DY, Huang WN, Tsai JJ, et al. The risk of tubercu-
losis disease in rheumatoid arthritis patients on biologics and targeted therapy: a
15-year real world experience in Taiwan. PLoS One. 2017;12(6): e0178035.
Navarra SV, Guzman RM, Gallacher AE, Hall S, Levy RA, Jimenez RE, et al. Effi-
cacy and safety of Belimumab in patients with active systemic lupus erythe-
matosus: a randomised, placebo-controlled, phase 3 trial. Lancet. 2011;377
(9767):721-731.

Furie R, Petri M, Zamani O, Cervera R, Wallace D], Tegzova D, et al. A phase III, ran-
domized, placebo-controlled study of Belimumab, a monoclonal antibody that
inhibits B lymphocyte stimulator, in patients with systemic lupus erythematosus.
Arthritis Rheum. 2011;63(12):3918-3930.

Aksoy S, Dizdar O, Hayran M, Harputluoglu H. Infectious complications of rituxi-
mab in patients with lymphoma during maintenance therapy: a systematic review
and meta-analysis. Leuk Lymphoma. 2009;50(3):357-365.

Cohen SB, Emery P, Greenwald MW, Dougados M, Furie RA, Genovese MC, et al.
Rituximab for rheumatoid arthritis refractory to anti-tumor necrosis factor ther-
apy: results of a multicenter, randomized, double-blind, placebo-controlled, phase
Il trial evaluating primary efficacy and safety at twenty-four weeks. Arthritis
Rheum. 2006;54(9):2793-2806.

van Vollenhoven RF, Fleischmann RM, Furst DE, Lacey S, Lehane PB. Longterm
safety of rituximab: final report of the rheumatoid arthritis global clinical trial pro-
gram over 11 years. ] Rheumatol. 2015;42(10):1761-1766.

Garcia-Rodriguez M]J, Canales MA, Hernandez-Maraver D, Hernandez-Navarro
F. Late reactivation of resolved hepatitis B virus infection: an increasing com-
plication post rituximab-based regimens treatment? Am ] Hematol. 2008;83
(8):673-675.

Salliot C, Dougados M, Gossec L. Risk of serious infections during
rituximab, abatacept and anakinra treatments for rheumatoid arthritis: meta-
analyses of randomised placebo-controlled trials. Ann Rheum Dis. 2009;68
(1):25-32.

Berger JR, Malik V, Lacey S, Brunetta P, Lehane PB. Progressive multifocal leukoen-
cephalopathy in rituximab-treated rheumatic diseases: a rare event. | Neurovirol.
2018;24(3):323-331.

Lanini S, Molloy AC, Prentice AG, Ippolito G, Kibbler CC. Infections in patients tak-
ing rituximab for hematologic malignancies: two-year cohort study. BMC Infect
Dis. 2013;13:317.

Kimby E. Tolerability and safety of rituximab (MabThera). Cancer Treat Rev.
2005;31(6):456-473.

Martin-Garrido I, Carmona EM, Specks U, Limper AH. Pneumocystis pneumonia in
patients treated with rituximab. Chest. 2013;144(1):258-265.

Jiang X, Mei X, Feng D, Wang X. Prophylaxis and treatment of Pneumocystis jiro-
veci pneumonia in lymphoma patients subjected to rituximab-contained therapy:
a systemic review and meta-analysis. PLoS One. 2015;10(4): e0122171.

Cantini F, Nannini C, Niccoli L, Petrone L, Ippolito G, Goletti D. Risk of tuberculosis
reactivation in patients with rheumatoid arthritis, ankylosing spondylitis, and

Descargado para Eilyn Mora Corrales (emoracl7@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 16,
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0043
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0043
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0043
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0043
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0044
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0044
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0044
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0044
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0044
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0045
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0045
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0045
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0045
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0045
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0045
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0046
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0046
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0046
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0047
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0047
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0047
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0048
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0048
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0048
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0048
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0048
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0049
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0049
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0049
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0049
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0050
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0050
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0050
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0050
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0051
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0051
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0051
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0051
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0052
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0052
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0052
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0052
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0052
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0053
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0053
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0053
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0054
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0054
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0054
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0054
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0055
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0055
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0055
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0055
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0056
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0056
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0056
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0056
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0057
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0057
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0057
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0057
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0058
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0058
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0058
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0058
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0058
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0059
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0059
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0059
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0060
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0060
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0060
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0061
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0061
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0061
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0062
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0062
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0062
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0063
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0063
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0063
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0063
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0063
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0064
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0064
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0064
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0065
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0065
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0066
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0066
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0066
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0067
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0067
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0067
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0067
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0068
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0068
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0068
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0069
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0069
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0069
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0070
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0070
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0070
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0071
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0071
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0071
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0072
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0072
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0072
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0072
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0073
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0073
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0074
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0074
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0075
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0075
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0075
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0076
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0076
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0076
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0077
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0077
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0077
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0078
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0078
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0078
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0079
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0079
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0079
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0080
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0080
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0080
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0081
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0081
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0081
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0081
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0081
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0082
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0082
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0082
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0082
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0082
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0083
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0083
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0083
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0083
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0084
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0084
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0084
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0084
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0084
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0085
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0085
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0085
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0086
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0086
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0086
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0086
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0087
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0087
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0087
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0087
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0088
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0088
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0088
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0089
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0089
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0089
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0090
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0090
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0091
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0091
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0092
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0092
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0092
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0093
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0093

726

94.

95.

96.

L. Cannon et al. / Ann Allergy Asthma Immunol 130 (2023) 718-726

psoriatic arthritis receiving non-anti-TNF-targeted biologics. Mediators Inflamm.
2017;2017: 8909834.

Barmettler S, Ong MS, Farmer JR, Choi H, Walter J. Association of immunoglobulin
levels, infectious risk, and mortality with rituximab and hypogammaglobulinemia.
JAMA Netw Open. 2018;1(7): e184169.

McAtee CL, Lubega ], Underbrink K, Curry K, Msaouel P, Barrow M, et al. Associa-
tion of rituximab use with adverse events in children, adolescents, and young
adults. JAMA Netw Open. 2021;4(2): e2036321.

Sacco KA, Abraham RS. Consequences of B-cell-depleting therapy: hypogammaglobu-
linemia and impaired B-cell reconstitution. Immunotherapy. 2018;10(8):713-728.

97.

98.

99.

Christou EAA, Giardino G, Worth A, Ladomenou F. Risk factors predisposing to the
development of hypogammaglobulinemia and infections post-rituximab. Int Rev
Immunol. 2017;36(6):352-359.

Cohen SB, Tanaka Y, Mariette X, Curtis JR, Lee EB, Nash P, et al. Long-term safety of
tofacitinib for the treatment of rheumatoid arthritis up to 8.5 years: integrated anal-
ysis of data from the global clinical trials. Ann Rheum Dis. 2017;76(7):1253-1262.
Teh BW, Harrison SJ, Worth LJ, Thursky KA, Slavin MA. Infection risk with immu-
nomodulatory and proteasome inhibitor-based therapies across treatment phases
for multiple myeloma: a systematic review and meta-analysis. Eur J Cancer.
2016;67:21-37.

Descargado para Eilyn Mora Corrales (emoracl7@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 16,
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0093
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0093
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0094
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0094
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0094
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0095
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0095
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0095
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0096
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0096
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0097
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0097
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0097
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0098
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0098
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0098
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0099
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0099
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0099
http://refhub.elsevier.com/S1081-1206(23)00101-1/sbref0099

	Secondary immunodeficiencies and infectious considerations of biologic immunomodulatory therapies
	Introduction
	Tumor necrosis factor-α Inhibitors
	Interleukin-1 Inhibitors
	Interleukin-6 Inhibitors
	Interleukin-12/Interleukin-23 Inhibitors
	Interleukin-17 Inhibitors
	Interleukin-4/Interleukin-13 and Interleukin-5 Inhibitors and Anti-immunoglobulin E Therapy
	Anti-T-Lymphocyte Therapies
	Anti-B-Lymphocyte Therapies

	Conclusion
	References


